










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































D Semiconductor 
93425/93L425 
1024 x 1-Bit Static Random Access Memory 

General Description 
The 93425 is a 1024-bit read write Random Access Memory 
(RAM), organized 1024 words by one bit. It is designed for 
high speed cache control and buffer storage applications. 
The device includes full on-chip decoding, separate Data 
input and non-inverting Data output as well as an active 
LOW Chip Select line. 

Connection Diagram 
16-Pin DIP 

cs 16 Vee 
AO 15 D 

AI 14 WE 
A2 A9 

A3 AS 

A4 A7 

0 A6 

GND S 9 A5 

TLlD/9674-1 

Top View 

Order Number 93425DC, 93425ADC, 93425DC25, 
93425DMQB, 93425DMQB40, 93425DMQB50, 93425PC, 

93425APC, 93425PC25, 93L425DC, 93L425ADC, 
93L425DC25, 93L425DMQB, 93L425DMQB40, 

93L425DMQB50, 93L425PC, 93L425APC or 93L425PC25 
See NS Package Number J16A * or N16E* 

"For most current package information, contact product marketing. 

Optional Processing QR = Burn-In 

Logic Symbol 

vee = Pin 16 
GND = Pin 8 

2 
3 
4 
5 
6 
9 

10 
11 
12 
13 

15 14 

7 
TL/D/9674-3 

Features 
• Commercial address access time 

953425-20 to 60 ns max 
• Military address access time 

93425-30 to 70 ns max 
• Low power version also available (93L425) 
• Features TRI-STATE® output 
• Power dissipation decreases with increasing 

temperature 
• Standard processing includes burn-in 

16-Pin Flatpak 

cs Vee 
AO D 

AI WE 
A2 A9 

A3 AS 

A4 A7 

0 A6 

GND A5 

Top View 
TL/D/9674-2 

Order Number 93425FMQB, 93425AFMQB, 
93L425FMQB40, 93L425FMQB, 93L425AFMQB or 

93L425FMQB50 
See NS Package Number W16A* 

"For most current package information, contact product marketing. 

Optional Processing QR = Burn-In 

Pin Names 

CS Chip Select (Active LOW) 

Ao-Ag Address Inputs 

WE Write Enable Input (Active LOW) 

0 Data Input 

0 Data Output 

6-38 



Absolute Maximum Ratings Guaranteed Operating Ranges 
Above which the useful life may be impaired 

Supply Voltage (Ved 
Storage Temperature - 65°C to + 150°C Commercial 5.0V ±5% 
Supply Voltage Range -0.5V to + 7.0V Military 5.0V ±10% 

Input Voltage (DC) (Note 1) -0.5V to Vee Case Temperature (Td 

Voltage Applied to Outputs Commercial O°Cto + 75°C 

(Note 2) -0.5V to + 5.5V Military - 55°C to + 125°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Maximum Junction Temperature (TJ) + 175°C 

Output Current +20mA 

Input Current (DC) -12 mA to + 5.0 mA 

DC Electrical Characteristics Over operating temperature ranges (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VOL Output LOW Voltage 0.45 V Vee = Min, IOl = 16 mA 

VIH Input HIGH Voltage 
2.1 V 

Guaranteed Input HIGH Voltage 
for All Inputs (Notes 4, 5 & 6) 

Vil Input LOW Voltage 
0.8 V 

Guaranteed Input LOW Voltage 
for All Inputs (Notes 4, 5 & 6) 

VOH Output HIGH Voltage 2.4 V Vee = Max, 10H = -5.2 mA 

III Input LOW Current -180 -300 ""A Vee = Max, VIN = O.4V 

IIH Input HIGH Current 1.0 40 ""A Vee = Max, VIN = 4.5V 

_IIHB - ---. Input Breakdown CurrenL. ----- - ----- - .. __ 1.0. __ .mA... . .- Vee·= Max,VIN= Vee· -- ---

Vie Input Diode Clamp Voltage -1.0 -1.5 V Vee = Max, VIN = -10 mA 

IOZH Output Current (HIGH Z) 50 
""A 

Vee = Max, VOUT = 2.4V 

IOZl -50 Vee = Max, VOUT = 0.5V 

los Output Current 
-100 mA 

Vee = Max, (Note 7) 
Short Circuit to Ground (Note 7) 

lee 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 Vce = 5.0V. T e = + 25'C and maximum loading. 

Note 4: Static condition only. 

Note 5: Functional testing done at input levels VIL = VOL Max (O.45V), VIH = VOH Min (2.4V). 
Note 6: AC testing done at input levels VIH = 3V, VIL = 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: tw measured at tWSA = Min. tWSA measured at tw = Min. 
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Logic Diagram 

WORD 
DRIVER 

ADDRESS 
DECODER 

AOA1A2A3A4 

32x32 
ARRAY 

SENSE AMPS 
AND 

WRITE 
DRIVERS 

ADDRESS 
DECODER 

MA6A7 A8A9 

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 increase 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 tWSD(m.lr!LPlus tW(min) plus 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. 
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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 

CS WE 0 

H H X 
L L L 
L L H 
L H X 

H = HIGH Voltage Level: 2,4V 
L = LOW Voltage Level: 0,45V 
X = Don't Care HIGH or LOW 
HIGH Z = High Impedance State 

Output 
Mode 

0 

HIGHZ Not Selected 
HIGHZ Write 0 
HIGHZ Write 1 

Dour Read 



Commercial 

AC Electrical Characteristics (Note 6) Vcc = 5.0V ± 5%, GND = OV, Tc = O·C to + 75·C 

93425-25 
93425-30 93425-45 

Symbol Parameter Conditions 93425A 93425 Units 

Min Max Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time (Figures 38, 3b) 15 20 35 ns 

tZRCS Chip Select to HIGH Z 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 35 ns 

(Note 9) 

tWSD 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 Enable to HIGH Z ---- - ---- -15 20 35 ns 

tWR Write Recovery Time 15 20 40 ns 

tWR Write Recovery Time (93425A) 25 ns 

Military 

AC Electrical Characteristics (Note 6) VCC = 5.0V ±10%, GND = OV, Tc = -55·Cto + 125·C 

93425-25 
93425-40 93425-60 

Symbol Parameter Conditions 93425A 93425 Units 

Min Max Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time (Figures 38, 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) 

tWSD 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 Write Recovery Time 20 25 50 ns 

Notes on preceding page. 
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Commercial 

AC Electrical Characteristics (Note 6) VCC = 5.0V ± 5%, GND = OV, T C = O·C to + 75·C 

93L425-35 
93L425-45 93L425-60 

Symbol Parameter Conditions 93L425A 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 Write Pulse Width to Guarantee Writing (Figures 4a, 4b) 
30 35 45 ns 

(Note 9) 

tWSD 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 10 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 Write Recovery Time 30 35 45 ns 

Military 

AC Electrical Characteristics (Note6)Vcc = 5.0V ±10%,GND = OV, Tc = -55·Cto + 125·C 

93L425-40 
93L425-50 93L425-70 

Symbol Parameter Conditions 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 Write Pulse Width to Guarantee Writing (Figures 4a, 4b) 
35 40 50 ns 

(Note 9) 

tWSD Data Setup Time prior to Write 5 5 10 ns 

tWHD Data Hold Time after Write 5 5 10 ns 

tWSA Address Setup Time prior to Write 
10 10 10 ns 

(Note 9) 

tWHA Address Hold Time after Write 5 5 10 ns 

twSCS Chip Select Setup Time prior to Write 5 5 10 ns 

tWHCS Chip Select Hold Time after Write 5 5 5 ns 

tzws Write Enable to HIGH Z 25 30 45 ns 

tWR Write Recovery Time 25 40 55 ns 
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Vee 

o 

93425 600n. 30·pF' 

LOAD A 
TL/D/9674-5 

ET 1 .. 4 t~'PF 
LOAD B 

TL/D/9674-6 

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 

CHIP SElECT 

LOAD A 

DATA OUTPUT 

LOAD B 

3a. Read Mode Propagation Delay from Chip Select 

AOOR~s=t:tMI 
DATA OUTPUTS 50X 

TL/D/9674-7 

3b. Read Mode Propagation Delay from Address 

FIGURE 3. Read Mode Timing 
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U) r-----------------------------------------------------------------------------------------~ 
C'I 

:5 
C") 
G) ...... 
U) 
C'I 
"If' 
C") 
G) 

CHIP SELECT 50% 

ADDRESS 50% 

DATA INPUT 

WRITE ENABLE 

TLlD/967 4-10 

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.O/O.OV. 
FIGURE 4. Write Mode Timing 
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~National 
~ Semiconductor 

ADVANCE INFORMATION 

93L425A 
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. 

Connection Diagram 
16·Pln DIP 

1 16 Vee 
--------------- -

2 15 D 

A1 3 WE 
A2 4 A9 

A3 5 AS 

A4 A7 

0 7 A6 

GND S AS 

Top View 

Order Number 93L425ADC, 
93L425ADMQB or 93L425APC 

TLlO/l0004-1 

See NS Package Number J16A* or N16E* 

·For most current package information, contact product marketing. 

Logic Symbol 

Vee = Pin 16 
GND = Pin 8 

2 
3 
4 
5 
6 
9 

10 
11 
12 
13 

15 14 

7 
TL/O/l0004-3 

Features 
• New design to replace old 93L425/93425 

• Improved ESD thresholds 
• Alpha hard without die coat 
• Commercial address access time 

93L425A 

• Military address access time 
93L425A 

• Features TRI·STATE® output 

25 ns max 

30 ns max 

• Power dissipation decreases with increasing tempera· 
ture 

16·Pln Flatpak 

Cs Vee 
AO D 
A1 WE 
A2 A9 

A3 AS 

A4 A7 

0 A6 

GND AS 

Top View 

Order Number 93L425AFMQB 
See NS Package Number W16A* 

TL/O/l0004-2 

·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 

a Data Output 
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en .----------------------------------------------------------------------------------, ..... 
~ 
Cf) 
en ~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 scratch pad, 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 S-bit 
word systems. 

Connection Diagrams 

22-Pln Ceramic DIP 

D08 1 22 Vee 
DQ7 2 21 A7 

DQ6 20 A6 

005 19 AS 

D04 A4 

003 A3 

D02 A2 

DOl Al 

DQO AO 

Of 10 cs 
GHD 11 WE 

Top View 

Order Number 93479DC, 93479ADC, 
93479DMQB or 93479ADMQB 

See NS Package Number J22A * 

TL/O/9675-1 

"For most current package information, contact product marketing. 

Optional Processing QR = Burn In 

Pin Names 

AO-A7 Address Inputs 

DOO-DOS Data Input Outputs 

OE Output Enable Input (Active LOW) 

WE Write Enable Input (Active LOW) 

CS Chip Select Input (Active LOW) 

NC No Connect 

Features 
• Commercial address time 

93479-45 ns max 
93479A-35 ns max 

• Military address access time 
93479-60 ns max 
93479A-45 ns max 

• Common data input/output 
• Features TRI-STATE® output 

005 

004 

003 

002 

DQl 

000 10 

HC 11 

28-Pln LCC 

TOP 

12 13 14 15 16 17 18 

Top View 

25 A6 

24 AS 

23 A4 

A3 

A2 

Al 

HC 

TLID/9675-3 

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 

Vee = Pin 22 
GND = Pin 11 
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14 
15 
16 
17 
18 
19 
20 
21 

AO 
Al 
A2 

10 13 12 

!~ 93479 

AS 
A6 
A7 

O_N""~II')CD"""CIO ggggggggg 

987654321 
TLIO/9675-2 



Absolute Maximum Ratings 
Above which the useful life may be impaired 

Guaranteed Operating Ranges 
Supply Voltage (Ved 

Storage Temperature - 65°C to + 150°C 

Supply Voltage Range -0.5V to +7.0V 

Input Voltage (DC) (Notes 1, 2) -0.5V to Vee (RAMs) 

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

Lead Temperature 
(Soldering, 10 seconds) 

Maximum Junction 
Temperature (TJ) 

Output Current 

Input Current (DC) 

-1.5V to Vee (PROMs) 

- 0.5V to + 5.5V (RAMs) 
-1.5V to + 5.5V (PROMs) 

300°C 

+175°C 

+20mA 

-12 mA to +5.0 mA 

Commercial 
Military 

Case Temperature (T d 
Commercial 
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 Vee = 5.0V. Te = + 25°C and maximum loading. 

Note 4: Static condition only. 

Note 5: Functional testing done at input levels VIL = VOL (Max) (O.45V), VIH = VOH (Min) (2.4V). 

Note 6: AC testing done at input levels VIH = 3V, VIL = 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: tw measured at tWSA = Min. tWSA measured at tw = Min. 
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5.0V ±5% 
5.0V ±10% 

O°Cto +75°C 
-55°C to + 125°C 
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Logic Diagram 

AO 
A1 
A2 
A3 
A4 

A5 
A6 
A7 

ADDRESS 
BUFFER 

CONTROL 
LOGIC 

Functional Description 

AI.. 

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 
000-008 is written into the addressed location. Since the 
write function is level triggered, data must be held stable for 
at least tWSD(min) plus 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 
000-008. 
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32 MEMORY CELL MATRIX 
32 x 8 x 9 - 2304 

READ/WRITE CIRCUITS 
DIN' DOUT BUFFERS 

O_N",..,.onCO .... CO ggggggggg 
TL/D/9675-4 

The 93479 has TRI-STATE outputs which provide an active 
pull-up or pull-down when enabled and a high impedance 
(HIGH Z) 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. 

Truth Table 
Inputs Data In/Out 

CS OE WE DQO-DQ8 

X H X HIGHZ 
H X X HIGHZ 
L L H OataOut 
L H L Oataln 

H = HIGH Voltage Level 2.4V 
L = LOW Voltage Level O.SV 
X = Don't Care HIGH or LOW 
HIGH Z = High Impedance State 

Mode 

Output Oisabled 
RWOisabled 
Read 
Write 



DC Electrical Characteristics Over operating temperature ranges (Note 3) 

Symbol Parameter Conditions Min Typ Max Units 

VOL Output LOW Voltage Vee = Min, 10l = 8.0 mA 0.5 V 

VOH Output HIGH Voltage Vee = Min,IOH = -5.2 mA 2.4 V 

VIH Input HIGH Voltage Guaranteed Input HIGH Voltage 
2.1 V 

for All Inputs (Notes 4, 5 & 6) 

Vil Input LOW Voltage Guaranteed Input LOW Voltage 
0.8 V 

for All Inputs (Notes 4, 5 & 6) 

III Input LOW Current Vee = Max, VIN = O.4V -250 -400 p.A 

IIH Input HIGH Current Vee = Max, VIN = 4.5V 1.0 40 p.A 

IIHB Input Breakdown Current Vee = Max, VIN = Vee 1.0 mA 

10ZH Output Current (HIGH Z) Vee = Max, VOUT = 2.4V 50 p.A 
10Zl Vee = Max, VOUT = 0.5V -50 -400 p.A 

Ve Input Diode Clamp Voltage Vee = Max, VIN = -10 mA -1.0 -1.5 V 

los Output Current Vee = Max, (Note 7) -70 mA 
Short Circuit to Ground 

Icc Power Supply Current Commercial 

I 
Vee = Max 185 

mA 
Military All Inputs GND 200 

- ------ -------- ------ -- ---- -------- ---- --- -- -- --

• 
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Commercial 

AC Electrical Characteristics (Note 6) VCC = 5.0V ± 5%, GND = OV, Tc = O°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 Output Enable Access Time (Figures 3a, 3b, 3d) 25 25 ns 

tZROS Output Enable to HIGH Z 25 25 ns 

tM 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 

tWSD Data Setup Time Prior to Write 
(Figure 4) 

25 25 ns 

tWHD Data Hold Time after Write 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 (Note 6)Vcc = 5.0V ± 10%. GND = OV. Tc = -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 

tZROS Output Enable to HIGH Z 30 40 ns 

tAA Address Access Time (Note 8) 45 60 ns 

WRITE TIMING 

tw Write 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 

tWSD Data Setup Time Prior to Write 
(Figure 4) 

50 50 ns 

tWHD Data Hold Time after Write 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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r---------------------------------------------------------------------------------------~ U) 

600A 

IS0pf 

LOAD A -= 
TLlD/9675-5 

1·,,·1 ~f: t·~ 
LOAD a -= 

°lncludes jig and probe capacitance TL/D/9675-6 

Note: Load A is used for all production testing. 

FIGURE 1. AC Test Load Output Load FIGURE 2. AC Test Input Levels 

CHIP SELECT 

LOAD A 

LOAD B 

5070 

·--·H~HZ·-----------

a. Read Mode Propagation Delay from Chip Select to Output 

A~~ ~-tAA-~---r----
DATA OUll'UTS ~ 

TLlD/9675-9 

b. Read Mode Propagation Delay from Address to Output 
FIGURE 3. Read Mode Timing 
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LOAD A 

DATA OUTPUTS 

OUTPUT ENABLE 

CHIP SELECT 

ADDRESS INPUTS 

DATA INPUTS 

LOAD B 

• - HIGH Z - - - - -

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

DATA IN 

TL/D/9675-10 

twso---.-,-_-_+i _____ _ 

WRITE ENABLE 

~-----------tw----------~~ 

"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 
D 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 

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. 

word locations. An internal address register latches the ad- When the device is writing or disabled the output assumes a 
dress information on the positive to negative transition of TRI-STATE (Hi-z) condition. 
the memory enable input. The four TRI-STATE data output 
lines working in conjunction with the memory enable input Features 
provide for easy memory expansion. • Wide supply voltage range 
Address Operation: Address inputs must be stable tSA pri- • Guaranteed noise margin 

3.0V to 15V 
1.0V 

0.45 Vee (typ.) 
fan out of 2 
driving 74L 

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

or to the positive to negative transition of memory enable. It 
is thus not necessary to hold address information stable for • High noise immunity 
more than tHA after the memory is enabled (positive to neg- • Low power 
ative transition of memory enable). TTL compatibility 
Note: The timing is different than the DM7489 In that a positive to negative • Low power consumption 

transition of the memory enable must occur for the memory to be • Fast access time 
selected. • TRI-STATE output 

Wrlte_ Operatlon:Jnformation_present at the_ data inputs is ___ _ 
written into the memory at the selected address by bringing 
write enable and memory enable low. 

Logic and Connection Diagrams 

DATA IIAfl DATA IIAfl DATA IIAfl DATA axn 
INPUT 1 mJilTT INPUT Z OuTPUflIIPUT 3 UuTJiifl,NPUT 4 0uffiIf1 

...!ftill 
ENAlLE 

MEMORY 
ENAlLE 

INPUT A 

I.'UTI 

1.'UTe 

IN'UTI 

I 
I 
I 
I 

MEMORY 
ARRAY 
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Dual-In-Llne Package 

ADDRESS IN'UT A 1 " Vee 

IIlImIV ERnIE Z 15 ADDRESS lNPUTI 

WR11T ERnIE 3 14 ADDRESS IN'UTe 

DATAINPUlI 
4 

ADDRESS IN'UT D 

~GUTPlJTl I 
12 DATA IN'UT4 

DATAIN,un • 11 ~GUmlT4 

~GUTPlJTz 7 11 DATA IN,un 

GND • • ~GUTPlJT3 

Top View TL/F/5888-2 

Order Number MM54C89* 
or MM74C89* 

·Please look into Section 8, Appendix 0 
for availability of various package types. 

• 



Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, Power Dissipation (PD) 
contact the National Semiconductor Sales Office/ Dual-In-Line 700mW 
Distributors for availability and specifications. Small Outline 500mW 

Voltage at any Pin - 0.3V to Vee + 0.3V Operating Vee Range 3.0V to 15V 

Operating Temperature Range Absolute Maximum Vee 18V 
MM54C89 - 55°C to + 125°C Lead Temperature (TO 
MM74C89 - 40°C to + 85°C (Soldering, 10 seconds) 260°C 

Storage Temperature Range (T S) - 65°C to + 150°C 

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

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

VIN(1) Logical "1" Input Voltage Vee = 5.0V 3.5 V 
Vee = 10V 8.0 V 

VIN(O) Logical "0" Input Voltage Vee = 5.0V 1.5 V 
Vee = 10V 2.0 V 

VOUT(1) Logical "1" Output Voltage Vee = 5.0V, 10 = -10/LA 4.5 V 
Vee = 10V,I0 = -10 /LA 9.0 V 

VOUT(O) Logical "0" Output Voltage Vee = 5.0V, 10 = + 10 /LA 0.5 V 
Vee = 10V, 10 = +10/LA 1.0 V 

IIN(1) Logical "1" Input Current Vee = 15V, VIN = 15V -0.005 1.0 /LA 

IIN(O) Logical "0" Input Current Vee = 15V, VIN = OV -1.0 -0.005 /LA 

loz Output Current in High Vee = 15V, V = 15V 0.005 1.0 /LA 
Impedance State Vee = 15V, Vo = OV -1.0 -0.005 /LA 

Icc Supply Current Vee = 15V 0.05 300 /LA 

CMOS/LPTTL INTERFACE 

VIN(1) Logical "1" Input Voltage 54C, Vee = 4.5V Vee - 1.5 V 
74C, Vee = 4.75V Vee- 1.5 V 

VIN(O) Logical "0" Input Voltage 54C, Vee = 4.5V 0.8 V 
74C, Vee = 4.75V 0.8 V 

VOUT(1) Logical "1" Output Voltage 54C, Vee = 4.5V, 10 = -360/LA 2.4 V 
74C, Vee = 4.75V, 10 = -360/LA 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C, Vee = 4.5V, 10 = + 360 /LA 0.4 V 
74C, Vee = 4.75V, 10 = +360/LA 0.4 V 

OUTPUT DRIVE (See 54C174C Family Characteristics Data Sheet) (Short Circuit Current) 

ISOUReE Output Source Current Vee = 5.0V, VOUT = OV -1.75 -3.3 mA (P-Channel) TA = 25°C 

ISOUReE Output Source Current Vee = 10V, VOUT = OV -8.0 -15 mA (P-Channel) TA = 25°C 

ISINK Output Sink Current Vee = 5.0V, VOUT = Vee 1.75 3.6 mA (N-Channel) TA = 25°C 

ISINK Output Sink Current Vee = 10V, VOUT = Vee 8.0 16 mA (N-Channel) TA = 25°C 
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 * T A = 25°C, CL = 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 

tAee Access Time from Vee = 5V 350 650 ns 
Address Input Vee = 10V 130 280 ns 

tSA Address Setup Time Vee = 5V 150 ns 
Vee = 10V 60 ns 

tHA Address Hold Time Vee = 5V 60 ns 
Vee = 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 * T A = 25°C, CL = 50 pF, unless otherwise noted (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

tSR Write Enable Setup Vee = 5V 0 ns 
Time for a Read Vee = 10V 0 ns 

tws Write Enable Setup Vee = 5V tME ns 
Time for a Write Vee = 10V tME ns 

tWE Write Enable Pulse Width Vee = 5V, tws = 0 300 160 ns 
Vee = 10V, tws = 0 100 60 ns 

tHO Data Input Hold Time Vee = 5V 50 ns 
Vee = 10V 25 ns 

tso Data Input Setup Vee = 5V 50 ns 
Vee = 10V 25 ns 

t1H, tOH Propagation Delay from a Logical Vee = 5V, CL = 5 pF, RL = 10k 180 300 ns 
"1" or Logical "0" to the High Vee = 10V, CL = 5 pF, RL = 10k -85 120 ns 
Impedance State from 
Memory Enable 

t1H, tOH Propagation Delay from a Logical Vee = 50V, CL = 5 pF, RL = 10k 180 300 ns 
"1" or Logical "0" to the High Vee = 10V, CL = 5 pF, RL = 10k 85 120 ns 
Impedance State from 
Write Enable 

CIN Input Capacity Any Input (Note 2) 5 pF 

COUT Output Capacity Any Output (Note 2) 6.5 pF 

CPO 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: CpD determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note, 
- - AN-90.- --- -- -- - - ------ --- --

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

MM54C89 MM74C89 
Parameter Conditions TA = -55°C to + 125°C TA = -40°C to +85°C Units 

Min Max Min Max 

tpo Vee = 5V 700 600 ns 
Vee = 10V 310 265 ns 
Vee = 15V 250 210 ns 

tAee Vee = 5V 910 780 ns 
Vee = 10V 400 345 ns 
Vee = 15V 320 270 ns 

tSA Vee = 5V 210 180 ns 
Vee = 10V 90 80 ns 
Vee = 15V 70 60 ns 

tHA Vee = 5V 80 70 ns 
Vee = 10V 55 50 ns 
Vee = 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 
Vee = 10V 140 120 ns 
Vee = 15V 110 100 ns 

tHO Vee = 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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AC Electrical Characteristics * 
Guaranteed across the specified temperature range, CL = 50 pF (Continued) 

MM54C89 MM74C89 
Parameter Conditions TA = -55°C to + 125°C TA = -40°C to +85°C 

tso Vee = 5V 
Vee = 10V 
Vee = 15V 

Vee = 5V 
Vee = 10V,CL = 5pF 
Vee = 15V, RL = 10 kn 

• AC Parameters are guaranteed by DC correlated testing. 

Truth Table 
ME WE 

Min 

70 
35 
30 

Operation 

L L Write 
L H Read 
H L Inhibit, Storage 
H H Inhibit, Storage 

AC Test Circuits 
tOH 

Vee 

TLIF/5888-4 

Switching Time Waveforms 
tOH 

Vee 

f:'" i.milfifY 
rRm! 

ov 

VOH 

IWJ 
fiUffilT 

Read Cycle 

TL/F/5888-7 
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Max 

420 
170 
135 

Min 

60 
30 
25 

Condition of Outputs 

TRI-STATE 
Complement of Selected Word 
TRI-STATE 
TRI-STATE 

t1H 
Vee 

IlrnlfIIV 
ENABLE 

OV 

VOH 

IWJ 
!fU'ffiii' 

OV 

Write Cycle 

vcc---+ __ ---..... 
mlJlW rum 

ADDRESS 
INPUT 

WRITE 
ENABLE 

DATA 
INPUT 

vcc-----"" 

vcc-------~ 

~--------, 

Max 

360 
145 
115 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

TL/F/5888-3 

TL/F/5888-6 

TL/F/5888-8 



Switching Time Waveforms (Continued) 

f.ID.fImV 
ENABLE 

ADDRESS 
INPUT 

Read Modify Write Cycle 

V~------r~--------~ 

Vcc---------_ 

Vcc--------t-----

'~ ~~------------------~---~~~------
Note: Ir = 60 ns 

If = 10 ns 
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~National 
D 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 CE3. The TRI­
STATE data output line, working in conjunction with CE1 or 
CE2 inputs, provides for easy memory expansion. 

Address Operation: Address inputs must be stable tSA pri­
or to the positive to negative transition of CE3. It is therefore 
unnecessary to hold address information stable for more 
than tHA 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. 

Logic and Connection Diagrams 

Holding either CE1, CE2, or CE3 at a high level forces the 
output into TRI-STATE. When used in bus-organized sys­
tems, CE1, or CE2, 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 CE1 or CE2 has no effect on 
the write cycle. The output assumes TRI-STATE with WE 
low. 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• TTL compatibility 

• Low power 
• Internal address register 

3V to 15V 
1V 

0.45 Vee (typ.) 
Fan out of 1 

driving standard TTL 
500 nW (typ.) 

ADDRESS ADDRESS ADDRESS ADDRESS 
INPUT 0 INPUT C INPUT I INPUT A 

TRI·STATE 

E:~~:--~::::::::::~~---4----+r--~~~--~~~L-~~~~ 
DA~:---r--------------t----t----+I 

CE,---------.:::::::::::t 
CE,-----' 

CE,--------..... --1I"">D-4~-' 
A~~~ ____________ -r~ 

X·DECDDER 

251-11T 
MEMORY ARRAY 

6-58 

TL/F/5903-1 

Dual-In-Llne Package 

ADDRESS 1 
INPUT A 

ADDRESS 2 
INPUT. _ 3 

CE, 

Top View 

14 ADDRESS 
INPUTH 

13 DATA IN 

12 WRITE 
ENABLE 

11 ADDRESS 
INPUTG 

10 ADDRESS 
INPUT F 

• ADDRESS 
INPUTE 

TLIF/5903-2 

Order Number MM54C200* or 
MM74C200* 

·Please look into Section 8, Appendix D 
for availability of various package types. 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Power Dissipation (Po) 
contact the National Semiconductor Sales Office/ Dual·ln·Line 700mW 
Distributors for availability and specifications. Small Outline 500mW 

Voltage at Any Pin -0.3V to Vee+0.3V Operating Vee Range 3Vto 15V 

Operating Temperature Range (T A) Absolute Maximum Vee 18V 
MM54C200 - 55·C to + 125·C Lead Temperature (T U 
MM74C200 -40·Cto +85·C (Soldering, 10 seconds) 260·C 

Storage Temperature Range (T S) - 65·C to + 150·C 

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

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

VIN(1) Logical "1" Input Voltage Vee = 5V 3.5 V 
Vee = 10V 8 V 

VIN(O) Logical "0" Input Voltage Vee = 5V 1.5 V 
Vee = 10V 2 V 

VOUT(1) Logical "1" Output Voltage Vee=5V, 10= -10 p.A 4.5 V 
Vee = 10V, 10= -10 p.A 9 V 

VOUT(O) Logical "0" Output Voltage Vee= 5V, 10= + 10 p.A 0.5 V 
Vee = 10V, 10= + 10 p.A 1 V 

IIN(1) Logical "1" Input Current Vee = 15V, VIN= 15V 0.005 1 p.A 

IIN(O) Logical "0" Input Current Vee= 15V, VIN=OV -1 -0.005 _p.A ___ 

Icc Supply Current Vee = 15V 0.1 600 p.A 

CMOS/TTL INTERFACE 

VIN(1) Logical "1" Input Voltage 54C Vee = 4.5V Vee- 1.5 V 
74C Vee = 4.75V Vee- 1.5 V 

VIN(O) Logical "0" Input Voltage 54C Vee = 4.5V 0.8 V 
74C Vee = 4.75V 0.8 V 

VOUT(1) Logical "1" Output Voltage 54C Vee = 4.5V, 10= -1.6 rnA 2.4 V 
74C Vee=4.75V, 10= -1.6 rnA 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C Vee = 4.5V, 10=1.6mA 
0.4 V 

74C Vee = 4.75V, 10=1.6mA 

OUTPUT DRIVE (See 54C174C Family Characteristics Data Sheet) (Short Circuit Current) 

ISOUReE Output Source Current Vee=5V, VOUT=OV -4 -6 rnA 
(P·Channel) TA=25·C -1.8 rnA 

IsouReE Output Source Current Vee=10V, VOUT=OV -16 -25 rnA 
(P·Channel) TA=25·C -1.5 rnA 

ISINK Output Sink Current Vee=5V, VOUT=Vee 
5 8 rnA 

(N·Channel) TA=25·C 

ISINK Output Sink Current Vee=10V, VOUT=Vee 
20 30 rnA 

(N·Channel) TA=25·C 

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. 
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AC Electrical Characteristics * T A = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tAee Access Time from Address Vee = 5V 450 900 ns 
Vee = 10V 200 400 ns 

tpd Propagation Delay from CE3 Vee = 5V 360 700 ns 
Vee = 10V 120 300 ns 

tpeE1 Propagation Delay from CE1 or CE2 Vee = 5V 250 700 ns 
Vee = 10V 85 200 ns 

tSA Address Setup Time Vee = 5V 200 80 ns 
Vee = 10V 100 30 ns 

tHA Address Hold Time Vee = 5V 50 15 ns 
Vee = 10V 25 5.0 ns 

twE Write Enable Pulse Width Vee = 5V 300 160 ns 
Vee = 10V 150 70 ns 

teE CE3 Pulse Widths Vee = 5V 400 200 ns 
Vee = 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 

CPO Power Dissipation Capacity (Note 3) 400 pF 

AC Electrical Characteristics* CL = 50pF 

MM54C200 MM74C200 
Symbol Parameter Conditions TA= -55°C to + 125°C TA= -40°C to +85°C Units 

Min Max Min Max 

tAee Access Time from Address Vee = 5V 1200 1100 ns 
Vee = 10V 520 480 ns 

tpd Propagation Delay from CE3 Vee = 5V 950 850 ns 

Vee = 10V 400 360 ns 

tpdeE1 Propagation Delay from Vee = 5V 650 600 ns 
CE1orCE2 Vee = 10V 300 275 ns 

tSA Address Setup Time Vee = 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 

teE Disable Pulse Width Vee = 5V 500 460 ns 

Vee = 10V 250 230 ns 

tHO Data Hold Time Vee = 5V 50 50 ns 
Vee = 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 guaranteed by periodiC testing. 

Note 3: CpO determines the no load AC power consumption of any CMOS device. For complete explanation see 54C174C Family Characteristics application note, 
AN-90. 
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Switchiny Time Waveforms 

ADDRESS 
INPUT 

DATA 
IN 

ADDRESS 
INPUT 

DATA 
IN 

Read and Write Cycles Using CE3 (CE1 = CE2 = logic 0) 

~--------~------------------------------------v~ 

\_-- -----------------------DV 

r------------------v~ 

'----------------DV 

r-------v~ 

~-------,-----------------DV 

r-------- v~ 

j '----------,--------------ov 

-:'"'r-- ___ ---::;:E-_------~- v~ 
- TninATE - "-----DV 

TLIF/5903-3 

Read and Write Cycles Using CE3 and CE1 (or CE2) 

~ ;I~--------------------------v~ 

1--------DV 
r---------,------------------------------v~ 

----------DV 

---------------v~ 

~-------------DV 

r------V~ 

I ~---_J-----------DV 

I IV~ 
TRI-STATE ~. -I .", ------~'-------=-:~ 

__ _ __ _ _ _ _ _ _ ___ _______________________________________________ DV 
TRI-STATE 

TL/F/5903-4 

Note: Used for fast access time in bused systems. 
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~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. 

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

Address Operation: Address inputs must be stable (tSA) 
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 twE and data must remain stable tHD after WE 
returns high. 

Read Operation: Data is nondestructively read from a 
memory location by an address operation with WE held 
high. 

Logic Diagrams 

Features 
• Supply voltage range 
• High noise immunity 
• TTL compatible fan out 
• Input address register 
• Low power consumption 

• Fast access time 
• TRI-STATE outputs 
• High voltage inputs 

OINt ~OUTt 0 IN! 0 OUT! OINl OOUTl OlN4 OOUT4 

TL/F/5914-1 
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3.0V to 5.5V 
0.45VCC (typ.) 

1 TTL load 

250 nW /package (typ.) 
(chip enabled or disabled) 

250 ns (typ.) at 5.0V 

Input Protection 
Vee 

TL/F/5914-2 



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 (Vee) 

Distributors for availability and specifications. MM54C910 4.5 5.5 V 

Voltage at Any Output Pin -0.3V to Vee +0.3V 
MM74C910 4.75 5.25 V 

Voltage at Any Input Pin -0.3V to + 15V Temperature (T A) 
MM54C910 -55 +125 °C 

Power Dissipation MM74C910 -40 +85 QC 
Dual-In-Line 700mW 
Small Outline 500mW 

Operating Vee Range 3.0Vto 5.5V 

Standby Vee Range 1.5Vto 5.5V 

Absolute Maximum (Vee) 6.0V 

Lead Temperature (T d 
(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 

VIN(1) Logical "1" Input Voltage Full Range Vee - 1.5 V 

VIN(O) Logical "0" Input Voltage Full Range 0.8 V 

IIN(1) Logical "1" Input Current VIN = 15V 0.005 2.0 p.A 
VIN = 5V 0.005 1.0 p.A 

IIN(O) Logical "0" Input Current VIN = OV -1.0 -0.005 p.A 

_ __ Jl:OUT(lL_ LogLc~lI ~'1"9utpu1 V~ltage __ ---'0==-=150_p.A __ _ __ Vee - 0.5_ V --
-

10 = -400 p.A 2.4 V 

VOUT(O) Logical "0" Output Voltage 10 = 1.6mA 0.4 V 

loz Output Current in High Vo = 5V 0.005 1.0 p.A 
Impedance State Vo = OV -1.0 -0.005 p.A 

Icc Supply Current Vee = 5V 5.0 300 p.A 

AC Electrical Characteristics * T A = 25°C, Vee = 5.OV, CL = 50 pF 

Symbol Parameter Min Typ Max Units 

tAee Access Time from Address 250 500 ns 

tpd Propagation Delay from ME 180 360 ns 

tSA Address Input Set-Up Time 140 70 ns 

tHA Address Input Hold Time 20 10 ns 

!ME Memory Enable Pulse Width 200 100 ns 

!ME Memory Enable Pulse Width 400 200 ns 

tso Data Input Set-Up Time 0 ns 

tHO Data Input Hold Time 30 15 ns 

!WE Write Enable Pulse Width 140 70 ns 

tlH, tOH Delay to TRI-ST ATE (Note 4) 100 200 ns 

CAPACITANCE 

CIN Input Capacity 
5.0 pF 

Any Input (Note 2) • COUT Output Capacity 
9.0 pF 

Any Output (Note 2) 
I 

CPO Power Dissipation Capacity 
350 pF 

(Note 3) 
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AC Electrical Characteristics* (Continued)TA = 25·C, Vee = 5.0V, CL = 50 pF 

MMS4C910 MM74C910 

Symbol Parameter 
TA = -SS·C to + 12S·C TA = -40·Cto +8S·C 

Units Vee = 4.SV to S.SV Vee = 4.7SV to S.2SV 

Min Max Min Max 

tAee Access Time from Address 860 700 ns 

tpd1, 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 

tso Data Input Set·Up Time 0 0 ns 

tHO 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: CPO determines the no load AC power consumption for any CMOS device. For complete explanation see 54C174C Family Characteristics application note 
AN·9O. 

Note 4: See AC test circuits for tlH, toH. 

Typical Performance Characteristics Truth Table 
Typical Access Time vs ME WE Operation Outputs 
Ambient Temperature 

L L Write TRI·STATE 
450 

400 L H Read Data 

350 
,-' 

H L Inhibit, Store TRI·STATE 

! 300 
4.5~ ,'" ,-' 

H H Inhibit, Store TRI·STATE 
~~ 5'!,..' ~"'I""" ... 

250 ::E ... 10-'" ... i.5V ;:: 

; 200 ~ 

150 
c 

100 

50 

0 
-55 -25 5 35 85 85 125 

FREE AIR TEMPERATURE ,OC) 

TLlF/5914-4 

AC Test Circuits 
tOH t1H 

Vee Vee 
) 

~RL -LcL 

002 003 

-LcL ~RL :R RL • L 

~T T 002 003 

~CL l'C
L 

':" ~ 

Vee ~ V) ~ "* RL .lCL 

001 DOC 

-LcL : RL • ~RL .:RL . T T~ 
-LCL 

001 DOC 

-LCL 

~ ':" ':" ':d=' 

~ -:r TL/F/5914-6 

TLlF/5914-5 
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AC Test Circuits (Continued) 

J" 

Switching Time Waveforms 

All Other AC Tests 

002 DOl 

001 004 

Read Cycle 
(See Note 1) 

vcc----h~----'" 
MEMORY 
ENABLE 

VCC------__ 

ADDRESS -
INPUT 

T" 

TL/F/5914-7 

WRiTE 
ENABLE 

VCC-----JV~U71~~~~tr---_r-------­

MEMORY 
ENABLE 

ADDRESS 
INPUT 

iiAi'A 
lmT 

TRI.STATE® CONDITION --------------
Write Cycle 
(See Note 1) 

VCC----~-~--------~ 

VCC-------'" 

VCC ----------'" 
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Switching Time Waveforms (Continued) 

Read Modify Write Cycle 
(See Note 1) 

Vee---f-... ----_ 
flE1lIIliV 
ENABLE 

ADDRESS 
INPUT 

Vee------. 

~ Vee 
IrtlT 

LATCHED ADDRESS 

WifiTE Vee qtm 
ENABLE 

-- t~D 
Vee X ----

DATA IN ___ _ 

TL/F/5914-10 

tOH 

m VO: j"VCO 

VCO~TRI"AT'" DATA 
OUT 

o -.-
0.1 Vee 

TL/F/5914-11 

Veer m: 0 0.5 Vee 

~-i 
DATA 

OUT 
Vee \::Tvee 

o --- TRI,sTATE® 

TL/F/5914-12 

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

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

Connection Diagram 
Dual-In-Llne Package 

WIIlTE' fmrnrV 
Vee D OUT3 D IN3 D IN4 D OUT4"lRUU rom Ae AD 

118 17 16 15 14 13 12 11 10 

r-- -

1 2 3 4 5 6 7 8 
1

9 

D DUn D IN2 D INI D OUT1 AB AA AF AE GND 

TL/F/5914-3 

Top View 
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Order Number MM54C910· or MM74C910· 

'Please look into Section 8, Appendix 0 
for availability of various package types. 



~National 
~ Semiconductor 
MM54C989/MM74C989 
64-Bit (16 x 4) TRI-STA'TE® 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 tSA pri­
or to the positive to negative transition of memory enable. It 
is thus not necessary to hold address information stable for 
more than tHA 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. 

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 
c Wide supply voltage range 

Il Guaranteed noise margin 
[J High noise immunity 
[J Low power TTL 

compatibility 
D Input address register 
IJ Low power consumption 

3.0V to 5.5V 
1.OV 

0.45 Vee (typ.) 
Fan out of 2 

driving 74L 

Write Operation: Information present at the data inputs is . -- [J . Fast access time---

250 nW/package (typ.) 
@Vee= 5V 

140 ns-(typ.) at Vee = 5V 
written into the memory at the selected address by bringing IJ TRI-STATE output 
write enable and memory enable low. 

Logic and Connection Diagrams 

WiiiTl 
ENABLE 

MEMORY 
ENABlE 

INPUT A 

INPUTS 

INPUTC 

INPUT. 

DATA om DATA om DATA om DATA om 
INPUT I i!iffPiifT INPUT2 OUTPun INPUT 3 OUTPun INPUH DUTrUH 

Tl/F/5925-1 
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Dual-In-Llne Package 

ADDRESS I 
INPUT A 

MmUJ!Y 2 
rnm 

wmn: 3 
rnm 

DATA 4 
INPUT! 

IlAn 5 
lJlITroT 1 

DATA & 
INPUT2 

DATA 1 
mPUTz 

GND 

Top View 

15 ADDRESS 
INPUT B 

14 ADDRESS 
-INPUTC 
13 ADDRESS 

INPUT D 
12 DATA 

INPUT4 
11 IlAn 

lJlITroT 4 
10 DATA 

INPUT 3 
9 Im'lI 

GUmlT3 

Tl/F/5925-2 

Order Number 
MM54C989* or MM74C989* 

'Please look into Section 8, Appendix D 
'for availability of various package types. 



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 (Vee) 

Distributors for availability and specifications. MM54C989 4.7 5.5 V 

Voltage at Any Pin -0.3V to Vee + 0.3V 
MM74C989 4.75 5.~5 V 

Power Dissipation Temperature (T p.) 

Dual-In-Line 700mW 
MM54C989 -55 +125 ·C 

Small Outline 500mW MM74C989 -40 +85 ·C 

Absolute Maximum Vee 7.0V Operating Vee Range 3.mt!N 

Lead Temperature (TtJ Standby Vee Range 1.ffil!N 

(Soldering, 10 seconds) 260·C 

DC Electrical Characteristics MM54C989/MM74C989 
MinIMax limits apply across the temperature and power supply range indicated 

Symbol Parameter Conditions Min Typ Max Units 

VIN(1) Logical "1" Input Voltage Vee - 1.5 V 

VIN(O) Logical "0" Input Voltage 0.8 V 

IIN(1) Logical "1" Input Current VIN = 5V 0.005 1 /-LA 

IIN(O) Logical "0" Input Current VIN = OV -1 -0.005 /-LA 

VOUT(1) Logical "1" Output Voltage 10 = -360/-LA 2.4 V 
10 = -150/-LA Vee - 0.5 V 

VOUT(O) Logical "0" Output Voltage 10 = 360/-LA 0.4 V 

loz Output Current in High Impedance State Vo = 5V 0.005 1 /-LA 
Vo = OV -1 -0.005 /-LA 

lee Supply Current Active (Note 1)* ME = OV, 
0.05 150 /-LA 

Vee = 5V 

lee Supply Current (Stand-By) ME = 5V 3 /-LA 

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

AC Electrical Characteristics* MM54C989/MM74C989 
TA = 25·C, Vee = 5V, CL = 50 pF 

Symbol Parameter Min Typ Max Units 

tAee Access Time from Address 140 500 ns 

tpo Propagation Delay from ME 110 360 ns 

tSA Address Input Set-Up Time 140 30 ns 

tHA Address Input Hold Time 20 15 ns 

tME Memory Enable Pulse Width 200 80 ns 

!ME Memory Enable Pulse Width 400 100 ns 

tso Data Input Set-Up Time 0 ns 

tHO Data Input Hold Time 30 20 ns 

!wE Write Enable Pulse Width 140 70 ns 

t1H, tOH Delay to TRI-STATE, CL = 5 pF, RL = 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 

CPO 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: CPO 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: T A = - 55°C to + 125°C, Vee = 4.5V to 5.5V, CL = 50 pF 
MM74C989: TA = -40°C to + 85°C, Vee = 4.75V to 5.5V, CL = 50 pF 

Symbol Parameter 
MM54C989 MM74C989 

Units 
Min Max Min Max 

tAee Access Time from Address 500 620 ns 

tp01, tpoo 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 

tso Data Input Set·Up Time 0 0 ns 

tHo Data Input Hold Time 60 50 ns 

twE: Write Enable Pulse Width 220 180 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: CPO 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:SeeAC test circuit for tlH, toH. - - ------ --- -------- - ---------- -- ------ -----

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 t1H All Other AC Tests 

vee 
~ 

~ ~ - .. • OUTPUT .~ -L IffifIiUf 
:: 10k 

DAn 
10k:~ T 5.0pF 1" 50" 

OUTPUT ~ ":" 
- .... 5.0 pF 

T 
TL/F/5925-4 

TL/F/5925-5 

TL/F/5925-3 
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Switching Time Waveforms 

MEMORY 
ENABLE 

ADDRESS 
INPUT 

Read Cycle (Note 1)* 

Vee----+_---_ 

Vee------, 

ItIDilI1iV Vee 
ENABLE 

Write Cycle (Note 1)* 

Vee-------... 
ADDRESS 

INPUT 

_Vee 
WRITE 

ENABLE 

l!ID 
Vee--------_ 

1iUT TRI-STATe@ CONDITION 0-------------
TLlF/5925-6 

u:m; 
!flIT 

Read-Modify-Write Cycle (Note 1)* 

ADDRESS 
INPUT 

Vee-----_ 

I!ln Vee 

D"UT 

LATCHED ADDRESS 

Wii'ifE vee----------------.q~ 
ENABLE 

~'I-DA~: vee ____________ --JX ________ ~ 
TL/F/5925-8 

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

Note 2: tr = tf = 20 ns for all inputs. 
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TL/F/5925-7 

tOH 

TL/F/5925-9 

~ ': ,,,1e 
I!ln Vee 0.1 Vee 

D"UT a --- TRI·STATE@ 

TL/F/5925-10 



~National 
~ Semiconductor 
NMC2147H 4096 x 1-Bit Static RAM 

General Description Features 
• All inputs and outputs directly TTL compatible 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. 

• Static operation-no clocks or refreshing required 

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 liD applications. 

Block Diagram* 

AD 

AI 

tl ({)_ID_<JL_ 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

• Automatic power-down 
• High-speed-down to 35 ns access time 
• TRI-ST ATE® 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 

Logic Symbol * 

~VCC 

~vss 

DIN(DI 

°aUT(O) 
A7 

AI 

A9 

AID 

Al1 B WE 
DIN(DI (SI (WI 

Y Y 
TL/D/5257-2 

COUT(O) 

~~~'LL~~}-________ ~~~~~~ __ ~ __ ~ __ ~ ____ ~ Connection Diagram* 

Pin Names* 
AO-A11 
WE(W) 
CS(S) 

DIN (D) 
DOUT(Q) 

Vee 
Vss 

Al1 AID A9 

Address Inputs 
Write Enable 
Chip Select 
Data In 
Data Out 
Power (5V) 

Ground 

AI A7 AS 

TLlD/5257-1 

Order Number NMC2147HJ-1, 
NMC2147HJ-2, NMC2147HJ-3, 

or NMC2147HJ-3L 
See NS Package Number J18A 

·The symbols in parentheses are proposed industry standard. 
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Dual-In-Line Package 

AD 

AI 

A2 

A3 

A4 

A5 

DaUT(Q) 7 

WE(W)B 

vss 

TLlD/5257-3 

Top View 



Absolute Maximum Ratings Truth Table* 
If Military! Aerospace specified devices are required, 

CS WE DIN DOUT contact the National Semiconductor Sales Office! Mode Power 
Distributors for availability and specifications. (S) (W) (D) (Q) 

Voltage on Any Pin Relative to VSS -3.5Vto +7V H X X Hi-Z Not Selected Standby 

Storage Temperature Range - 65·C to + 150·C L L H Hi-Z Write 1 Active 

Power Dissipation 1.2W L L L Hi-Z Write 0 Active 

DC Output Current 20mA L H X DOUT Read Active 

Bias Temperature Range -65·C to + 135·C 

Lead Temperature (Soldering, 10 sec.) 300·C 

DC Electrical Characteristics TA = O·Cto +70·C, vcc = 5V ± 10% (Notes 1 and 2) 

NMC2147H-1 

Symbol Parameter Conditions NMC2147H-3L NMC2147H-2 NMC2147H Units 
NMC2147H-3 

Min Max Min Max Min Max 

IILlI Input Load Current VIN = OV to 5.5V, VCC = Max 10 10 10 p.A 
(All Input Pins) 

IILOI Output Leakage CS = VIH, VOUT = GND to 4.5V, 50 50 50 p.A 
Current VCC = Max 

VIL Input Low Voltage -3.0 0.8 -3.0 0.8 -3.0 0.8 V 

VIH Input High Voltage 2.0 6.0 2.0 6.0 2.0 6.0 V 

VOL Output Low Voltage IOL = 8.0mA 0.4 0.4 0.4 V 

VOH Output High Voltage IOH = -4.0mA 2.4 2.4 2.4 V 

ICC Power Supply VIN = 5.5V, TA = O·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 VCC = VSS to VCC Min, 30 40 30 mA 
Current CS = Lower of VCC or VIH Min 

Capacitance TA = 25·C, f = 1 MHz (Note 3) 

Symbol Parameter Conditions Min Max Units 

CIN Address/Control Capacitance VIN = OV 5 pF 

COUT 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 ,...s time delay after vee 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 GNDt03.0V DoUT 5V 

Input Rise and Fall Times 5 ns 
( () 

Input Timing Reference Level 1.5V 
:= mil Output Timing Reference Level (H-1) 1.5V 4 

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

Output Load See Figure 1 4~ 30 pF 

4=3oon _ .... (INCLUDING 
4 -~ SCOPE AND 

FIXTURE) 

~ 
TL/O/5257-4 

FIGURE 1. Output Load 
'Symbols in parentheses are proposed industry standard. 
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Read Cycle AC Electrical Characteristics TA = o·c to 70·C, VCC := 5V ± 10% (Note 1) 

Symbol NMC2147H-1 NMC2147H-2 
NMC2147H-3 

NMC2147H 
Parameter 

NMC2147H-3L 
Units 

Alternate Standard Min Max Min Max Min Max Min Max 

tAC 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 
35 45 55 70 

(Notes 4) 
ns 

tlZ TSLQX Chip Select to Output Active 
5 5 10 10 

(Note 5) 
ns 

tHZ TSHQZ Chip Deselect to Output 
0 30 0 30 0 30 0 30 

TRI-STATE (Note 5) 
ns 

tOH TAXQX Output Hold from Address 
5 5 5 5 

Change 
ns 

tpu TSLIH Chip Select to Power-Up 0 0 0 0 ns 

tpD 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) 180 180 180 125 160 

Standby Current (IS8-mA) 30 30 30 20 20 

Read Cycle Waveforms* 

Read Cycle 1 (Continuous Selection CS = VIL, WE = VIH) 
IRC - ITAVAVI I 

ADDRESS * IAA 
(TAVQV) I 

DATA DUT "" 
tOH J 

I'"XU''' 

TL/O/5257 -5 

Read Cycle 2 (Chip Select Switched, WE = VI H) (Note 4) 

IRC 
(TAVAV) 

Ciiiffiillf ~ -,1[ 

lACS - 1HZ 
(TSLQV) I (TSHDZ) 

I---(T~t~X) --l 

"'" DATA OUT 
HIGH IMPEDANCE 

DATA VALID -#- HIGH IMPEDANCE 

'" '" ----'----t ~~'" " ~ I- (TSHIL)'" 

5D% SUPPLY 60% 
CURRENT ISS 

TL/O/S2S7-6 

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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Write Cycle AC Electrical Characteristics TA = O°C to 70°C, VCC = 5V ± 10% (Note 1) 

Symbol NMC2147H-1 NMC2147H-2 
NMC2147H-3 

NMC2147H 
Parameter NMC2147H-3L Units 

Alternate Standard Min Max Min Max Min Max Min Max 

twe TAVAV Write Cycle Time 35 45 55 70 ns 

tew 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 
0 0 0 0 

TAVWL 
ns 

twp TWLWH Write Pulse Width 20 25 25 40 ns 

tWR 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 
0 20 0 25 0 25 0 35 

TRI-STATE (Note 5) 
ns 

tow TWHQX Output Active from End 
0 0 0 0 

of Write (Note 5) 
ns 

Write Cycle Waveforms * (Note 6) 

Write Cycle 1 (Write Enable Limited) 

twc 
(TAVAV) 

ADDRESS j~ ''l. 
~~ -

tcw 
(TSLWH) 

RTrnrnT~ ~~ J~ ~ 
tAW twR 

tAS 
\: AVIV"' twp \TVV"AA/ 

\TAVVVLI (TWLWH) 

mJm[l ~~~ J'-

tDW tDH 
(TDVWH) (TWHDX) 

DATA IN ) J( 

- (r:~ZI- 1-r- rlWHQX) 

DATA OUT 
, HIGH IMPEDANCE 

TL/D/5257-7 
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Write Cycle Waveforms* (Note6) 

WRITE ENABLE 

DATA IN 

DATA OUT 

Write Cycle 2 (Chip Select Limited) 

DATA UNDEFINED 

tcw 
ITSLWH) 

HIGH IMPEDANCE 

TL/D/5257-8 

Note 6: The output remains TAI·STATE if the CS and WE go high simultaneously. WE or CS or both must be high during the address transitions to prevent an 
erroneous write. 

"Th9symbols in parentheses are proposed industry standard. 

6-75 



~National 
D Semiconductor 
NMC2148H 1024 x 4-Bit Static RAM 
General Description Features 
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. 

• All inputs and outputs directly TTL compatible 
• Static operation-no clocks or refreshing required 

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. 

Block Diagram * 

AI 0-----1 

AS~----I 

A4~----f 

AI~IS ___ -I 

11 
A'~----f 

A7o.;.;l7 ___ -I 

1104 1\ 
(OQ41 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

COLUMN 110 CIRCUITS 

• Automatic power-down 
• High-speed-down to 45 ns access time 
• TRI-STATE® output for bus interface 

• Common data 1/0 pins 
• Single + 5V supply 
• Standard 18-pin dual-in-line package 

Logic Symbol* 

.,..l!.ovcc 

+-.lovss 
A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 

1101 
(DOl) 

TL/D17404-3 

Connection Diagram* 

WI (WI O';'---'I--... --r"""'""'l-_____________ _____ 

Pin Names· 
Address Inputs 
Write Enable 
Chip Select 

AO-A9 
WE(W) 
CS(S) 
1/01-1/04 
(001-004) 
VCC 
VSS 

Data Input/Output 

Power (5V) 

Ground 

TL/D/7404-1 

Order Number NMC2148HJ-L, 
NMC2148HJ-3L, NMC2148HJ, 

NMC2148HJ-2 or NMC2148HJ-3 
See NS Package Number J18A 

·Symbols In parentheses are proposed Industry standard. 
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Dual-In-Llne Package 

18 
A6 vee 

A5 17 A7 

A4 16 A8 

15 
A3 A9 

AD 
141101 

(Dol) 

AI 
13 1/02 

(DD21 

A2 
12 1/03 

(DQ3) 

CS(!I 11 1104 
(DQ41 

vss 10 m(tl 

TL/D17404-2 

Top View 



Absolute Maximum Ratings Truth Table 
If Military/Aerospace specified devices are required, 

CS WE I/O Mode Power contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. H X Hi-Z Standby Standby 

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 DOUT Read Active 

DC Output Current 20mA 

Power Dissipation 1.2W 

Lead Temperature (Soldering, 10 sec.) 300°C 

DC Electrical Characteristics TA = O°C to + 70°C, VCC = 5V ± 10% (Notes 1 and 2) 

NMC2148H·L 
NMC2148H 

Symbol Parameter Conditions NMC2148H·3L 
NMC2148H·2 

Units 
NMC2148H·3 

Min Max Min Max 

IILlI Input Load Current VIN = OV to 5.5V, 10 10 Jl.A 
(All Input Pins) VCC = Max 

IILOI Output Leakage Current CS = VIH, VOUT = GND to 4.5V, 50 50 Jl.A 
VCC = Max 

VIL Input Low Voltage -2.5 0.8 -2.5 0.8 V 

VIH Input High Voltage 2.1 6.0 2.1 6.0 V 

-VOL Output Low Voltage 10L =8.0mA- - ------------ -- -- -- -

0.4 
-----

-0~4-- --V-

VOH Output High Voltage 10H = -4.0mA 2.4 2.4 V 

ICC Power Supply Current VIN = 5.5V, TA = O°C, 125 180 rnA 
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 

Iiosl Output Short Circuit Current VOUT = GND to VCC 250 250 rnA 

Capacitance TA = 25°C, f = 1.0 MHz (Note 3) 

Symbol Parameter Conditions Min Max Units 

CIN Address/Control Capacitance VIN = OV 5 pF 

CliO Input/Output Capacitance VIIO = 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 JLs time delay after vee 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 
Dour 5V 

Input Test Levels GNDt03.0V ) ( 

Input Rise and Fall Times 5 ns 
: 4800 Input Timing Reference Level 1.5V ~ 

Output Timing Reference Levels 0.8V and 2.0V 4~ 

Output Load See Figure 1 • 30 pF 
2550: q (INCLUDING 'CO" 

~ AND FIXTURE) 

TL/D17404-4 

FIGURE 1. Output Load 
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Read Cycle AC Electrical Characteristics TA = O·Cto +70·C, vcc = 5V ±10% (Note 1) 

Symbol NMC2148H·2 
NMC2148H·3 NMC2148H 

Parameter NMC2148H·3L NMC2148H·L Units 

Alternate Standard Min Max Min Max Min Max 

tRC TAVAV Read Cycle Time 45 55 70 ns 

tAA TAVQV Address Access Time 45 55 70 ns 

tACS1 TS LQV 1 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 

tLZ TSLQX Chip Select to Output Active (Note 7) 20 20 20 ns 

tHZ TSHQZ Chip Deselect to Output TRI·ST ATE (Note 7) 0 20 0 20 0 20 ns 

tOH TAXQX Output Hold from Address Change 5 5 5 ns 

tpu TSLIH Chip Select to Power-Up 0 0 0 ns 

tpD 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 (IS8-mA) 30 30 30 20 20 

Read Cycle Waveforms* 
Read Cycle 1 (Continuous Selection CS = VIL, WE = VIH) 

IRC - ,'''YAY, I 
ADDRESS I 

IAA 
(TAVOVI I 

DATADUT 'n.T ,llO ~ DATA VALID 

IOH1-l -(TAXOXI 

TL/D17404-5 

Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 4) 

IRC 
(TAVAVI 

CHIP SELECT 1 ~ ,'l 

lACS - \" 1HZ (TSlOVI I -(TSHOZI 
IlZ -I 

DATA OUT 
(TSlOXI 

DATA VALID 
T 

HIGH IMPEDANCE + HIGH IMPEDANCE 

I r' IPD 

- In"," 1 vcc ICC ________ (TSlIHI 

50% SUPPLY 50% 
CURRENT ISS 

TL/D/7404-6 

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. 
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Write Cycle AC Electrical Characteristics TA = O°C to + 70°C, VCC = 5V ± 10% (Note 1) 

Symbol NMC2148H·2 
NMC2148H·3 NMC2148H 

Parameter NMC2148H·3L NMC2148H·L Units 

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 0 0 ns 

twz TWLQZ Write Enable to Output TRI-STATE (Note 7) 0 15 0 20 0 25 ns 

tow TWHQX Output Active from End of Write (Note 7) 0 0 0 ns 

Write Cycle Waveforms* (Note 8) 

Write Cycle 1 (Write Enable Limited) 

twc - -

- --- -- -- -- (TAVAV) 

ADDRESSjE ~~ 
j~ -

tcw 
(TSlWH) 

CHiPSEIID~ ~~ 7~ ~ 
tAW t"~~~l\)--

tAS 
tIAVVVM) 

twp 
(TAVWl) (TWlWH) 

WRITE ENABLE )~ \ 7"-
tDW tDH 

(TDVWH) (TWHDX) 

DATA IN ~~ 1f 
1-(~~tZ)-- I-i- ;fWHQX) 

-'k"- HIGH IMPEDANCE 
DATA OUT ~~ 

Tl/D17404-7 
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:J: 
co 
:!: Write Cycle Waveforms* (Note 8) (Continued) 
N 
~ Write Cycle 2 (Chip Select Limited) 

Z 

DATA IN 

DATA OUT 

tcw 
(TSLWH) 

__________________ -J.~--------------~'------------

DATA UNDEFINED 
HIGH IMPEDANCE 

------------------------------~~ 
TLlD/7404-B 

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

'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 NM1600INM1601 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. 

Functional Block Diagram 

Features 
• Fast address access times: 25 ns/30 ns/35 ns (maxi­

mum) 
• Enable read access faster than address access 
• Minimum write cycle time, including moderate system 

timing skews, equal to minimum read cycle time 
• No internal clocks-high speed achieved without 

address transition detection circuitry 
• All inputs and outputs directly TIL compatible 
• Separate data input and TRI-STATE® output 
• Available in 22-pin DIP, PDIP or LCC 
• Low power dissipation (data retention NM1601) 

ICCOR = 50 IlA Max. (2.0V ::;: VOR ::;: 3.0V) 
• Data retention supply voltage NM1601: 

2.0V to 5.5V 

MSB-----------.~ LSB 
A13 A12 All A4 A3 A2 A14 Al 

w--.-01 
E~~--01 

D 

en en 
a:: eJ .... 

~ 
~ 

~ ~ 
~ >-a:: a:: ~ c C 

a:: .... a:: a:: .... a:: 
-< :z -< -< z -< 
". :::i ". ". :::i ". 
10 

C 
10 ~ C ~ a:: a:: 

0 0 ;c ;c 

COLUMN I/O CIRCUITS 

COLUMN DECODERS 

AD A15 AID A9 AS A7 A6 A5 

MSB-----------+~ LSB 
WRITE 
ENABLE 

OUTPUT 
ENABLE 

6-81 

Q 

TLlD/9676-4 

z 
3: 
""'" en 
o 
o 
......... z 
3: 
""'" en 
o 
""'" 



.... 
o 
CD .... 
::E z ....... 
o 
o 
CD .... 
::E 
z 

Absolute Maximum Ratings Recommended Operating 
If Military I Aerospace specified devices are required, Conditions T A = O'C to + 70'C 
contact the National Semiconductor Sales Office I 

Min Max Units Distributors for availability and specifications. 
Input HIGH Voltage (VIH) 2.2 Vee + 0.5 V 

Voltage on Any Inpllt or Output Pin 
with Respect to Vss - 2V to Vee + 2V Input lOW Voltage (VIU -1* 0.8 V 

Storage Temperaure - 65'C to + 150'C All voltages are referenced to Vss pin = OV. 

Operating Temperature O'Cto +70'C 
·The device will withstand undershoots to - 3V of 20 ns duration. 

Power Dissipation 1.0W 
This device contains circuitry to protect the inputs 

Continuous Output Current 25mA against damage due to high static voltages or electric 
Average Input or Output Current 25mA fields; however, it is advised that normal precautions be 

(Averaged over any 1 ,..,s time interval) taken to avoid application of any voltage higher than 
Note: Stresses greater than those listed under "Absolute maximum rated voltages to this high·impedance circuit. 
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. 

AC Electrical Characteristics T A = O'C to + 70'C, Vee = VeeMAx to VeeMIN 

Symbol 
NM1600-25/255 NM1600-30 NM1600-35 

No. Parameter NM1601-25/255 NM1601-30 NM1601-35 Units 

Standard Alternate Min Max Min· Max Min Max 

READ CYCLES 

1 TAVAX TRC Address Valid to Address Invalid 
25 30 35 ns 

(Read Cycle Time) 

2 TAVQV TAA Address Valid to Output Valid 
25 30 35 ns 

(Address Access Time) (Note 5) 

3 TAXQX TOH Address Invalid to Output Invalid 
5 5 5 ns 

(Output Hold Time) 

4 TElEH TRC Chip Enable lOW to Chip Enable 
22 27 30 ns 

HIGH (Note 6) 

5 TElQV TACS Chip Enable lOW to Output Valid 
22 27 30 ns (Chip Enable Access Time) (Note 6) 

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 
0 0 0 ns 

Supply Current (Note 4) 

9 TEHISB TPD Chip Enable HIGH to 
25 27 30 ns 

Standby Current (Note 4) 

Timing Waveforms 
Read Cycle 1 

TAVAX(l) 

A (ADDRESS) X X X X X ADDRESS VALID -JxxxxxXXXXXXX 
TAVQV(2) !==1 TAXQX(3) 

.1 
o (DATA OUT) PREVIOUS XXXXXXXXXXXXXXXXXXXXXXX~ DATA VALID "'XXXXXXXX DATA 

I 'I 
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 T A = O·C to + 70·C, vcc = VCCMAX to VCCMIN (Continued) 

Symbol 
NM1600-25/255 NM1600-30 NM1600-35 

No. Parameter NM1601-25/255 NM1601-30 NM1601-35 Units 

Standard Alternate Min Max Min Max Min Max 

WRITE CYCLE 1 

10 TAVAX TWC Address Valid to Address Invalid 
25 30 35 

(Write Cycle Time) 
ns 

11 TWLEH TWP Write LOW to Chip Enable HIGH 
19 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

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 

(Write Pulse Width) (Notes 7 & 10) 
ns 

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 TWLOZ TWZ Write LOW to Output High Z 
(Write Enable to Output Disable) 0 9 0 12 0 12 ns 
(Note 9) 

19 TWHOX 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) -'I( ""l 

TELQV(S) -==1 -TEHQZ(7)-

Q (DATA OUT) XXXXXXXXXXXXXXXXXXXXX~ DATA VALID ~HIGH-Z-
TELQX(6)~_ I 

~1EH5B(9)1 I. - if TEUCC(8) 
Icc (SUPPLY CURRENT) :----------

TL/D/9676-B 

Where address is valid a minimum of 5 ns prior to E becoming active (LOW). W = HiGH. 
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AC Electrical Characteristics T A = O°C to + 70°C, VCC = VCCMAX to VCCMIN (Continued) 

Symbol 
NM1600-25/255 NM1600-30 NM1600-35 

No. 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 

(Address Setup) (Notes 7 & 8) 
ns 

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 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

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 

Care (Data Hold) (Notes 7 & 12) 
ns 

Timing Waveforms (Continued) 

Write Cycle 1 

TAVAX(10) 

A (ADDRESS) X X X X X it ADDRESS VALID -l XXXXXXXXXXXX 

TWLEH(ll) 

E (CHIP ENABLE) \ \ \ \ \ \ \\. !IIJ IIIIIIIIIIII - -TWHAX(13) 
TAVWH(12) 

Vi (WRITE ENABLE) ~ 

TWLWH(14) 
-,VIIIIIIIIIIIIII 

TAVWL(15) C TDVWH(16)-= 
-TWHDX(17) 

D (DATA IN) XXXXXXXXXXX XXXXXXXXXX. DATA VALID XXXXXXXXXXXXXX 
I---TWLOZ(18)~ -+ f--T\YHOX(19) 

o (DATA OUT) PREVIOUS XxxxxxxxXXXXXX DATA XXXXXXXXXXXT)(}-HIGH-Z-

TL/D/9676-9 

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 
observance of TWLQZ to avoid data bus contention in common 110 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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DC Electrical Characteristics T A = O·C to + 70·C 

NM1600-25/255 NM1600-30 NM1600-35 
Symbol Parameter Conditions NM1601-25/255 NM1601-30 NM1601-35 Units 

Min Max Min Max Min Max 

III Input Leakage Vss ~ VIN ~ Vee ±2 ±2 ±2 J.LA Current 

IlO Output Leakage E = VIHorW = Vil 
±10 ±10 ±10 J.LA Current Vss ~ Your ~ Vee 

Icc Dynamic Operating Min Read Cycle Time 
Supply Current Duty Cycle = 100% 90 90 80 mA 

Output Open 

IS81 Standby Supply E = VIH. (Note 1) 
25 25 25 mA 

Current 

IS82 Full Standby I NM1600 (Note 2) 15 15 15 
mA 

Supply Current I NM1601 (Note 2) 5 5 5 

VOL Output LOW Voltage IOl = 8.0mA 0.4 0.4 0.4 V 

VOH1 Output HIGH Voltage IOH1 = -4.0 mA 2.4 2.4 2.4 V 

VOH2 Output HIGH Voltage IOH2 = -0.05 mA Vee - 0.4 Vee - 0.4 Vee - 0.4 V 

Vee Supply Voltage Except Data -25 
Retention Mode 4.5 5.5 

4.5 5.5 4.5 5.5 V 
-255 

--- - --- I - --- - --- - -- --- --- -- -

4.75 5.5 

Timing Waveforms (Continued) 

Write Cycle 2 

TAVAX(10) 

A (ADDRESS) XXXXX':l ADDRESS VALID -:l XXXXXXXXXXXX 

TElEH(21) 

E (CHIP ENABLE) l- ":11/ IIIIIIIIIIII 
TAVEL(20)- I- - -TEHAX(22) 

TAVEH(23) 

Vi (WRITE ENABLE) \\'\'\\ 
TELWH(24) 

~IIIIIIIIIIIII 

. t= TDVEH(25)~ -TEHDX(26) 

o (DATA IN) XXXXXX XxxxxxXXXXXXXXX. DATA VALID ':l XXXXXXXXXXXXXX 
I 

Q (DATA OUT) HIGH-Z '"' - f mlCC(8) "'--TEHIS'(9)---=L 
Icc (SUPPLY CURRENT) ~------------

TL/D/9676-10 

This write cycle Is I: controlled, where W Is active (LOW) prior to, or coincident with, 1: 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 1/0 applications. 
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Data Retention Characteristics (NM1601 only) T A = O'C to + 70'C, VCC = 2.0V to 5.5V 

No. Symbol Parameter Conditions Min Max Units 

27 VOR Vcc Voltage for Data Vcc - 0.2V::;;: E::;;: +5.5V 
Retention Vcc - 0.2V ::;;: VIN ::;;: + 5.5V or 2.0 5.5 V 

Vss - 0.2V ::;;: VIN ::;;: Vss + 0.2V 

28 ICCOR Data Retention Current VOR = 3.OV I TA = O'Cto +70'C 
(Note 14) 

VOR = 2.0V I 
50 

/J-A 
35 

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

ns o 

30 TR Recovery Time 
(Notes 4 & 13) 

ns 

Data Retention Waveform 

i-------OATA RETENTION t.lOOE-------I 

\"VCC_M_I_N _______ V.o.OR_:!:_2_.0_V _______ V_cc_MoIi _-_ -T-R'=-:"- - - - - - - - - V
OR -TCOR- ,~ 

~ ~ 

II +5.5V:!:[:!:VOR -2.0V / '\. 
E (CHIP ENABLE) -----1'£ 2.2V "'----------------------- 2.2V~,,--

TL/D/9676-15 

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

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Vce -0.2V !S: E !S: Vee +0.2V, and all other inputs, 
(including the data inputs) at steady state and satisfying one of two conditions: Either, Vee -0.2V !S: VIN !S: Vee +0.2V or VSS -0.2V !S: VIN !S: VSS + 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 Vee 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 Vii 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 Vii) becomes LOW (active). The timing of the first signal (Vii 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 VOH of VOL 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 Vii becomes LOW (active) to the time of the first of E or Vii 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 Vii transitions HIGH (inactive). The timing of the second signal (Vii or E) to transition HIGH (inactive) is a Don't Care. 

Note 13: TAVAX = Read Cycle Timing. 

Note 14: leeDR is tested with VIN = OV or 5.5V. 
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Connection Diagrams 

22-Pln OIP (J) and POIP (N) 

AO 22 Vee 
AI 21 AI5 

A2 20 AI4 

A3 19 AI3 

A4 18 AI2 

A5 N1.f1600/ 17 All NI.f1601 
A6 16 AIO 

A7 15 A9 

Q 14 A8 

Vi 10 13 D 

Vss 11 12 E 

TL/D/9676-1 

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 0220* or N22B* 

·Call factory for package outlines and dimensions. 

Logic Symbol 
AO 
AI 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

Al0 
All 
A12 
AI3 
A14 
A15 

Nt.41600/ 
14 Nt.41601 
15 
16 
17 
18 
19 
20 

21 10 12 

13 

Q 

TLlD/9676-3 
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22-Pln LCC (E) 

:c 0 l::l~ 
-0: > -0: 

A2 20 AU 

A3 19 A13 

A4 18 A12 

A5 Nt.41600/ 17 All NI.f1601 
A6 16 AIO 

A7 15 A9 

Q 14 A8 

TLlD/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 

Ao-A15 Address Inputs 

E Chip Enable 

IN Write Enable 

D Data Input 

Q Data Output 

Vee Power (5.0V) 

Vss Ground (OV) 

z 
:s: ...... 
m 
C) 
C) ...... 
z 
:s: ...... 
m 
C) ...... 
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AC Test Conditions (Notes 3 & 11) 

Input Pulse Levels OV to 3.0V 

Input Rise and Fall Times 3 ns 

Input and Output Reference Levels 1.5V 

Output Load (See Figures 1 and 2) 

Capacitance (Note 4) 

Symbol Parameter 

Input Capacitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation 

AQ 
C = AV where AV = 3V. 

+5V 

.~480n 

Dour - .. - ..... 

30 pF·; r: : ~ 255n 

----== 

Max Units 

6 pF 

7 pF 

TL/D/9676-5 

FIGURE 1. Output Load 

STANDARD TIMING PARAMETER ABBREVIATIONS 

TXXXX 

"gna' nom. '",m whl,h ,n ..... ". d.fln.d---.llil 
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: 

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. 

Truth Table 
Mode E W D Q 

Standby H X X HIGHZ 

Read L H X 0 

Write L L D HIGHZ 

HIGH Z = High impedance 

D = Valid data bit 

X = Don't care 

+5V 

480n 

Dour-"-~ 

5
P"L'25SA 

-== 
·including scope and Jig. 

Power Level 

Standby 

Active 

Active 

TL/D/9676-6 

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 \SSSS\SS\S\ IZZZZZZZZZI 
TL/D/9676-12 TL/D/9676-13 TLlD/9676-14 

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

General Description 
The 1600Al1601A is a 65,536-bit fully-static, asynchronous, 
random access memory organized as 65,536 words by 1-bit 
per word. The 1600Al1601A is based on an advanced, iso­
planar, oxide-isolation CMOS process. The process utilizes 
fully-implanted CMOS technology with sub-2 micron design 
rules and tantalum silicide gate electrodes for high perform­
ance. The combination of this high-performance technolo­
gy, and speed-optimized circuitry results in a very high­
speed memory device. 

The 1601A is identical to the 1600A with the additional fea­
ture of power down for low power battery backup applica­
tions. 80th parts are processed in full compliance with MIL­
STD-883. 

Functional Block Diagram 

Features 
• Fast address access times: 30 ns/35 ns/45 ns/55 nsf 

70 ns (maximum) 
• Enable read access faster than address access 
• 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 
• Separate data input and TRI-STATE® output 
• Available in 22-pin DIP or LCC 
• Single + 5V Operation (± 10%) 
• Low power dissipation (data retention 1601A): 

ICCOR = 5 /-LA Max. (VOR = 2.0V), leCDR = 
8 /-LA Max. (VOR = 3.0V) @ 25°C 

• Data retention supply voltage 1601 A: 
2.0V to 5.5V 

• Polyamide die coat for alpha immunity 

MSB ~ LSB 

Vi 
E 

A13 A12 All A4 A3 A2 A14 Al 

Vl Vl 

f5 f5 
>- ~ i ~ ~ ~ ~ 0 0 

ei ... ei ... ei z -< Z 
.Yo :::; .Yo ". :::; ". 

'" ~ '" '" ~ '" 
0 0 
~ ~ 

AO 

MSB----------+~ LSB 
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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 Vss 
Storage Temperature 

Operating Temperature 

Power Dissipation 

Continuous Output Current 

-2.0V to Vee +2V 
- 65·C to + 150·C 

- 55·C to + 125·C 

1.0W 

Average Input or Output Current 
(Averaged over any 1 p,s time interval.) 

25mA 

25mA 

Thermal Resistance 
8 Side-Brazed DIP 
8JC LCC 

15·C/W 
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. 

6-90 

Recommended Operating 
Conditions Te = -55·Cto + 125·C 

Supply Voltage (Vee) 
Input HIGH Voltage (VI H) 
Input LOW Voltage (VIU 

Min Typ Max 
4.5 5.0 5.5 
2.2 Vee +0.5 
-p 0.8 

All Voltages are referenced to Vss pin = OV. 

Units 
V 
V 
V 

·The device will meet -1 V 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. 



AC Electrical Characteristics Te = -55·Cto + 125·C, Vee = 5.0V ± 10% 

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

No. Parameter 1601A-30 1601A-35 1601A-45 1601A-55 1601A-70 Units 

Standard Alternate Min Max Min Max Min Max Min Max Min Max 

READ CYCLES 

1 TAVAX TRC Address Valid to Address Invalid 
30 35 45 55 70 

(Read Cycle Time) 
ns 

2 TAVQV TM Address Valid to Output Valid 
30 35 45 55 70 

(Address Access Time) (Note 5) 
ns 

3 TAXQX TOH Address Invalid to Output Invalid 
5 5 5 5 5 

(Output Hold Time) 
ns 

4 TELEH TRC Chip Enable LOW to Chip 
27 30 40 50 50 

Enable HIGH (Note 6) 
ns 

5 TELQV TACS Chip Enable LOW to Output Valid 
27 30 40 50 50 

(Chip Enable Access Time) (Note 6) 
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 0 20 ns 
(Notes 4 & 9) 

_ 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 
27 30 40 50 50 

Standby Current (Note 4) 
ns 

Timing Waveforms 
Read Cycle 1 

TAVAX(1) 

A (ADDRESS) XXXXX-l ADDRESS VALID -ll-X X X X X X X X X X X x 
TAVQV(2) 

I 
!:::=1 TAXQX(3) 

Q (DATA OUT) PREVIOUS 
XXXXXXXXXXXXXXXXXXXXXXX~ DATA VALID ~XXXXXXXX DATA 

I I 
TLlD/9677-7 

Access Is under address control where E is active prior to or within 5 ns of address change. W = VIH. 

Read Cycle 2 

TELEH(4) 

E (CHIP ENABLE) "J 

TELQV(5) 
-TEHOZ(7)-

I 
Q (DATA OUT) XXXXXXXXXXXXXXXXXXXXX. DATA VALID )-HIGHZ-

TELQX(6) -:-I. I 

-1£H~'(9)=L-I. - f TEL~C(') 
ICC (SUPPLY CURRENT) :----------

TL/D/9677-B 

Access is under E control where address is valid a minimum of 5 ns prior to E becoming active. W = VIH. address remains valid at least TELQV after E transitions 
LOW. 
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AC Electrical Characteristics Te = -55°C to + 125°C, Vee = 5.0V ± 10% (Continued) 

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

No. Parameter 1601A-30 1601A-35 1601A-45 1601A-55 1601A-70 Units 

Standard Alternate Min Max Min Max Min Max Min Max Min Max 

WRITE CYCLE 1 

10 TAVAX TWC Address Valid to Address Invalid 
30 35 45 55 70 

(Write Cycle Time) 
ns 

11 TWLEH TWP Write LOW to Chip Enable HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
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 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
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 0 12 0 12 0 15 0 18 0 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) X X X X X-lt- ADDRESS VALID xxxxxxxxxxxx 
TWLEH(11) 

E (CHIP ENABLE) \ \ \ \ \ \ ~\. -;""/// 1//////////// - I-TWHAX(13) 
TAVWH(12) 

Vi (WRITE ENABLE) r 
TWLWH(14) 

1~/ / / / / / / / / / / / / / / 
TAVWL(15) - I-TWHDX(17) . C TDVWH(16}-

o (DATA IN} XXXXXXXXXXX XXXXXXXXXX:* DATA VALID -l XXXXXXXXXXXXXX 

I---TWLOZ(18}~ - --TWHOX(19} 

o (DATA OUT) PREVIOUS XXXXXXXXXXXXXX DATA XXXXXXXXXXXXXJ-HIGH-Z-

TL/D/9677-9 

This write cycle is Vii controlled, where E is active (LOW) prior to Vii becoming active (LOW). In this write cycle the data out may become active, requiring 
observance 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 Vii becomes 
inactive (HIGH) prior to E becoming inactive (HIGH). 
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AC Electrical Characteristics Te = -55°C to + 125°C, Vee = 5.0V ± 10% (Continued) 

Symbol 
1600A·30 1600A·35 1600A·45 1600A·55 1600A·70 

No. Parameter 1601A·30 1601A·35 1601A·45 1601A·55 1601A·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 

(Address Setup) (Notes 7 & 8) 
ns 

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 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
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 

---- - ----- Care (Data Hold) (Notes 7 & 12) 
---- - - - ns 

Timing Waveforms (Continued) 

Write Cycle 2 

TAVAX(10) 

A (ADDRESS) X X X X X ~I- ADDRESS VALID -:ltXXXXXXXX xxx x 
TELEH(21) 

E (CHIP ENABLE) ~ Jr.II; fill IILII ILLI 
TAVEL(20)- ~ - f-TEHAX(22) 

TAVEH(23) 

Vi (WRITE ENABLE) \\\\\ 
TELWH(24) 

TIILIIIL/ILLLI 
_ t= TDVEH(25)--= 

J-TEHDX(26) 

D (DATA IN) XXXXXX~ XXXXXXXXXXXXXXX* DATA VALID ~f X X X X X X X X X X X X X X 
I 

a (DATA OUT) HIGH- Z \" -f TELlCC{B) -TEHISB(9)==L 
Icc (SUPPLY CURRENT) ~------------

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 1/0 applications. 
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DC Electrical Characteristics Te = -55°C to + 125°C, Vee = 5.0V ± 10%, Vss = 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 

III Input Leakage Vss :s: VIN :s: Vee 
Current ±2 ±2 ±2 ±2 ±2 IJ-A 
(except DO) 

ILO Output Leakage E = VIH or W = VIL ±10 ±10 ±10 ±10 ±10 IJ-A Current (DO) Vss :s: VOUT :s: Vee 

Icc Dynamic Operating Min Read Cycle Time 
Supply Current Duty Cycle = 100% 105 90 80 80 80 mA 

Output Open 

IS81 Standby Supply E = VIH, (Note 1) 
25 25 25 25 25 mA 

Current 

1582 Full Standby 
1600A (Note 2) 15 15 15 15 15 

Supply 
Current mA 

1601A (Note 2) 5 5 5 5 5 

VOL Output LOW IOL = 8.0mA 
0.4 0.4 0.4 0.4 0.4 V 

Voltage 

VOH Output HIGH IOH = -4.0mA 
2.4 2.4 2.4 2.4 2.4 V 

Voltage 

VOH Output HIGH IOH = -0.05 mA 
Vee- O.4 Vee-O.4 Vee- O.4 Vee- O.4 Vee-O.4 V 

Voltage 

Data Retention Characteristics Te = -55°Cto +125°C, Vee = 2.0Vto5.5V 

No. Symbol Parameter Conditions Min Max Units 

27 VOR Vee Voltage for Data Vee -0.2V:S: E:S: +5.5V 
Retention Vee -0.2V :s: VIN :s: +5.5Vor 2.0 5.5 V 

Vss -0.2V :s: VIN :s: Vss +0.2V 

28 leeOR Data Retention Current VOR = 2.0V Te = -55°C to +25°C 5 IJ-A 

T e = - 55°C to + 125°C 200 IJ-A 
(Note 14) VOR = 3.0V Te = -55°C to + 25°C 8 IJ-A 

Te = -55°C to + 125°C 400 IJ-A 

29 TCDR Chip Disable to Data 
0 

Retention Time (Note 4) 
ns 

30 TR Recovery Time (Notes 4 & 13) TAVAX ns 

Data Retention Waveform 

DATA RETENTION MODE 

Vee 
~.5V 

VDR~2.0V 
4.5; 

-TCDR- ~-TR~- - - - - - - - - VDR 

(29) (30) 

E (CHIP ENABLE) 1{2.2V 
+S.5V ~ E ~VDR - 0.2V 

/ 2.2~1\ 
-

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 VIL or VIH levels. 

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Vee -0.2V ~ E ~ Vee +0.2V, and all other inputs, 
(including the data inputs at steady state and satisfying one of two conditions: Either, Vee -0.2V ~ VIN ~ Vee +0.2Vor VSS -0.2V ~ VIN ~ VSS +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 Vee 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 S 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 S ns prior to E transitioning LOW (active) and remain valid at least TELaV 
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 Wand 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 ± SOO mV change from a valid VOH of VOL 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 I.SV 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: leeDR is tested with VIN = OV and VIN = VDR. 

Connection Diagrams 
22-Pin DIP 

AD 22 Vee 
AI AIS 

A2 AU 

A3 A13 

A4 A12 

AS All 

A6 AID 

A7 A9 

Q AS 

Vi 

Vss 

TL/D/9677-1 

Top View 

See NS Package Number D22D* 

Logic Symbol 

AD 13 
AI 
A2 
A3 
A4 AO-A15 
AS 
A6 

E 
A7 IN 
AS 
A9 D 

Al0 
All Q 

A12 
A13 Vee 
A14 
AIS 

Vss 

Vi 
E 

Q TL/D/9677 -3 

Pin Names 

Address Inputs 

Chip Enable 

Write Enable 

Data Input 

Data Output 

Power (5.0V) 

Ground (OV) 

6·95 

22-Pin LCC 
_ 0 

8~ 
-< -< > -< 

A2 A14 

A3 A13 

A4 A12 

AS 
1600A/ 

All ISOlA 
A6 Al0 

A7 A9 

Q 14 AS 

VI 
I~ >VI' .... 

TL/D/9677-2 

Top View 

See NS Package Number E22A * 

Order Number 
1600ADMQB30, 1601 ADMQB30 
1600ADMQB35,1601ADMQB35 
1600ADMQB45,1601ADMQB45 
1600ADMQB55,1601ADMQB55 
1600ADMQB70, 1601ADMQB70 
1600ALMQB30, 1601ALMQB30 
1600ALMQB35, 1601ALMQB35 
1600ALMQB45, 1601ALMQB45 
1600ALMQB55, 1601ALMQB55 

1600ALMQB70 or 1601ALMQB70 

-For most current package information, contact 
product marketing. • 
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AC Test Conditions (Notes 3 & 11) 

Input Pulse Levels OV to 3.0V 
Input Rise and Fall Times 3 ns 

Input and Output Reference Levels 1.5V 

Output Load (See Figures 1 and 2) 

Capacitance (Note 4) 

Symbol Parameter 

Input CapaCitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation. 

C = aQ where a V = 3V aV 

+5V 

: '(Bon 

DOUT-.... - .. 

30 pF'.::: r: : ~ 255n 

~ 

-== 

Max Units 

6 pF 

7 pF 

TL/D/9677-5 

FIGURE 1. Output load 

STANDARD TIMING PARAMETER ABBREVIATIONS 

TXXXX 

.Ignol nom. , ..... whl,h In •• ..,.II. d •• n'd~ III 
transition direction for first signal 

signal nome to which Interval Is defined 
transition direction for second signal 

TL/D/9677 -11 

The transition definitions used In this data sheet aru: 
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. 

Truth Table 
Mode E W D Q Power level 

Standby H X X HIGHZ Standby 

Read L H X 0 Active 

Write L L 0 HIGHZ Active 

HIGH Z - High Impedance 

D = Valid data bit 

X .. Don't care 

+5V . 
• 0480n 

DOUT--+-..... 
5 pF'.::: r: : 255n 

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 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 \SSSSSSSSS\ IIZZ2ZZ7IZI 
TL/D/9677 -12 TL/D/9677 -13 TL/D/9677 -14 

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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~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. 

Functional Block Diagram 

Features 
• Fast address access times: 25 ns/30 ns/35 ns (maxi­

mum) 
• Enable read access faster than address access 
• Minimum write cycle time, including moderate system 

timing skews, equal to minimum read cycle time 
• No internal clocks-high speed achieved without ad-

dress transition detection circuitry 
• All inputs and outputs directly TTL compatible 
• Common I/O (TRI-STATE® output) 
• Available in 22-Pin DIP, PDIP or LCC 
• Low power dissipation (data retention F1621). 

ICCOR = 35 /LA maximum (VOR = 2.0V) 
ICCOR = 50 /LA maximum (VOR = 3.0V) 

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

I.4SB----------+_ LSB 

w-.... -a 
E----4~-a 

DOD DATA 
DOl INPUT 
002 --HI-+--1 CONTROL 
003 --HI-++-I 

WRITE 
ENABLE 

OUTPUT 
ENABLE 

All AID A9 A4 A3 A2 Al2 Al 

en en 
c::: c::: 
L..I ~ 

~ 
~ 

~ 
>- >-c::: ~ 

c::: < c::: c c c::: 
c::: L..I c::: c::: L..I c::: 
< z < < z < .... ::; .... .... ::; .... 
U) 

c 
U) :e c :e 

c::: c::: 
0 0 
~ ~ 

COLUt.lN DECODERS 

AD Al3 AS A7 AS AS 

I.4SB-----------+ LSB 
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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 VSS 

Storage Temperature 

Operating Temperature 

Power Dissipation 

Continuous Output Current Per Output 

Average Input or Output Current 

-2.0V to Vee +2V 
- 65·C to + 150·C 

O·Cto +70·C 

1.0W 

25mA 

25mA 
(Averaged over any 1 p.s time interval.) 

Recommended Operating 
Conditions T A = o·C to + 70·C 

Input HIGH Voltage (VIH) 
Input LOW Voltage (VIU 

Min 
2.2 
-p 

All Voltages are referenced to Vss pin = OV. 

Max 
Vee +0.5 

0.8 

·The device will withstand undershoots to - 3.0V of 20 ns duration. 

Units 
V 
V 

6-98 

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. 



AC Electrical Characteristics T A = o·e to + 70·C, vcc = VCCMAX to VCCMIN 

Symbol 
NM 1620-25/255 NM1620-30 NM1620-35 

No. Parameter NM1621-25/255 NM1621-30 NM1621-35 Units 

Standard Alternate Min Max Min Max Min Max 

READ CYCLES 

1 TAVAX TRC Address Valid to Address Invalid 
25 30 35 

(Read Cycle Time) 
ns 

2 TAVOV TAA Address Valid to Output Valid 
25 30 35 

(Address Access Time) (Note 5) 
ns 

3 TAXOX TOH Address Invalid to Output Invalid 
5 5 5 

(Output Hold Time) 
ns 

4 TELEH TRC Chip Enable LOW to Chip 
27 30 

Enable HIGH (Note 6) 
22 ns 

5 TELOV TACS Chip Enable LOW to Output Valid 
22 27 30 

(Chip Enable Access Time) (Note 6) 
ns 

6 TELOX TLZ Chip Enable LOW to Output Low Z 
(Chip Enable to Output Active) 5 5 5 ns 
(Note 4) 

7 TEHOZ 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 ~I!ip En~ble LOW to Operating 
-0 0 0-- -- ~-----

~-- ---- .. ----- .. ns-
Supply Current (Note 4) 

9 TEHISB TPD Chip Enable HIGH to 
25 27 30 

Standby Current (Note 4) 
ns 

Read Cycle 1 

I TAVAX(l) I 
A (ADDRESS) X X X X X"- ADDRESS VALID "-XXXXXXXXXXXX 

I TAVOV(2) 5 TAXOX(3) 

o (DATA OUT) PREVIOUS 
xxxxxxxxxxxxxxxxxxxxxxx~ DATA VALID "il-XXXXXX DATA 

I I 
TlID/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 

TELEH(4) 

E (CH IP ENABLE) 

TELOV(S) -==l I--TEHOZ(7)i 

o (DATA OUT) XXXXXXXXXXXXXXXXXXXXX~ DATA VALID HIGH-Z-

TELQX(6) r--:--J. I 

I--TEHISB(9)~ Icc - f TELICC(S) 
Icc (SUPPLY CURRENT) -----------

Iss 

TL/D/9678-8 

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 TElaV after E 
transitions lOW. 

• I 
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AC Electrical Characteristics T A = O·C to + 70·C, vcc = VCCMAX to VCCMIN (Continued) 

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 

WRITE CYCLE 1 

10 TAVAX TWC Address Valid to Address Invalid 
25 30 35 

(Write Cycle Time) 
ns 

11 TWLEH TWP Write LOW to Chip Enable HIGH 
19 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

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 

(Write Pulse Width) (Notes 7 & 10) 
ns 

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 TWLOZ TWZ Write LOW to Output High Z 
(Write Enable to Output Disable) 0 9 0 12 0 12 ns 
(Note 9) 

19 TWHOX 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) X X X X X ADDRESS VALID xxxxxxxxxxxx 

TWLEH(II) 

E (CHIP ENABLE) \ \ \ \ \ \ i\\. ~/IJ rill IIIIII II/ ... !-TWHAX(13) 
TAVWH(23) 

iN (WRITE ENABLE) 
I+-TWLWH(14) 

~r.111 1// / / / / / / / / / 
TAVWL(IS) - -TWHDX(17) C TDVWH(16)-

D (DATA IN) X x x x x x x x x x x XXXXXXXXXX .... DATA VALID 'XXXXXXXXXXXXXX 

I--TWLQZ(18)~ - --TWHQX(19) 

Q (DATA OUT) ~R~iM XXX xxxx xx DATA XXxxxxxXXXXXfl-HIGH-Z-

TL/D/9678-9 

W controlled, where E is active (LOW) prior to W becoming active (LOW). In this write cycle the data bus DO may become active (0), requiring observance of 
TWLOZ to avoid data bus contention. At the end of the write cycle the data bus may become active (0) if W becomes inactive (HIGH) prior to E becoming inactive 
(HIGH). 

6-100 



AC Electrical Characteristics T A = O·C to + 70·C, vcc = VCCMAX to VCCMIN (Continued) 

Symbol 
NM 1620-25/255 NM1620-30 NM1620-35 

No. Parameter NM1621-25/255 NM1621-30 NM1621-35 Units 

Standard Alternate Min Max Min Max Min Max 

WRITE CYCLE 2 

20 TAVEL TAS Address Valid to Chip Enable LOW 
0 0 0 

(Address Setup) (Notes 7 & 8) 
ns 

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 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

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) - --- - -- -- --- ---

Write Cycle 2 

TAVAX(10) 

A (ADDRESS) ""J..M: ADDRESS VALID xx xxxx 

TELEH(21) 

E (CHIP ENABLE) fill IIIIIIIIIIII 
TAVEL(20)- I- - -TEHAX(22) 

TAVEH(23) 

W (WRITE ENABLE) \\\\\ 
TELWH(24) 

.~IIIIIIIIIIIII 

r-TDVEH(25)-= . t TEHDX(26) 

o (DATA IN) X x x x x x XXXXXXXXXXXXXXXt DATA VALID txxxxxxxxxxxxxx 
I I 

Q (DATA OUT) HIGH-Z 
Icc - f TELICC(S) _TEHISB(9)~ 

ICC (SUPPLY CURRENT) ;-----------

TL/D/9678-10 

This write cycle is E controlled, where IN 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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DC Electrical Characteristics T A = O'C to + 70'C, vss = OV 

NM 1620-25/255 NM1620-30 NM1620-35 
Symbol Parameter Conditions NM1621-25/255 NM1621-30 NM1621-35 Units 

Min Max Min Max Min Max 

III Input Leakage Vss ::;; VIN ::;; Vee 
±2 ±2 ±2 IJ-A 

Current (Except DO) 

ILO Output Leakage E = VIH or W = VIL 
±10 ±10 ±10 IJ-A 

Current (DO) Vss ::;; VOUT ::;; Vee 

lee Dynamic Operating Min Read Cycle Time 
Supply Current Duty Cycle = 100% 120 100 90 mA 

Output Open 

IS81 Standby Supply E = VIH, (Note 1) 
25 25 25 mA 

Current 

IS82 Full Standby INM1620 (Note 2) 15 15 15 
mA 

Supply Current I NM1621 5 5 5 

VOL Output LOW Voltage IOL = 8.0 mA 
0.4 0.4 0.4 V 

All Outputs Under Load 

VOH1 Output HIGH Voltage IOH1 = -4.0 mA 
2.4 2.4 2.4 V 

All Outputs Under Load 

VOH2 Output HIGH Voltage IOH2 = -0.05 mA Vee -0.4 Vee -0.4 Vee -0.4 V 

Vee Supply Voltage Except Data ·25 
Retention Mode 4.50 5.5 

4.5 5.5 4.5 5.5 V 
·255 

4.75 5.5 

Data Retention Characteristics (NM1625 only) T e = o·c to + 70'C, Vee = 2.OV to 5.5V 

No. Symbol Parameter Conditions Min Max Units 

31 VOR Vee Voltage for Data Vee -0.2V::;; E::;; +5.5V 
Retention (Note 15) Vee -0.2V ::;; VIN ::;; + 5.5V or 2.0 5.5 V 

Vss -0.2V ::;; VIN ::;; Vss + 0.2V 

32 leeoR Data Retention Current VOR = 2.OV I T A = O'C to + 70'C 35 
IJ-A 

(Note 14) VOR = 3.0V I TA = O'Cto +70'C 50 

33 TCDR Chip Disable to Data 
0 

Retention Time (Note 4) 
ns 

30 TR Recovery Time 
TAVAX 

(Notes 4 & 13) 
ns 

Data Retention Waveform 
DATA RETENTION MODE 

Vee 
.... ~eeMIN 

VOR~2.0V 
VccMjf-

i TCDR
-

- ---------------V~ 

V1H 

r-TR~ (33) (34) 

E (CHIP ENABLE) ?ZZZl' , S.SV ~ E ~ VOR -O.2V I \\\\1 
V1L 

TL/D/967B-15 
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Note 1: Standby supply current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid VIL or VIH levels. 

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Vee -0.2V s: E s: Vee + 0.2V, and all other inputs, 
(including the data inputs) at steady state and satisfying one of two conditions: Either, Vee -0.2V s: VIN s: Vee +0.2Vor VSS -0.2V s: VIN s: VSS +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 Vee 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 Wand 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 VOH of VOL 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: leCOR is tested with VIN = OV and VIN = VOR. 

Note 15: VIN applies to all inputs other than E and DOO-D03. Input conditions for DOO-D03 are VSS -0.2V s: DO s: Vss +0.2V or Vee -0.2V s: DO s: 
Vee +0.2V. 

Connection Diagrams 

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

AO Vee 
Al A13 

A2 A12 

A3 All 

A4 
Nt.l1620/ 

Al0 

A5 Nt.l1621 A9 

A6 D03 

A7 D02 

A8 DOl 

10 DOO 

Vss 11 Vi 

TL/O/967B-l 

Top View 

Order Number NM1620J25, 
NM1620J255, NM1620J30, NM1620J35, 
NM1620N25, NM1620N255, NM1620N30, 
NM1620N35, NM1621J25, NM1621J255, 
NM1621J30, NM1621J35, NM1621N25, 

NM1621N255, NM1621N30 or NM1621N35 
See NS Package Number 0220* or N22B* 

22-Pin LCC (E)--

A2 3 A12 

A3 4 19 All 

A4 5 
NM1620/ 

18 Al0 

A5 Nt.l1621 17 A9 

A6 7 16 D03 

A7 8 15 D02 

A8 9 14 DOl 

TL/D/967B-2 

Top View 

Order Number 
NM1620E25, NM1620E255, NM1620E30, 
NM1620E35, NM1621E25, NM1621E255, 

NM1621E30 or NM1621E35 
See NS Package Number E22A * 

·Call factory for current package outlines and dimensions. 
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Logic Symbol 

AO 
A1 
A2 14 DQO 
A3 
A4 
A5 15 DQ1 
A6 Nt.t1620/ 

A7 Nt.t1621 

AS 16 DQ2 
A9 

A10 
A11 17 DQ3 
A12 
A13 

Vi 
TL/D/967B-3 

AC Test Conditions (Notes 3 & 11) 

Input Pulse Levels 

Input Rise and Fall Times 

OVto3.0V 

3 ns 

Input and Output Timing Reference Levels 1.5V 

Output Load (See Figures 1 and 2) 

Capacitance (Note 4) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation. 

C = AQ where A V = 3V 
AV 

+5V 

DOUT - ... - ..... 

30 prt 

Max Units 

6 pF 

7 pF 

Ao-A13 

E 

W 

DOO-D03 

Vee 

Vss 

Truth Table 
Mode E 

Standby H 

Read L 

Write L 

HIGH Z = High Impedance 

D = Valid data in 

X = Don't care 

Q = Valid data out 

Pin Names 

Address Inputs 

Chip Enable Bar 

Write Enable Bar 

Data Inputs/Outputs 

Power ( + 5.0V) 

Ground (OV) 

W OQx Power Level 

X HIGHZ Standby 

H 0 Active 

L D Active 

+5V 

DOUT - ... - .... 

5prt 

-including scope and jig. 

TLlD/967B-5 

FIGURE 1. Output Load 
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FIGURE 2. Output Load (for 
TEHQZ, TELQX, TWLQZ, TWHQX) 



STANDARD TIMING PARAMETER ABBREVIATIONS 

TXXXX 

.".0' .om. f",m whl'h "'''''0' I. d'fl",d~ III 
transition direction for first signal 

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

TLlD/967B-ll 

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 \SSSSSS\S\\ 12//%////1/ 
TL/D/967B-12 TL/D/967B-13 TL/D/967B-14 

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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.- r-----------------------------------------------------------------------------~ 
N 

~ ~National 
~ D 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 
• Fast address access times: 30 ns/35 ns/45 ns/55 nsf 

70 ns (maximum) 

Functional Block Diagram 

• Enable read access faster than address access 
• 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/O (TRI-STATE!!!» output 
• Available in 22-pin DIP or LCC 
• Single + 5V operation (± 10%) 
• Low power dissipation (data retention 1621): 

ICCOR = 5 p,A max (VOR = 2.0V), ICCOR = 8 p,A max 
(VOR = 3.0V) @ 25°C 

• Data retention supply voltage 1621 2.0V to 5.5V 
• Polyamide die coat for alpha immunity 

t.4SB ~ LSB 
All Al0 A9 A4 A3 A2 A12 Al 

VI VI 
~ ei ..... 

~ 
~ 

~ ~ 
~ 

~ ~ ~ Q 

~ ..... ~ ~ ..... ~ 

'"' :z ~ '"' .:¥ ::i -"" -"" -"" 
~ 0 

co co 
0 

co 
~ ~ 

~ 0 
~ 

000 
001 
002 
003 

Vi WRITE 
E ENABLE 

AD A13 AS A7 A6 AS 

OUTPUT t.4SB ~ LSB 

ENABLE 

TL/D/9680-4 
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~------------------------------------------------------------------------------------------, ~ 

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 VSS 
Storage Temperature 

Operating Temperature 

Power Dissipation 

Continuous Output Current Per Output 

Average Input or Outut Current 

(Averaged Over Any 1 ,..,s Time Interval) 

Thermal Resistance (Junction to Case) 
9JC Side· Braze DIP 
9JCLCC 

-2VtoVee + 2V 
- 65°C to + 150°C 

- 55°C to + 125°C 

1.0W 

±25mA 

±25mA 

15°C/W 
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. 

6-107 

Recommended Operating 
Conditions Te = -55°C to + 125°C 

Min Typ Max 
Supply Voltage (Vee> 4.5 5.0 5.5 
Input HIGH Voltage (VIH) 2.2 Vee + 0.5 
Input LOW Voltage (VIU -1- 0.8 

All voltages are referenced to VSS pin = OV. 

Units 
V 
V 
V 

·The device will meet -1 V or - 50 rnA 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. 

en 
N 
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~ 
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AC Electrical Characteristics Te = 55·Cto + 125·C, Vee = 5.0V ±10% 

Symbol 
1620-30 1620-35 1620-45 1620-55 1620-70 

No. Parameter 1621-30 1621-35 1621-45 1621-55 1621-70 Units 

Standard Alternate Min Max Min Max Min Max Min Max Min Max 

READ CYCLE 

1 TAVAX TRC Address Valid to Address Invalid 
30 35 45 55 70 

(Read Cycle Time) (Note 7) 
ns 

2 TAVQV TAA Address Valid to Output Valid 
30 35 45 55 70 

(Address Access Time) (Note 5) 
ns 

3 TAXQX TOH Address Invalid to Output Invalid 
5 5 5 5 5 

(Output Hold Time) 
ns 

4 TELEH TRC Chip Enable LOW to Chip 
27 30 40 50 50 

Enable High (Note 6) 
ns 

5 TELQV TACS Chip Enable LOW to Output Valid 
27 30 40 50 50 

(Chip Enable Access Time) (Note 6) 
ns 

6 TELQX TLZ (Chip Enable LOW to Output Low Z 
5 5 5 5 5 

(Chip Enable to Output Active) (Note 4) 
ns 

7 TEHQZ THZ Chip Enable HIGH to Output High Z 
(Chip Disable to Output Disable) 0 12 0 15 0 15 0 20 0 20 ns 
(Notes 4 & 9) 

8 TELICC TPU Chip Enable LOW to Operating 
0 0 0 0 0 

Supply Current (Note 4) 
ns 

9 TEHISB TPD Chip Enable HIGH to Standby 
27 30 40 50 50 

Current (Note 4) 
ns 

Timing Waveforms 

Read Cycle 1 

I TAVAX(l) I 
A (ADDRESS) xxxxx~ ADDRESS VALID ..- x 

I TAVOV(2) ~TAXOX(3) 
I 

o (DATA OUT) PREVIOUS XXXXXXXXXXXXXXXXXXXXXXX"- DATA VALID -to Jl Jl Jl Jl Jl Jl X X DATA 
I I 

TL/D/9680-7 

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

Read Cycle 2 

rELEH(4) 

E (CHIP ENABLE) 

rELOV(S) -==:1 -TEHOZ(7)i 

o (DATA OUT) xxXXXXXXXXXXXXXXXXXXX"- DATA VALID HIGH-Z-

Ia: TELOX~ -:--ITELICC(8) 
I 

I--TEHISB(9)~ 
Icc (SUPPLY CURRENT) ----------f 

Iss 

TL/D/9680-8 

Access is under E control where address is valid a minimum of 5 ns prior to E becoming active. W = VIH. address remains valid at least TElaV after E transitions 
lOW. 
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AC Electrical Characteristics Te = 55·Cto + 125·C, Vee = 5.0V ±10% 

Symbol 
1620-30 1620-35 1620-45 1620-55 1620-70 

No. 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 1 

10 TAVAX TWC Address Valid to Address Invalid 
30 35 45 55 70 

(Write Cycle Time) 
ns 

11 TWLEH TWP Write LOW to Chip Enable HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
ns 

12 TAVWH TAW Address Valid to Write HIGH 
22 25 30 35 35 

(Address Setup to End of Write) (Note 7) 
ns 

13 TWHAX TAH Write HIGH to Address Don't Care 
(Address Hold after End of Write) a a a 2 5 ns 
(Notes 7 & 12) 

14 TWLWH TWP Write LOW to Write HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
ns 

15 TAVWL TAS Address Valid to Write LOW 
(Address Setup to Beginning of Write) a 0 a 2 5 ns 
(Notes 7 &8) 

16 TDVWH TDS Data Valid to Write HIGH 
10 12 12 15 15 

(Data Setup to End of Write) (Notes 7 & 12) 
ns 

17 TWHDX TDH Write HIGH to Data Don't Care a a - a -5--- -- -- - -- -- -- --- --- - -ns-
(Data Hold after End of Write) (Note 7 & 12) 

18 TWLQZ TWZ Write LOW to Output High Z 
(Write Enable to Output Disable) a 12 a 12 a 15 a 18 0 20 ns 
(Notes 9 & 4) 

19 TWHQX TOW Write HIGH to Output Don't Care 
5 5 5 5 5 

(Output Active after End of Write) (Note 4) 
ns 

Timing Waveforms (Continued) 

Write Cycle 1 

TAVAX(10) 

A (ADDRESS) X X X X X ADDRESS VALID xxxxxxxxxx 
lWLEN(ll) 

E (CHIP ENABLE) \ \ \ \ \ \ \\. ~I II lllllllllill 
-+ -IWHAX(13) 

TAVWH(12) - lWLWH(l04) 
W (WRITE ENABLE) '-I / / / / / / / / / / / / / / 

TAVWL(15) - -IWHDX(17) C TDVWH(16)-

o (DATA IN) X X X X X X X X X X X xxxxxxxxXXI- DATA VALID -:I 'XXXXXXXXXXXXXX 

I--TWLQZ(18)~ - ~HQX(19) 

Q (DATA OUT) PREVIOUS XXXXXXXXXXXXXX DATA XXXXXXXXXXXXXJ-HIGH-Z-

TL/D/9680-9 
W controlled, where E is active (LOW) prior to W becoming active (LOW). In this write cycle the data bus DO may become active (0), requiring observance of 
TWLOZ to avoid data bus contention. At the end of the write cycle the data bus may become active (0) if W becomes active (HIGH) prior to E becoming inactive 
(HIGH). 
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AC Electrical Characteristics Te = 55°C to + 125°C, Vee = 5.0V ±10% (Continued) 

Symbol 
1620-30 1620-35 1620-45 1620·55 1620-70 

No. 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 

(Address Setup) (Notes 7 & 8) 
ns 

21 TELEH TWP Chip Enable LOW to Chip Enable 
22 25 30 35 35 

HIGH (Write Pulse Width) (Notes 7 & 10) 
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 
22 25 30 35 35 

(Address Setup to End of Write) (Note 7) 
ns 

24 TELWH TWP Chip Enable LOW to Write HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
ns 

25 TDVEH TDS Data Valid to Chip Enable HIGH 
10 12 12 15 15 

(Data Setup to End of Write) (Notes 7 & 12) 
ns 

26 TEHDX TDH Chip Enable HIGH to Data Don't 
0 0 0 2 5 

Care (Data Hold) (Notes 7 & 12) 
ns 

Timing Waveforms (Continued) 

Write Cycle 2 

TAVAX(10) 

A (ADDRESS) X X X X X ADDRESS VALID xxxxxxxxx -
TELEH(21) 

E (CHIP ENABLE) ~/ /1 1/// / / / / / / / / / 
TAVEL(20)-- ~ -- I--TEHAX(22) 

TAVEH(23) 

Vi (WRITE ENABLE) \\\\\ 
TELWH(24) 

T////IIIIIIIII 
C TDVEH(2S)--== . t TEHDX(26) 

o (DATA IN) X X X X X X XXXXXXXXXXXXXXX* DATA VALID *XXXXXXXXXXXXXX 
I I 

Q (DATA OUT) HIGH - Z 
Icc -- f TELlCC(S) _TEHISB(9)===--L 

Icc (SUPPLY CURRENT) ~------------

TlID/9680-10 
This write cycle is E controlled, where Vii 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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DC Electrical Characteristics Te = -55°C to + 125°C, Vee = 5.0V ±10%, Vss = OV 

1620-30 1620-35 1620-45 1620-55 
Symbol Parameter Conditions 1621-30 1621-35 1621-45 1621-55 

Min Max Min Max Min Max Min Max 

III Input Leakage Current Vss ::;; VIN ::;; Vee 
±2 ±2 ±2 ±2 

(Except DO) 

IlO Output Leakage Current E = VIHorW = Vil 
±10 ±10 ±10 ±10 

(DO) Vss ::;; VOUT ::;; Vee 

Icc Dynamic Operating Min Read Cycle Tirne 
Supply Current Duty Cycle = 100% 120 100 90 110 

Output Open 

IS81 Standby Supply Current E = VIH (Note 1) 25 25 25 25 

IS82 Full Standby 11620 (Note 2) 15 15 15 15 
Supply Current 

11621 (Note 2) 5 5 5 5 

VOL Output LOW Voltage IOl = 8.0 rnA. All 
0.4 0.4 0.4 0.4 

Outputs Under Load 

VOH Output HIGH Voltage IOH = -4.0 rnA. All 
2.4 2.4 2.4 2.4 

Outputs Under Load 

VOH Output HIGH Voltage IOH = -0.05 rnA Vee Vee Vee Vee 
Other Outputs Open -0.4 -0.4 -0.4 -0.4 

f-- --
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1620-70 
1621-70 

Min Max 

±2 

±10 

80 

25 

15 

5 

0.4 

2.4 

Vee 
-0.4 

Units 

,...A 

,...A 

rnA 

rnA 

rnA 

rnA 

V 

V 

V 
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Data Retention Characteristics Te = -55°C to + 125°C, Vee = 2.0Vto5.5V 

No. Symbol 

27 VOR 

28 leeOR 

29 TCDR 

30 TR 

Parameter 

Vee Voltage for Data 
Retention 

Data Retention 
Current (Note 14) 

Chip Disable to Data 
Retention Time (Note 4) 

Recovery Time 
(Notes 4 & 13) 

Conditions 

Vee - 0.2V ~ E ~ + 5.5V 
Vee - 0.2V ~ VIN ~ + 5.5Vor 

Vss - 0.2V ~ VIN ~ Vss + 0.2V 
(Note 15) 

VOR = 2.0V Te = -55°C to +25°C 

Te = -55°C to +125°C 

VOR = 3.0V T e = - 55°C to + 25°C 

T e = - 55°C to + 125CO 

Data Retention Waveform 

i-------DATA RETENTION t.40DE-------i 

~ ~~ 

Min Max Units 

2.0 5.5 V 

5 p.A 

200 p.A 

8 p.A 

400 p.A 

0 ns 

TAVAX ns 

~ \ ~~~ / 

~
_TCDR- "------------------. ~1~~------- ---. VOR 

V
IH 

(29) 

S.SV ~ E ~ VOR -0.2V 
E (CHIP ENABLE) , , 

VIL 

TL/D/9680-1S 
Note 1: Standby current (TTL) Is measured with E HIGH (chip deselected) and inputs steady state at valid VIL or VIH levels. 

Note 2: Full standby supply current (CMOS) Is measured with the enable bar input satisfying the condition. Vee -0.2V ~ E ~ Vee +0.2V, and all other Inputs, 
(including the data inputs at steady state and satisfying one of two conditions. Either Vee -0.2V ~ VIN ~ Vee +0.2V or Vss -0.2V s; VIN ~ Vss +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 Vee 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 TELOV 
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 Wand 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 VOH of VOL 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: lee DR is tested with VIN = OV and VIN = VOR. 

Note 15: VIN applies to all inputs other than E and 000-003. Input conditions for 000-003 are: Vss -0.2V s; DO ~ Vss +0.2Vor Vee -0.2V ~ DO ~ Vee 
+0.2V. 
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Connection Diagrams 

22-Pln DIP 

AO Vee 
AI AI3 

A2 AI2 

A3 All 

A4 AIO 

A5 1620/ A9 1621 
A6 003 

A7 8 D02 

A8 DOl 

10 000 

Vss II Vi 

TlIO/9680-1 

Top View 

NS Package Number 0240* 

Logic Symbol 

AO 13 000 
AI 14 DOl 
A2 15 D02 
A3 16 D03 
A4 S 
AS 6 
A6 7 
A7 8 
A8 9 1620/ 
A9 17 1621 

Al0 18 
All 19 
A12 20 
A13 21 

Vi 
12 

TL/O/9680-3 

22-Pln LCC 

:c 0 ~~ 
-< > -< 

2 I 22 21 

A2 3 20 AI2 

A3 4 19 All 

A4 S AIO 

A5 6 
1620/ 

17 A9 1621 
A6 7 D03 

A7 8 D02 

AS 9 DOl 

TL/O/9680-2 

Top View 

NS Package Number E22A * 

Pin Names 

Ao-A13 Address Inputs 

E Chip Enable Bar 

W Write Enable Bar 

OQO-OQ3 Data Inputs/Outputs 

Vee 

VSS 

Power (+ 5.0V) 

Ground (OV) 

Order Number 
16200MQB30, 16210MQB30, 
16200MQB35,1621DMQB35, 
16200MQB45,1621DMQB45, 
16200MQB55,16210MQB55, 
16200MQB70, 16210MQB70, 
1620LMQB30, 1621 LMQB30, 
1620LMQB35,1621LMQB35, 
1620LMQB45, 1621 LMQB45, 
1620LMQB55,1621LMQB55, 
1620LMQB70, 1621LMQB70 

-For most current package information, contact product marketing. 

AC Test Conditions (Notes 3 & 11) Truth Table 
Input Pulse Levels OV to 3.0V 

Input Rise and Fall Times 3 ns 

Input and Output Timing 
Reference Levels 1.5V 

Output Load (See Figures 1 and 2) 

Capacitance (Note 4) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation 

e = AOwhereAV = 3V t:.v 

Max Units 

6 pF 

7 pF 
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Mode E 

Standby H 

Read L 

Write L 

HIGH Z = High impedance 
D = Valid data in 
X = Don't care 
0= Valid data out 

W OQx Power Level 

X HIGHZ Standby 

H Q Active 

L 0 Active 

0') 
I\) 
o 
........ 
~ 

0') 
I\) 
~ 



.- r---------------------------------------------------------------------------------------------~ 
N 
U) .­...... 
o 
N 
U) .-

+5V 

480n. 

DOUT-.... - ... 

30 pF·; :: : ~ 255n. 

-.....-
-:.= 

TL/D/9680-5 

FIGURE 1. Output Load 

STANDARD TIMING PARAMETERS ABBREVIATIONS 

TXXXX 

"gn.' n.m. '.-om whl,h ,nt .... ". d •• n.d~ III 
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. 

+5V 

DOUT-.... - .... 

5 pF·;r:: 

480n. 

255n. 

TLID/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 \SSSS\\S\\\ IIIIOVZO 
TL/D/9680-12 

INVALID or Don't Care. 

TLID/9680-13 

Transition from HIGH to LOW level may occur 
any time during this period. 
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TLID/9680-14 

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



~National 
D Semiconductor 
NM1624/NM1625 
16,384 x 4-Bit Static RAM 

General Description 
The NM1624INM1625 are 65,536-bit fully-static, asynchro­
nous, random access memories organized as 16,384 words 
by 4-bits per word. The NM1624INM1625 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. 

- -Functional Block Diagram 

Features 
• Output enable access times: 10 ns/12 ns/15 ns 
• Fast address access times: 25 ns/30 ns/35 ns 

(maximum) 
• Enable read access faster than address access 
• Minimum write cycle time, including moderate system 

timing skews, equal to minimum read cycle time 
• No internal clocks-high speed achieved without ad- . 

dress transition detection circuitry 
• All inputs and outputs directly TIL compatible 
• Common I/O (TRI-STATE® output) 
• Available in 24-pin DIP, PDIP, or 28-pin LCC 
• Low power dissipation (data retention NM1625) 

ICCOR = 35 /LA max (VOR = 2.0V), 
ICCOR = 50 /LA max (VOR = 3.0V) 

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

MSB----------.... LSB 
All AIO A9 A4 A3 A2 Al2 Al 

VI VI 
0:: 0:: ..... ..... 

~ 
C!: 

~ ~ 
C!: 

~ 0:: 0:: 
Q Q 

~ ..... ~ 0:: ..... 0:: 
Z "" Z "" loG ::::i loG loG ::::i loG 

~ Q ~ ~ Q ~ 
0:: 0:: 
0 0 
~ ~ 

DOO 
DOl COLUMN I/O 
D02 
D03 COLUt.4N DECODERS 

iN WRITE 
E ENABLE 

OUTPUT MSB -------------... LSB 
G ENABLE 

TL/D/9679-5 
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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 Vss - 2.0V to Vee + 2V 
Storage Temperature 

Operating Temperature 

Power Dissipation 

- 65'C to + 150'C 

Continuous Output Current per Output 

Average Input or Output Current 
(Averaged over Any 1 Ils Time Interval) 

Recommended Operating 
Conditions TA = O'Cto +70'C 

O'Cto +70'C 

1.0W 

25mA 

25mA 

Min Max Units 
Input HIGH Voltage (VIH) 2.2 Vee + 0.5 V 
Input LOW Voltage (VIU -1* 0.8 V 
All voltages are referenced to Vss pin = OV. 

·The device will withstand undershoots to -3.0V of 20 ns duration. 

6-116 

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. 



AC Electrical Characteristics T A = O°C to + 70°C, Vee = Vee MIN to Vee MAX 

Symbol 
NM 1624-25/255 NM1624-30 NM1624-35 

No. Parameter NM 1625-25/255 NM1625-30 NM1625-35 Units 

Standard Alternate Min Max Min Max Min Max 

READ CYCLES 

1 TAVAX TRC Address Valid to Address Invalid 
25 30 35 

(Read Cycle Time) ns 

2 TAVQV TAA Address Valid to Output Valid 
25 30 35 (Address Access Time) (Note 5) ns 

3 TAXQX TOH Address Invalid to Output Invalid 
5 5 5 (Output Hold Time) ns 

4 TELEH TRC Chip Enable LOW to Chip 
22 27 30 Enable HIGH (Note 6) ns 

5 TELQV TACS Chip Enable LOW to Output Valid 
22 27 30 

(Chip Enable Access Time) (Note 6) 
ns 

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 
0 10 0 12 0 15 

(Chip Disable to Output Disable) (Note 9) 
ns 

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 OutputValid-- - -- --10 -

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 Z) 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 

TAVAX(l) 

A (ADDRESS) X X X X X ADDRESS VALID XXXXXXXXXXXX 
TAVOV(2) 

I 
~TAXOX(3) 

o (DATA OUT) PREVIOUS XXXXXXXXXXXXXXXXXXXXXXX. DATA VALID A..XXXXXXXX DATA 
I I TL/D/9679-6 

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

Read Cycle 2 

TELEH(4) 

E (CHIP ENABLE) ~ ,Il 

TELOV(5) 
I--TEHOZ(7)-

o (DATA OUT) XXXXXXXXXXXXXXXXXXXXX. DATA VALID ~ HIGHZ-

TELOX(6) r-:--l. I 
t--TEHO'(9)1 \" -if TELICC(8) 

Icc (SUPPLY CURRENT) -----------

'sa 
TLID/9679-9 

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

ADDRESS ---

Read Cycle 3 

1--------- TAVAX(l} --------+j 

o (DATA OUT) ---r-------...;..--~~~2!~~~~~ 
t-------TELOV(5)-----., 

Access is under G control. iN = HIGH. 
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AC Electrical Characteristics T A = O°C to + 70°C, Vee = Vee MIN to Vee MAX (Continued) 

Symbol 
NM 1624-25/255 NM1624-30 NM1624-35 

No. Parameter NM 1625-25/255 NM1625-30 NM1625-35 Units 

Standard Alternate Min Max Min Max Min Max 

WRITE CYCLE 1 

14 TAVAX TWC Address Valid to Address Invalid 
30 35 

(Write Cycle Time) 
25 ns 

15 TWLEH TWP Write LOW to Chip Enable HIGH 
22 25 

(Write Pulse Width) (Notes 7 & 10) 
19 ns 

16 TAVWH TAW Address Valid to Write HIGH 
19 22 25 

(Address Setup to End of Write) (Note 7) 
ns 

17 TWHAX TAH Write 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 

(Write Pulse Width) (Notes 7 & 10) 
ns 

19 TAVWL TAS Address Valid to Write LOW (Address Setup 
0 0 0 

to Beginning of Write) (Notes 7 & 8) 
ns 

20 TDVWH TDS Data Valid to Write HIGH (Data Setup 
10 10 12 

to End of Write) (Notes 7 & 12) 
ns 

21 TWHDX TDH Write HIGH to Data Don't Care 
0 0 0 

(Data Hold after End of Write) (Notes 7 & 12) 
ns 

22 TWLOZ TWZ Write LOW to Output High Z 
0 9 0 12 0 12 

(Write Enable to Output Disable) (Note 9) 
ns 

23 TWHOX TOW Write HIGH to Output Don't Care 
5 5 5 

(Output Active after End of Write) (Note 4) 
ns 

Timing Waveforms (Continued) 
Write Cycle 1 

TAVAX(14) 

A (ADDRESS) X X X X X ADDRESS VALID XXXXXXXXXXXX 

lWLEN(15) 

E (CHIP ENABLE) \ \ \ \ \ \ :\.\. ~I II lllllllllill 
-. 

TAVWH(16) 
-lWHAX(17) 

lWLWH(18) 
W (WRITE ENABLE) ~ -, ~I 1/// I //1 I I I I I I 

TAVWL(19) -. I--lWHDX(21) C TDVWH(20)-

o (DATA IN) XXXXXXXXXXX XXXXXXXXXX-I- DATA VALID xxxxxxxxxxXXXX 
~lWLOZ(22)~ - -iWHOX(23) 

o (DATA OUT) PREVIOUS XXXXXXXXXXXXXX DATA XXXXXXXXXXXXXJ-HIGH-Z-

TL/D/9679-11 

IN controlled where E is active (LOW) prior to IN becoming active (LOW). G = HIGH. In this write cycle the data bus DO may become active (0). requiring 
observance of TWLOZ to avoid data bus contention. At the end of the write cycle the data bus may become active (0) if IN becomes inactive (HIGH) prior to E 
becoming inactive (HIGH). 
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AC Electrical Characteristics T A = O°C to + 70°C, Vee = Vee MIN to Vee MAX (Continued) 

Symbol 
NM 1624-25/255 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 

(Address Setup) (Notes 7 & 8) 
ns 

25 TELEH TWP Chip Enable LOW to Chip Enable HIGH 
19 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

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 22 25 

(Address Setup to End of Write) (Note 7) 
ns 

28 TELWH TWP Chip Enable LOW to Write HIGH 
19 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

29 TDVEH TDS Data Valid to Chip Enable HIGH 
10 10 12 

(Data Setup to End of Write) (Notes 7 & 12) 
ns 

30 TEHDX TDH Chip Enable HIGH to Data Don't Care 
0 0 0 

(Data Hold) (Notes 7 & 12) 
ns 

Timing Waveforms (Continued) 
Write Cycle 2 

TAVAX(14) 

A (ADDRESS) X X X X X ADDRESS VALID -l XXXXXXXXXXXX 

TELEH(25) 

E (CHIP ENABLE) ..J ~I II II I I I I I I I I I I I 
TAVEL(24)- - - I-TEHAX(26) 

TAVEH(27) 

Vi (WRITE ENABLE) \\\\\ 
TELWH(28} 

TIIIIIIIIIIIII - I-TEHDX(30) 
CTDVEH(29)--

D (DATA IN) X X X X x x } XXXXXXXXXXXXXXXI DATA VALID XXX XXX XXX XXX XX 
I 

a (DATA OUT) HIGH-Z \: - f TEllCC(8) -TEH~8(9)==L 
Icc (SUPPLY CURRENT) ~------------

TL/D/9679-12 

This write cycle Is E controlled, where W is active (LOW) prior to, or coincident with, E becoming active (LOW). G = VIH. In this write cycle the data out remains in 
the high impedance state (TAl-STATE) at the beginning of the write cycle, precluding potential data bus contention. 
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DC Electrical Characteristics T A = O'C to + 70'C, vss = ov 

3: -. 
Q) 

NM1624-25/255 NM1624-30 NM1624-35 N 
0l:Io 

Symbol Parameter Conditions NM1625-25/255 NM1625-30 NM1625-35 Units ...... 
Z 

Min Max Min Max Min Max 3: -. 
III Input Leakage Current Vss ~ VIN ~ Vee 

Q) 

±2 ±2 ±2 p.A 
N 

(Except DO) U1 

ILO Output Leakage Current E = VIH or iN = VIL 
±10 ±10 ±10 p.A 

(DO) Vss ~ VOUT ~ Vee 

lee Dynamic Operating Min Read Cycle Time 
Supply Current Duty Cycle = 100% 120 100 90 mA 

Output Open 

IS81 Standby Supply Current E = VIH (Note 1) 25 25 25 mA 

IS82 Full Standby I NM1624 
(Note 2) 

15 15 15 
mA 

Supply Current I NM1625 5 5 5 

VOL Output LOW Voltage IOL = 8.0mA 
0.4 0.4 0.4 V 

All Outputs under Load 

VOH1 Output HIGH Voltage IOH1 = -4.0 mA 
2.4 2.4 2.4 V 

All Outputs under Load 

VOH2 Output HIGH Voltage IOH2 = -0.05 mA 
Vee- 0.4 Vee- O.4 Vee-O.4 V 

Other Outputs Open 

Vee Operating Supply Except Data Retention Mode ·25 
---- - - - - 4.5- - 5.5 -

4.5 5.5 4.5 5.5 V 
·255 

4.75 5.5 

Data Retention Characteristics TA = O'Cto +70'C, Vee = 2.0Vto 5.5V (NM1625 only) 

No. Symbol Parameter Conditions Min Max Units 

31 VOR Vee Voltage for Data Vee - 0.2V ~ E ~ +5.5V 
Retention (Note 15) Vee - 0.2V ~ VIN ~ + 5.5V or 2.0 5.5 V 

Vss - 0.2V ~ VIN ~ Vss + 0.2V 

32 leCOR Data Retention Current VOR = 2.0V I T A = O°C to 70'C 35 
p.A 

(Note 14) 
VOR = 3.0V I T A = O'C to 70'C 50 

33 TCDR Chip Disable to Data 
0 

Retention Time (Note 4) 
ns 

34 TR Recovery Time 
TAVAX 

(Notes 4 & 13) 
ns 

Data Retention Waveform 
i-------OATA RETENTION t.fOOE--------+( 

Vee oJ \VCCt.4IN Veet.4IN}f-
VOR~2.0V / 

~
TCOR- • ~~~~---------.VOR 

. V.;:.:IHr'T'~,....,.....,.(33) VOR -O.2V ~ E ~ S.SV } I 
IIIII \~----------------~I ~ E (CHIP ENABLE) .LLL/ - I ~ 

VIL 
TLlD/9679-13 
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Note 1: Standby supply current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid V,L or V,H levels. 

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Vee - 0.2V s: I: s: Vee + 0.2V, and all other inputs, 
(including the data inputs) at steady state and satisfying one of two conditions. Either Vee - 0.2V s: Y,N s: Vee + 0.2V or VSS - 0.2V s: Y,N s: VSS + 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 Vee 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. 
Notei: A write condition exists only during intervals where both Wand I: 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 (I: 
or W) becomes LOW (active). The timing of the first signal (W or 1:) 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 VOH of VOL 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 I: and W becomes LOW (active) to the time of the first of I: 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 0N or 1:) to transition HIGH (inactive) is a Don't Care. 

Note 13: TAVAX = Read Cycle Timing. 

Note 14: leeDR is tested with Y,N = OV and Y,N = VDR. 

Note 15: Y,N applies to all inputs other than E and DOO-D03. Input conditions for DOO-D03 are: Vss - 0.2V s: DO s: Vss + 0.2V or Vee - 0.2V s: DO s: 
Vee + 0.2V. 

Connection Diagrams 
24-Pln DIP (J) and PDIP (N) 

AO- 1 

Al- 2 

A2- 3 

A3- 4 

M- 5 

A5- 6 

A6- 7 

A7- 8 

A8- 9 

E- 10 

<i-II 

GND- 12 

24 f-Vcc 

23 -A13 

22 -A12 

21 -Atl 

20 -AtO 

Nt.l1624/ 19 -A9 
Nt.l1625 

Top View 

18 -Ne 
17 -003 

16 -002 

15 -001 

14 :-000 

13 f-W 

TL/D/9679-1 

Order Number NM1624J25, 
NM1624J255, NM1624J30, NM1624J35, 
NM1624N25, NM1624N255, NM1624N30, 
NM1624N35, NM1625J25, NM1625J255, 
NM1625J30, NM1625J35, NM1625N25, 

NM1625N255, NM1625N30 or NM1625N35 
See NS Package Number D24H* or N24D* 

Pin Names 

Ao-AI3 Address Inputs 

E Chip Enable Bar 

W Write Enable Bar 

G Output Enable Bar 

DOO-D03 Data Inputs/Outputs 

Vee Power ( + 5.0V) 

Vss Ground (OV) 

NC No Connect 

6-122 

28-Pln LCC (E) 

3212827 
Al- 4 26 -He 
A2-5 25 -A13 

A3- 6 24 -A12 

M-7 Nt.l162·V 23 -All 

A5- 8 Nt.l1625 22 -Al0 

A6- 9 21-A9 

A7- 10 20:- 003 

A8- 11 19 f- 002 

E- 12 18 f-DQl 
13 14 15 16 17 

TL/D/9679-2 

Top View 

Order Number 
NM1624E25, NM1624E255, NM1624E30, 
NM1624E35, NM1625E25, NM1625E255, 

NM1625E30 or NM1625E35 
See NS Package Number E28B 



Logic Symbols 

DIP, POIP 

AO 
Al 
A2 3 14 DOO 
A3 4 
A4 5 
A5 6 15 DOl 
A6 7 Nt.l1624/ 

A7 8 Nt.l1625 

A8 9 16 D02 
A9 19 

Al0 20 
All 21 17 D03 
A12 22 
A13 23 

AC Test Conditions (Notes 3 & 11) 

Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing 
Reference Levels 

TL/O/9679-3 

OVto 3.0V 

3 ns 

1.5V 

Output Load See Figures 1 and 2 

Capacitance (Note 4) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation 

C = ~Qwhere~v = 3V 
~V 

+5V 

4800 

Dour - ... - ..... 

30pr' 

Max Units 

6 pF 

7 pF 

TLIO/9679-6 

FIGURE 1. Output Load 
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AO 3 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

Al0 
All 
A12 
A13 

Truth Table 
Mode E W 

Standby H 

Read L 

Read L 

Write L 

High Z = High impedance 
D = Valid data bit in 
X = Don't care 

X 

H 

H 

L 

a = Valid data bit out 

LCC 

17 

18 
Nt.l1624/ 
Nt.l1625 

19 

20 

G Vi 

G OQx 

X HighZ 

L QOUT 

H HighZ 

X DIN 

+5V 

Dour--+--. 
5 pr' 

'including scope and jig 

DOO 

DOl 

D02 

D03 

TLIO/9679-4 

Power Level 

Standby 

Active 

Active 

Active 

TL/O/9679-7 

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

• 
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STANDARD TIMING PARAMETER ABBREVIATIONS 

TXXXX 

.Ignal nom. '",m whlah Inl .... II. d.fln.d-.J III 
transItion dIrectIon for first sIgnal 

sIgnal name to whIch Interval Is defined 
transItion dIrectIon for second sIgnal 

TLlD/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 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 \\§\\\\\\\ IIIIIIIIIII 
TLlD/9679-15 

INVALID or Don't Care 

TLlD/9679-16 

Transition from HIGH to LOW level may occur 
any time during this period 
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TL/D/9679-17 

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



~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 fully-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 
• Output enable access times: 12 ns/15 ns/20ns/25 ns 

(maximum) 

Functional Block Diagram 

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

• 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 TIL compatible 
• Common I/O (TRI-STATE@) output 
• Available in 24-pin DIP or 28-pin LCC 
• Single +5V operation (±10%) 
• Low power dissipation (data retention 1625): 

ICCOR = 5 JJ-A max (VOR = 2.0V), 25°C 
ICCOR = 8 JJ-A max (VOR = 3.0V), 25°C 

• Data retention supply voltage 1625: 2.0V to 5.5V 
_. Polyamide diecoat for alpha immunity 

t.4SB ~ LSB 
A1l A10 A9 A4 A3 A2 A12 Al 

VI VI 
a: a: 
Lo.I Lo.I 

~ 
~ 

~ ~ 
~ 

~ a: a: 
Q Q 

a: Lo.I a: a: ... a: 

"'" z "'" "'" z "'" :.<: ::::i :.<: :.<: ::::i :.<: 
~ Q ~ ~ Q ~ 

a: a: 
0 0 
~ ~ 

DOO DATA DATA 
D01 INPUT COLUt.4N I/O OUTPUT 
D02 CONTROL CONTROL 
D03 COLUt.4N DECODERS 

Vi WRITE 
E ENABLE 

A6 AS 

OUTPUT ~ LSB 

G ENABLE 

Tl/D/9681-5 
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Absolute Maximum Ratings 
If Military I Aerospace specified devices are required, Note: Stresses greater than those listed under "Absolute 
contact the National Semiconductor Sales Officel Maximum Ratings" may cause permanent damage to the 
Distributors for availability and specifications. device. This is a stress rating only and functional operation 
Voltage on Any Input or Output Pin of the device at these or any other conditions above those 

with Respect to Vss - 2.0V to Vee + 2V indicated in the operational sections of the specification is 

Storage Temperature - 65°C to + 150°C 
not implied. Exposure to absolute maximum rating condi-

Operating Temperature - 55°C to + 125°C 
tions for extended periods may affect device reliability. 

Power Dissipation 1.0W Recommended Operating 
Continuous Output Current per Output Conditions Te = -55°C to +125°C 
Average Input or Output Current ±25mA Min Typ Max Units 

(Averaged over Any 1 ,..,5 Time Interval) ±25mA Supply Voltage (Vee> 4.5 5.0 5.5 V 
Maximum Junction Temperature (TJ) 150°C Input HIGH Voltage (VIH) 2.2 Vee + 0.5 V 

Thermal Resistance (Junction to Case) Input LOW Voltage (VIU -1* 0.8 V 
OJC Side-Braze DIP 15°C/W All voltages are referenced to Vss pin = OV. 

OJC LCC 20°C/W -The device will meet -1 V or - 50 mA whichever occurs first without latch-
ing up. The device will also ~ithstand 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 Te = -55°C to + 125°C, Vee = 5.0V ±10% 

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 Max Min Max Min Max Min Max 

READ CYCLES 

1 TAVAX TRC Address Valid to Address Invalid 
30 35 45 55 70 

(Read Cycle Time) 
ns 

2 TAVQV TAA Address Valid to Output Valid 
30 35 45 55 70 

(Address Access Time) (Note 5) 
ns 

3 TAXQX TOH Address Invalid to Output Invalid 
5 5 5 5 5 

(Output Hold Time) 
ns 

4 TELEH TRC Chip Enable LOW to 
27 30 40 50 50 

Chip Enable HIGH (Note 6) 
ns 

5 TELQV TACS Chip Enable LOW to Output Valid 
27 30 40 50 50 

(Chip Enable Access Time) (Note 6) 
ns 

6 TELQX TLZ (Chip Enable LOW to Output Low Z 
5 5 5 5 5 

(Chip Enable to Output Active) (Note 4) 
ns 

7 TEHQZ THZ Chip Enable HIGH to Output High Z 
(Chip Disable to Output Disable) 0 12 0 15 0 15 0 20 0 20 ns 
(Notes 9 &4) 

8 TELICC TPU Chip Enable LOW to Operating 
0 0 0 0 0 

Supply Current (Note 4) 
ns 

9 TEHISB TPD Chip Enable HIGH to Standby 
27 30 40 50 50 

Current (Note 4) 
ns 

10 TGLQV TOE Output Enable LOW to Output Valid 
12 15 20 25 25 

(Output Enable Access) 
ns 

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 
0 0 0 0 0 

(Output Hold Time) (Note 4) 
ns 
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Timing Waveforms 

Read Cycle 1 

t+-------- TAVAX(1) -------+1 

A (ADDRESS) ~~~IIj\. ______ "":::'::'::=-=::"" _____ ~'I\£:~~Q,O~~~~ 

Access is under address control where E is active prior to 5 ns after address change. W = VIH. G = VIL. 

Read Cycle 2 

14--------- TELEH(4) -------+1 

TL/D/9681-8 

E (CHIP ENABLE) 
----~I 1,---------____ ~~----------------JI 

HIGH Z-

TL/D/9681-9 

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

Read Cycle 3 

~ 
TAVAX(1) 

ADDRESS 

TAVQV(2) I! 

G 

~UT------~------------------~-----<~~I'-__________ JI~~~ 

TL/D/9681-10 

Access is under G control. W = HIGH. 
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AC Electrical Characteristics Te = -55·Cto + 125·C, Vee = 5.0V ±10% (Continued) 

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 Max Min Max Min Max Min Max 

WRITE CYCLE 1 

14 TAVAX TWC Address Valid to Address Invalid 
30 35 45 55 70 

(Write Cycle Time) 
ns 

15 TWLEH TWP Write LOW to Chip Enable HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
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 0 0 2 5 ns 
(Notes 7 & 12) 

18 TWLWH TWP Write LOW to Write HIGH 
22 25 30 35 

35 
(Write Pulse Width) (Notes 7 & 10) 

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 
10 12 12 15 

15 
to End of Write) (Notes 7 & 12) 

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 TWLOZ TWZ Write LOW to Output High Z 
(Write Enable to Output Disable) 0 12 0 12 0 15 0 18 0 20 ns 
(Notes 9 &4) 

23 TWHOX 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(14) 

A (ADDRESS) X X X X X ADDRESS VALID XXXXXXXXXXXX 
TWLEN(lS) 

E (CHIP ENABLE) \ \ \ \ \ \ ~\. "}~III II I I I I I I I I I I I - I-TWHAX(17) 
TAVWH(16) 

TWLWH(18) 
Vi (WRITE ENABLE) ~ 1 ~/ / / / / / / / / / / / / / / 

TAVWL(19) - I-TWHDX(21) C TDVWH(20)-

D (DATA IN) XXXXXXXXXXX XXXXXXXXXX'- DATA VALID -l XXXXXXXXXXXXXX 
f4-TWLOZ(22) ~ - -TWHOX(23) 

a (DATA OUT) PREVIOUS XXXXXXXXXXXXXX DATA XXXXXXXXXXXXXJ-HIGH-Z-

TL/D/9681-11 

W controlled where E is active (LOW) prior to W becoming active (LOW). If G = VIL in this write cycle, the data bus DO may become active (0), requiring 
observance of TWLOZ to avoid data bus contention. At the end of the write cycle the data bus may become active (0) if W becomes inactive (HIGH) prior to E 
becoming inactive (HIGH). 
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AC Electrical Characteristics T e = - 55°C to + 125°C, Vee = 5.0V ± 10% (Continued) 

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 Max Min Max Min Max Min Max 

WRITE CYCLE 2 

24 TAVEL TAS Address Valid to Chip Enable LOW 
0 0 0 2 5 

(Address Setup) (Notes 7 & 8) 
ns 

25 TELEH TWP Chip Enable LOW to Chip Enable HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
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 
22 25 30 35 35 

(Address Setup to End of Write) (Note 7) 
ns 

28 TELWH TWP Chip Enable LOW to Write HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
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 
(Data Hold) (Notes 7 & 12) 

ns 

- -------

Timing Waveforms (Continued) 

Write Cycle 2 

TAVAX(14) 

A (ADDRESS) X X X X X -It- ADDRESS VALID XXXXXXXXXXXX 
TELEH(Z5) 

E (CHIP ENABLE) r- ,~I II rill I I I I I I I I I 
TAVEL(ZO)- - - I-TEHAX(Z8) 

TAVEH(Z7) 

Vi (WRITE ENABLE) \\\\\ 
TELWH(Z6) 

~IIIIIIIIIIIII 

CTDVEH(Z9)-=: 
I-TEHDX(30) 

o (DATA IN) XXXXXX XXXXXXXXXXXXXXX. DATA VALID -It-XXXXXXXXXXXXXX 
I 

a (DATA OUT) HIGH-Z 

Ix - f 1D.lCC(8) -lEHISB(9)==L 
Icc (SUPPLY CURRENT) ~------------

TL/D/9681-12 

This write cycle is E controlled, where W is active (LOW) prior to, or coincident with, E becoming active (LOW). G = VIH. 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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DC Electrical Characteristics Te = -55°C to + 125°C, Vee = 5.0V ±10%, Vss = OV 

~ Symbol Parameter Conditions 
1624-30 
1625-30 

1624-35 
1625-35 

1624-45 
1625-44 

1624-55 
1625-55 

1624-70 
1625-70 Units 

III 

lee 

ISB1 

ISB2 

VOH 

Min Max Min Max Min Max Min Max Min Max 

Input Leakage Current Vss ~ VIN ~ Vee 
(Except DQ) 

±2 ±2 ±2 ±2 ±2 IJ-A 

Output Leakage 
Current (DQ) 

E = VIHorW = Vil 
Vss ~ VOUT ~ Vee 

±10 ±10 ±10 ±10 

Dynamic Operating 
Supply Current 

Min Read Cycle Time 
Duty Cycle = 100% 
Output Open 

120 100 90 110 110 mA 

Standby Supply Current E = VIH (Note 1) 25 25 25 25 25 

Full Standby (Note 2) I 1624 15 15 15 15 15 
r-----r---r-~--~r-_+--_+---+--_+--~--~--~ 

Supply Current I 1625 5 5 5 5 5 

Output LOW Voltage IOl = 8.0 mA 
All Outputs under Load 

Output HIGH Voltage IOH = -4.0 mA 
All Outputs under Load 

IOH = -0.05 mA 
Other Outputs Open 

0.4 0.4 0.4 0.4 0.4 

2.4 2.4 2.4 2.4 2.4 

Vee Vee Vee Vee Vee 
-0.4 -0.4 -0.4 -0.4 -0.4 

mA 

mA 

V 

V 

V 

Data Retention Characteristics Te -55°C to + 125°C, Vee = 2.0Vt05.5V 

No. Symbol 

31 VOR 

32 leeOR 

33 TCDR 

34 TR 

Parameter 

Vee Voltage for Data 
Retention (Note 15) 

Data Retention 
Current (Note 14) 

Chip Disable to Data 
Retention Time 
(Note 4) 

Recovery Time 
(Notes 4 & 13) 

Conditions 

Vee - 0.2V ~ E ~ +5.5V 
Vee - 0.2V ~ VIN ~ + 5.5V or 
Vss - 0.2V ~ VIN ~ Vss + 0.2V 

VOR = 2.0V Te = -55°C to +25°C 

Te = -55°C to + 125°C 

VOR = 3.0V T e = -55°C to + 25°C 

Te = -55°C to + 125°C 

Data Retention Waveform 
1-----------DATA RETENTION MODE----------.{ 

Vee -'I\. 4.5Y 4.5Y }~ 

Min 

2.0 

o 

TAVAX 

Max 

5.5 

5 

200 

8 

400 

I" YORi2:2.0Y / 

~
(~~~_ "'-----------------. ~~~---------.YOR 

YIH"'~""'''''''''''''''''''''\ 5.5Yi2:Ei2:YOR -O.2V j ~ 
E (CHIP ENABLE) 

YIL 
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Units 

V 

ns 

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

Note 2: Full standby supply current (CMOS) Is measured with the enable bar input satisfying the condition: Vee - 0.2V ~ E ~ Vee + 0.2V, and all other Inputs, 
(including the data Inputs at steady state and satisfying one of two conditions. Either Vee - 0.2V ~ VIN ~ Vee + 0.2V or Vss - 0.2V ~ VIN ~ VSS + 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 Vee 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 TELCV 
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 Wand 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 VOH of VOL 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: leeoR is tested with VIN = OV and VIN = VOR. 

Note 15: VIN applies to all inputs other than E and DCo-DCa. Input conditions for DCo-DCa are: Vss - 0.2V ~ DC ~ Vss + 0.2V or Vee - 0.2V ~ DC ~ 
Vee + 0.2V. 

Connection Diagrams 

24·Pln DIP 28·Pln LCC 

0 u u ~u -< z z > z 
AO Vee 
AI A13 Order Number 

A2 A12 AI 4 NC 1624DMQB30, 1625DMQB30 
1624DMQB35,1625DMQB35 

A3 All A2 5 A13 1624DMQB45,1625DMQB45 
A4 Al0 A3 A12 1624DMQB55,1625DMQB55 

A5 1624/ A9 A4 1624/ All 1624DMQB70, 1625DMQB70 

A6 1625 NC A5 1625 Al0 
1624LMQB30, 1625LMQB30 
1624LMQB35,1625LMQB35 

A7 003 A6 A9 1624LMQB45,1625LMQB45 
AS 002 A7 D03 1624LMQB55,1625LMQB55 

001 AS D02 1624LMQB70, 1625LMQB70 

G 11 000 DOl 

GND 12 iN 13 14 15 16 17 

...,. It:> ~~ I~ TL/D/9681-1 8 
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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Logic Symbols 

DIP LCC 

AO 14 000 AO 000 
A1 15 001 A1 DQ1 Pin Names 
A2 16 002 A2 002 
A3 17 003 A3 003 AO-A13 Address Inputs 

A4 A4 
A5 A5 

E Chip Enable Bar 

A6 A6 W Write Enable Bar 
A7 

1624/ 
A7 

A8 A8 
A9 

1625 
A9 

G Output Enable Bar 

DQO-DQ3 Data Inputs/Outputs 
A10 A10 
A11 A11 Vee Power ( + 5.0V) 

A12 A12 
A13 23 A13 

Vss Ground (OV) 

G G 
Vi Vi 

TLlD/9681-3 TL/D/9681-4 

AC Test Conditions (Notes 3 & 11) Truth Table 
Input Pulse Levels OV to 3.0V 

Input Rise and Fall Times 3 ns 

Input and Output Timing 
Reference Levels 1.5V 

Output Load See Figures 1 and 2 

Capacitance (Note 4) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation 

C = ~Qwhere~V = 3V 
~V 

+5V 

480.0. 

DOUT-.... --. 

30pF" 255.0. 

Max Units 

6 pF 

7 pF 

TL/D/9681-6 

FIGURE 1. Output Load 

Mode E W 

Standby H X 

Read L H 

Read L H 

Write L L 

High Z = High impedance 
D = Valid data bit in 
X = Don't care 
Q = Valid data bit out 

G OQx 

X HighZ 

L QOUT 

H HighZ 

X DIN 

+5V 

480.0. 

Dour- .... - ...... 

5 pF" 255.0. 

·including scope and jig. 

Power Level 

Standby 

Active 

Active 

Active 

TLlD/9681-7 

FIGURE 2. Output Load (for TEHQZ, TELQX, TWLQZ, 
TWHQX, TGHQX, TGHQZ, TGLQX) 
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STANDARD TIMING PARAMETER ABBREVIATIONS 

TXXXX 

"'".' .. me 'n>m _h'oh '",.".". d'fl",d~ III transition direction for first signal 
signal name to which Interval Is defined 

transition direction for second signal 

TL/D/9681-14 

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 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 \\\\\SSSSS\ IZZZZZZ7ZZ1 
TLlD/9681-15 TL/D/9681-16 TL/D/9681-17 

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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~National 
~ Semiconductor 
DM75S68/DM85S68/DM75S68A/DM85S68A 
16 x 4 Edge Triggered Registers 

General Description 
These Schottky memories are addressable "0" 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. 

Logic and Block Diagram 

!WRITE ENABLE) 

15 
WI o--l:>O----------+j 

~~ AD ~ ~ ~ 

Al~~ 
AZ~ 

A3~ 

(DATA INPUTS) 

oz 03 
1 11 

16x 4 MEMORY CelL ARRAY 

Features 
• On-chip output register 
• PNP inputs reduce input loading 
• Edge triggered write 
• High speed-20 ns typ 
• All parameters guaranteed over temperature 

• TRI-STATE output 
• Schottky-clamped for high speed 
• Optimized for register stack applications 
• Typical power dissipation-350 mW 

!WRITE CLOCK INPUT! 
CLK 

14 

00 

0 

X 

0 

1 

WE 

X 

0 

X 

X 

Pin Names 

AO-A3 Address Inputs 

01-0 4 Data Inputs 

01-04 Data Outputs 

WE Write Enable 

ClK Write Clock Input 

OS Output Store 

00 Output Disable 

elK OS MODE OUTPUTS 

X 0 Output Store Data From Last 
Addressed Location 

.../ X Write Data Dependent on State 
ofOD and OS 

X 1 Read Data Data Stored in 
Addressed Location 

X 0 Output Store High Impedance State 

13 

R~----~~----~_r~----1_~._----~-+1_----. 
1 X X 1 Output Disable High Inpedance State 

IOUTPUT 
STOREI 

(OUTPUTS) 

TL/F/9233-1 

6-134 

0= Low Level 
1 = High Level 
X = Don't Care 



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, Vee 
Distributors for availability and specifications. DM85S68/DM85S68A 4.75 5.25 V 

Supply Voltage 7.0V DM75S68/DM75S68A 4.5 5.5 V 

Input Voltage 5.5V Temperature. T A 

Output Voltage 5.5V DM85S68/DM85S68A 0 70 ·C 
DM75S68/DM75S68A -55 +125 ·C 

Storage Temperature Range - 65·C to + 150·C 

Temperature (Soldering, 10 sec.) 300·C 

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

Symbol Parameter Conditions Min Typ Max Units 

VIH High Level Input Voltage 2 V 

VIL Low Level Input Voltage 0.8 V 

VOH High Level Output Voltage Vee = Min 10H = - 2.0 rnA, 2.4 V 
DM75S68/DM75S68A 

10H = -5.2 rnA, 2.4 V 
DM85S681 DM85S68A 

VOL Low Level Output Voltage Vee = Min, DM75S68/DM75S68A 0.5 V 
10l = 16 rnA DM85S681 DM85S68A 0.45 V 

IIH High Level Input Current Vee = Max, VIH = 2.4V 25 IJ-A 

II High Level Input Current Vee = Max, VIH = 5.5V 
50 IJ-A at Maximum Voltage 

III Low Level Input Current Vee = Max, Clock Input -500 IJ-A 
Vil = 0.5V All Others -250 IJ-A 

los Short Circuit Output Current Vee = Max, VOL = OV -20 -55 rnA 
(Note 4) 

lee Supply Current Vee = Max 70 100 rnA 

Vie Input Clamp Voltage Vee = Min,IIN = -18 rnA -1.2 V 

loz TRI-STATE Output Current Vee= Max Vo = 2.4V +40 IJ-A 

Vo = 0.5V -40 IJ-A 
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 minImax limits apply across the - 55'C to + 125'C temperature range for the DM75S68/DM75S68A and across the O'C to 
+ 70'C range for the DM85S68/DM85S68A. All typicals are given for Vcc = 5.0V and TA = 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. 

Switching Characteristics over recommended operating range of T A and Vee unless otherwise noted 

Symbol Parameter 
DM75S68 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 Output Disable Time from High Level 35 15 35 15 ns 

tlZ Output Disable Time from Low Level 35 18 35 18 ns 

tM Access Time Address to Output 55 40 45 24 ns 

tOSA Output Store to Output 35 30 35 20 ns 

teA Clock to Output 50 40 50 35 ns 
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Switching Characteristics 
over recommended operating range of T A and Vcc unless otherwise noted (Continued) 

Symbol Parameter 
DM75S68 DM85S68 

Min Max Min Max 

tASC Set-UpTime Address to Clock 25 15 

tosc Data to Clock 15 5 

tASOS Address to Output Store 40 30 

tWESC Write Enable Set-Up Time 10 5 

tOSSC Store before Write 15 10 

tAHC Hold Time Address from Clock 15 10 

tOHC Data from Clock 20 15 

tAHOS Address from Output Store 10 5 

tWEHC Write Enable Hold Time 20 15 

Connection Diagram 
Dual-In-Llne Package 

1r--v-18 
02- ~Vcc 

2 17 
01- ~OJ 

J 16 
AO- ~04 

4 .!!we A2-

5 14 
AJ- ..... elK 

6 13-
A1- -os 

01.2. 
12 
~OD 

02...!. ~04 
9 10 

GNO- ~03 

DM75S68A 

Min Max 

25 

15 

40 

10 

15 

15 

20 

10 

20 

TLlF/9233-2 

Top View 

Order Number DM75S68J, DM85S68J, 
DM85S68N, DM75S68AJ, 

DM85S68AJ or DM85S68AN 
See NS Package 

NumberJ18A or N18A 
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DM85S68A 
Units 

Min Max 

15 ns 

5 ns 

10 ns 

5 ns 

10 ns 

10 ns 

15 ns 

2 ns 

10 ns 



AC Test Circuit and Switching Time Waveforms 

ADDRESS 
INPUT 

DATA 
INPUT 

OUTPUT 
STORE 

WRITE 
ENABLE 

WRITE 
CLOCK 

DM75S661 
DM85S681 
DM75S68AI 
DM85S68A 

Write Cycle 

OUTPUT 

Clock Set-Up and Hold Time 

r---, 
1.5V 1.5V ____ .l[ 1'- ____ _ 

tASC--
1AHC~ ,- -, 

1.5V 1.5V 

----.II" I~'\...----· 
r-tosc--

~10HC~ 

TL/L/9233-4 

Clock to Output Access 

1~~1~ 1.5V)(----------
----.I . 

WRITE 
CLOCK 

OUTPUTS 

1.5VI 

l-tCA-1 ,--
___________ I.J'----

TL/L/9233-5 

5.0V 

CL = 5.0 pF for tHZ, tLZ 

CL = 30 pF for all others 

CL includes probe and jig capacitance 

All diodes are 1 N3064 

TL/Ll9233-3 

Read Cycle 

Address to Output Access Time 

ADDRESS 1.5V\.r----------
INPUT ~ ----.II 

____ -_t_AA_-'" I r----_ --
OUTPUTS _ _____ :.~,,\, _______ _ 

TLlLl9233-6 

Output Store Access, Set-Up and Hold Time 

~r--, 
ADDRESS 

INPUTS 1.5VI~ }(1.5V 

__ J. r-'.,J'--------
OUTPUT 

STORE 

OUTPUTS 

1.5V 

TL/Ll9233-7 

Output Disable and Enable Time 

OUTPUT , ~v -' 
DISABLE 5t 

1.5V--t-T--+~--+-~t----'-~ 
O.5V 

VOL __ +--:-.1 .-
OUTPUT 

VOH --+-...... ., 

O.5V 
1.5V---t---I-~--+--~+--,-

TL/Ll9233-B 

Note: Input waveforms supplied by pulse generator having the following characteristics: V = 3.0V, tR ~ 2.5 ns, PRR ~ 1.0 MHz and ZOUT = SOM. 
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~National a 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 
• No fall-through delay (first word propagates to output in 

less than one cycle period) 
• 35 MHz write and 50 MHz read clock frequencies 
• Totally independent asynchronous write and read 

clocks 
• Cascadable in depth and/or width (requiring no 

external hardware) 

Block and Connection Diagrams 

WC 

RC 

t.4R/FS 

WRITE 
POINTER 

IR 

OR 

FLAG 

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

• 24-pin 0.3" wide DIP package 
• TTL I/O signal levels 
• Single + 5V supply 

Applications 
• Data rate translator for computer peripheral controller, 

ego disc, tape, printer, graphic display, etc. 
• Data rate translator for telecommunications or data 

communications controller (including local area 
network) 

• ADC or DAC interface buffer for real-time DSP 
• Real-time data acquisition buffer 
• Variable length shift register for real-time signal delay 
• Variable length pipeline register for multiprocessing, 

DSP, graphics, image analysis, etc. 

o 

TL/D/8676-1 

Dual-In-Llne Package 

t.4R/FS Vee 
WC OR 

IR RC 

DO FLAG 

01 04 

02 05 

03 06 

00 07 

01 04 

02 05 

06 

07 

TL/D/8676-2 

Top View 

Order Numbers DM75/85X431J 
or DM85X431 N 

NS Package Numbers J24F or N24C 
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Absolute Maximum Ratings 
If Military I Aerospace specified devices are required, Off-State Output Voltage 5.5V 
contact the National Semiconductor Sales Offlcel Storage Temperature - 65·C to + 150·C 
Distributors for availability and specifications. 

ESD Susceptibility (Note 5) To Be Determined 
Supply Voltage, Vee 7V 
Input Voltage 7V 

Electrical Characteristics Over Operating Conditions DM75/DM85X431 

Guaranteed Limits 
Symbol Parameter Conditions Units 

Min Typ Max 

VIL Low-Level Input Voltage 0.8 V 

VIH High-Level Input Voltage 2 V 

Vie Input Clamp Voltage Vee = Min, 11= -18mA -1.5 V 

IlL Low-Level Vee = Max, VI = 0.45V -0.4 mA Input Current 

IIH High-Level Input Current Vee = Max, VI = 2.4V 50 IJoA 

II Maximum Input Current Vee = Max, VI = 5.5V 1.0 mA 

VOL Low-Level Output Voltage Vee = Min 10L = 8mAfor 
VIL = 0.8V QOutputs 

0.5 V 
VIH = 2V 10L = 4 mA for 

IR, OR and FLAG Outputs 

VOH High-Level Output Voltage Vee = Min 10H = -0.9 mA for 
VIL = 0.8V QOutputs 2.4 V 
VIH = 2V 10H = - 0.6 mA for 

- - IR, OR and FLAG Outputs 

los Output Short-Circuit Current Vee = Max, Vo = OV -30 -80 mA (Note 1) 

lee 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 V 

TA Operating Free-Air Temperature -55 +125 0 +70 ·C 
(Note 2) 

fwe Write Frequency 35 40 35 MHz 

fRe Read Frequency 50 50 MHz 

tWWH WC Pulse Width High 12 15 ns 

tWWL WC Pulse Width Low 7 10 ns 

tSDW Input Data Setup 13 17 ns 

tHDW Input Data Hold Time 0 5 ns 

tWRH RC Pulse Width High 7 10 ns 

tWRL RC Pulse Width Low 7 10 ns 

tWM Master Reset Pulse Width 
38 50 (Note 4) 

ns 

tRMW 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 kO resistor. 
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Switching Characteristics Over Operating Conditions 

Symbol 
Initial DM75X431 DM85X431 

Parameter 
Conditions 

Units 
Min Typ Max Min Typ Max 

tpRO RC to Data Output 20 27 ns 

tPWOH WCtoOR 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 11 15 ns 

tpWLlL WC Falling to IR Low 63 Words, RC = H 11 15 ns 

tpRIH RCto IR High Full, WC = L 15 20 ns 

tpROH RCtoOR High > 1 Word 13 18 ns 

tpROL RCtoOR Low 10 14 ns 

tpRIL RC Falling to IR Low 63 Words, WC = H 13 18 ns 

tpWFH WC to FLAG High 27 36 ns 

tpRFL RC to FLAG Low 27 36 ns 

tpoo Transparent 0 to 0 Empty, WC = H 34 45 ns 

tpwo WC Rising to 0 Empty 34 45 ns 

tpMIH MR to IR High Full 28 38 ns 

tpMOL MRtoOR Low 15 20 ns 

tpMFL MR to FLAG Low 28 38 ns 

Pin Description Standard Test Load 
IOL R1 R2 

Vee Supply voltage. SV 
8mA 560n 1100n 

00-07 8-bit data input bus. 

00-07 8-bit data output bus (non-inverted). tr 
4mA 11000 22000 

WC Write Clock input-latches in data word from TEST Input Pulse Amplitude = 3V OUTPUT POINT 
O-bus on a high-to-Iow transition (except when 

R2 30pF' 
Input Rise and Fall Time (10%-

FIFO is full). Data enters the memory while WC is 90%) = 2.5 ns 

high. Measurements made at 1.5V 

RC Read Clock input-presents next data word onto --
O-bus on a low-to-high transition (except when TL/D/8676-3 

FIFO is empty). 

IR Input Ready status output-when high indicates Functional Description 
FIFO is ready for another write cycle, ie., FIFO is The NFT FIFO is implemented using a 64 x 8-bit RAM with 
not full. IR is forced low whenever WC is high (ex- separate write and read ports. The write port is addressed 
cept during 64th write cycle) to accommodate cas- by the write pointer and the read port by the read pointer. 
cading. While the WC input is high, a data word on the 0 inputs is 

OR Output Ready status output-when high indicates written into the write port of the RAM. The write pointer 
FIFO is ready for another read cycle, ie., FIFO is (initially zero) is incremented on the falling edge of WC, thus 
not empty. OR is forced low whenever RC is low concluding a write cycle. The RAM contents addressed by 
to accommodate cascading. the read pointer (also initially zero) are always presented on 

MR/FS Master Reset/FLAG Select input-resets the the 0 outputs. Thus the first word appears on the 0 outputs 

FIFO to the empty state (internal pointers reset to as it is being written. The rising edge of RC increments the 

zero) on either a low-to-high or high-to-Iow transis- read pointer which then accesses the next data word from 

tion. The state of the MR/FS input during opera- the RAM's read port. 

tion selects the waveform to be presented on the When the value of the write pointer equals the read pointer, 
FLAG status output. then the FIFO is empty, ie., any data words which had been 

FLAG Intermediate status FLAG output-if MR/FS input written have also been read. When the value of the write 

is low, then a high output on FLAG indicates FIFO painter exceeds the read pointer by 64, then the FIFO is full, 

is at least one quarter filled (16 or more words ie., the next RAM location into which data should be written 

remaining in memory). If MR/FS is high, then a contains the oldest word that has not yet been read. 

high output on FLAG indicates FIFO is at least The IR and OR status outputs indicate the full and empty 
three quarters filled (48 or more words remaining). 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. If 
the FIFO becomes full, IR would become low until a vacant 

6-140 



""--

Functional Description (Continued) 

RAM location is made available resulting from a read opera­
tion (or the Master Reset is activated). WC should remain 
low untillR 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. 

Q'l1~/«I1?1ijM~ ______ ~#1 ________ ~~~~ ________ ~1 ____ __ 

I--tPWOH~ 
OR ____________________ -J/~--------~ 

Rc--------------------------------------~I ~i------------~\.' '--------
°IR goes low following the first of these two events. 
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Functional Description (Continued) 

Since the control signals and data are passed from chip to 
chip in a serially cascaded buffer, some fall-through delay is 
introduced between the input of the first chip and the output 
of the last. The delay increases with the number of chips 
cascaded serially. 

Chips can be cascaded both serially and in parallel to pro­
duce deeper and wider buffers (as shown in "Cascading 
Devices" block diagram). However, due to the resulting 
chip-level fall-through delays, it may be necessary to AND­
gate the IR outputs of the first level of chips, as with the OR 
outputs of the last level. 

Read Cycle Timing Waveform 

r- tWRL ---+t'I-' -- tWRH ~ 

RC ---, I ''''' ___ --\ rl 
F 'PROl J r'PROH1_---_ , 

OR ''-------'I '-s \-------' ---
~ ~~ 

tpRQ ----i INVALID DATA 7h 
Q -------#-I------------~XI~-----#2----~(( -~-. . ~ ) , #64 XI J/iZ 

'--- 'PRIH -----j C LAST DATA WORD WRITTEN 

IR ____________ /~----\~ ~ 

Master Reset Timing Waveform 

14-1' --- tWt.l----+l, 1 

t.lR/rS :x,-----------~X,.----

i-= tpt.llH ""1 i-= tPt.lIH-l 

TLlD/8676-6 

Cascading Devices 
(190 x 16 Bit FIFO) 
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Flag Output Timing Waveform 

WC~~ ______ _ 

RC __ 1 __ --'1 
l-tPRrL-J 

'----
I-tpwrHi 

rLAG I 
TL/D/B676-7 

TL/D/B676-B 



Functional Description (Continued) 

Write Cycle Waveform For 
Two Devices Cascaded Serially 

DEVICE DEVICE 
#1 #2 

~ ~ 
______ #_I ____ JX~ _____ #2 ____ ~~ ~~----#-64 ____ JX~--------~#6-5----------D 

WC I' ~! 
Q - D #1 ~ #64 

OR- WC W : ! 
RC- IR 

, , , ._----
(FULL) J / 

Q ?(II!!)/I)IX I #1 ~ ~ 
OR \ 

(EMPTY) 

~ ~ 

Read Cycle Waveform For 
Two Devices Cascaded Serially 

TL/D/8676-9 

DEVICE DEVICE 
#1 #2 

~ ~ 
IR ~------~~~~-------------------------

(FULL) 

Q - D #64 

OR- WC 

RC- IR 

Q #1 

RC 

___ ....... ___ ~ ___ #_65 __ --f~ ~ #127 X"'--________________ _ 

~ ~.-----. 
__ ~_J ~S " 

/ ( (EMPTY) 

-/~ ! I }-----

I #2 ~ ~ #64/ X'-__ ......;;#_65 ___ -'X #66 

~ ! J \'---'10-
TL/D/8676-10 
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~National 
D 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 
• 128 x 4/5 bit FIFO memory 
• No fall-through delay (first word propagates to output in 

less than one cycle period) 
• 35 MHz write and 50 MHz read clock frequencies 
• Totally independent asynchronous write and read 

clocks 

• 16 mA TRI-STATE@ data outputs for bus drive 
capability 

Block and Connection Diagrams 

FLAG 

Of-----------------' 

o 

TL/D/9235-1 

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

• 18/20 pin 0.3" wide DIP package 
• TTL I/O signal levels 
• Single + 5V supply 

Applications 
• Data rate translator for computer peripheral controller, 

ego disc, tape, printer, graphic display, etc. 
• Data rate translator for telecommunications or data 

communications controller (including local area net­
work) 

• ADC or DAC interface buffer for real-time DSP 
• Real-time data acquisition buffer 
• Variable length shift register for real-time signal delay 
• Variable length pipeline register for multiprocessing, 

DSP, graphics, image analysis, etc. 

Dual-In-Llne Package 

~ 

WC 

F 
FS 
DO 

01 

00 

01 

GNO 

DM75/85X432 

Vee 
RC 

E 
FLAG 
Of 
03 

02 

03 

02 

TL/D/9235-2 

Order Number 
DM75/85X432J or 

DM85X432N 
See NS Package Number 

J18A or N18A 

~ 

WC 

F 
FS 
DO 

01 

DM75/85X433 

FLAG 
Of 
04 

03 

04 

03 

TLlD/9235-3 

Order Number 
DM75/85X433J or 

DM85X433N 
See NS Package Number 

J20Aor N20A 
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Absolute Maximum Ratings 
If Military I Aerospace specified devices are required, Off-State Output Voltage 5.5V 
contact the National Semiconductor Sales Offlcel Storage Temperature - 65°C to + 150°C 
Distributors for availability and specifications. 

ESD Susceptibility (Note 4) To Be Determined 
Supply Voltage, Vee 7V 
Input Voltage 7V 

Electrical Characteristics Over Operating Conditions DM75/DM85X432/433 

Symbol Parameter Conditions 
Guaranteed Limits 

Units 
Min Max 

VIL Low-Level Input Voltage 0.8 V 

VIH High-Level Input Voltage 2 V 

Vie Input Clamp Voltage Vee = Min,ll = -18 mA -1.5 V 

IlL Low-Level Input Current Vee = Max, VI = 0.45V -0.4 mA 

IIH High-Level Input Current Vee = Max, VI = 2.4V 50 p.A 

II Maximum Input Current Vee = Max, VI = 5.5V 1.0 rnA 

VOL Low Level Output Vee = Min, 10L = 16 mA for Q Outputs 
Voltage VIL = 0.8V, 10L = 4 mA for F, 0.5 V 

VIH = 2V E and FLAG Outputs 

VOH High Level Output Vee = Min, 10H = - 2.6 rnA for Q Outputs 
Voltage VIL = 0.8V, 10L = -0.6 mA for F, 2.4 V 

VIH = 2V E and FLAG Outputs 

los Output Short-Circuit Current Vee = Max, Vo = OV -30 -80 mA 
(Note 1) 

10ZH High Voltage Off-State Vee = 5.5V, VOH = 2.7V 
20 p.A 

Output Current 

10ZL Low Voltage Off-State Vee = 5.5V, VOL = 0.4V -20 p.A 
Output Current 

lee Supply Current Vee = 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 V 

TA Operating Free-Air Temperature 
-55 +125 0 +70 °C 

(Note 2) 

tWWH WC Pulse Width High 10 ns 

tWWL WC Pulse Width Low 15 ns 

tSDW Input Data Setup 15 ns 

tHDW Input Data Hold Time 0 ns 

tWRH RC Pulse Width High 10 ns 

tWRL RC Pulse Width Low 10 ns 

tWM 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 kfl resistor. 
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Switching Characteristics Over Operating Conditions 

Symbol Parameter Initial OM75X432/433 OM85X432/433 
Units 

Conditions Min Max Min Max 

fwc Write Frequency 35 MHz 

fRC Read Frequency 35 MHz 

tpRQ RC to Data Output 20 ns 

tpWF WC Rising to FLow 127 Words 15 ns 

tPWE 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 

tPWI 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 

tpOQ Transparent D to a Empty, WC = Low 30 ns 

tPWQ WCFaliingtoa Empty 30 ns 

tpMF MR to F High Full 30 ns 

tpME MR to E Low 30 ns 

tpMI MR to FLAG Low 30 ns 

tpzx Output Enable 20 ns 

tpxz Output Disable 20 ns 

Pin Description 
Vee +5V supply. FS Flag Setect Input-selects FIFO word-count 

00-03/4 4/5-bit data input bus. threshold for FLAG output (32 if low, 96 if high). 

QO-Q3/44/5-bit data output bus (TRI-STATE non-invert- MR Master Reset Input-resets the FIFO to the 

ed). empty state (internal pOinters reset to zero) while 

WC Write Clock Input-latches in a data word from 
low (level sensitive). 

D-bus on a low-to-high transition (except when OE Output Enable Input-when low, enables output 

FIFO is full). Data enters the memory while WC is on the a data bus; disables when high. 

low. 

RC Read Clock Input-presents next data word onto Standard Test Load 
tOl R1 R2 

a-bus on a low-to-high transition (except when 
FIFO is empty). SI 16mA 3000. 6000. 

E Empty Status Output-goes low when last word 

5V~h 4mA 11000. 22000. 
is read from FIFO (or when FIFO is reset); goes 

Rl high when first word is written into an empty FIFO. Input Pulse Amplitude = 3V 
TEST 

F Full Status Output-goes low when FIFO be- OUTPUT POINT Input Rise and Fall Time (10%-

comes full following a write; goes high when a R2 30 pF 
90%) = 2.S ns 

read cycle creates a vacancy (or when FIFO is 
tpHZ measurement made at VOH 
- O.SV, tpLZ measurement made at 

reset). VOL + O.SV, all other measurements 

FLAG Intermediate Status Flag Output-high while TL/D/9235-4 made at 1.SV. 

FIFO is at least % 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. 
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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 0 
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 due 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 0 input data as it is written into the 
memory if we is low. 
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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 (Le., 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: 

# Words Stored 
FLAG Output 

FS = L 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 anyone 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 0 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 Ootype 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, there 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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Functional Description (Continued) 

Reset and Miscellaneous Timing 
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~National 
D Semiconductor 

ADVANCE INFORMATION 

NM1002109/NM2109 
256k x 9-Bit Static RAM Module 

General Description 
The NM1002109INM2109 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 SiCMOS III 
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 (lead less) for applications requiring socketing for 
simplified field expansion/replacement or ZIP (leaded) for 
direct through hole mounting, the NM1 0021 09/NM21 09 
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/ AO') 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 
(5 or 5') pin lOW while the write enable (W or W') pin 
remains HIGH allowing the memory contents to be dis­
played on the output pins (0). The output pins will remain 
inactive (lOW) if either the select (5 or 5') pin is HIGH or 
the write enable (W or W') pin is lOW. 

Writing to the module is accomplished by having the select 
(5 or 5') 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 AO'-A17'). 
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Features 
• 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/O 
• low noise, controlled impedance (50n) substrate 
• Multiple power/ground connections interspersed be­

tween signal pins, and on-board decoupling for each 
device, for improved noise immunity and signal clarity 

• Separate internal power/ground planes for low-induc­
tance power connections 

• Hermetic high-rei 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.BV operation 
Power dissipation: less than B.7W 

• NM2109 
Power supply: -5.2V ±5% operation 
Power dissipation: less than 10W 
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72·Pin ZIP* 
72·Pin SIMM* 

Al 2 1 AO 

A3 4 3 A2 

S 6 5 vee 
7 A4 DO 8 9 00 VEE 10 

W 12 11 A5 
13 A6 A7 14 15 vee 

A8 16 17 A9 
Al0 18 19 All vee 20 21 A12 A13 22 23 02 01 24 25 vee 
02 26 27 01 A14 28 29 A15 

VEE 30 31 A16 A17 32 33 vee 
04 34 35 04 
03 36 

06 38 37 03 
39 06 vee 40 41 05 05 42 43 VEE 

A7' 44 45 A4' AI' 46 47 AO' vee 48 49 A3' 
A2' 50 51 A6' 
08 52 53 vee 08 54 55 W' 07 56 57 07 vee 58 59 A12' All' 60 61 S' A17' 62 63 VEE A16' 64 65 A15' 

Al0' 66 67 A13' vee 68 69 A14' AS' 70 71 A9' A8' 72 

TL/D/9752-1 

Top View 

"For most current package Information, contact product marketing. 

Functional Block Diagram 
AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

Al0 
All 
A12 
A13 
A14 
A15 
A16 
A17 

AO' 
AI' 
A2' 
A3' 
A4' 
AS' 
A6' 
A7' 
A8' 
A9' 
Al0' 
All' 
A12' 
A13' 
AU' 
A15' 
A16' 
All' 

------~_+-+--__ ~~~~~+_~~~~--~~------s 
------__ --r-.-~~+-._~~~~~.__r~------~------W' 
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Absolute Maximum Ratings AC Test Conditions 
Above which useful life may be impaired Input Pulse Levels Figure 1 
If Military/Aerospace specified devices are required, Input Rise and Fall Times 0.7 ns 
contact the National Semiconductor Sales Office/ 

Output Timing Referrence Levels 50% of Input 
Distributors for availability and specifications. 

Storage Temperature - 65·C to + 150·C 
AC Test Circuit Figure 2 

VEE Pin Potential to Ground Pin -7.0V to + 0.5V 
This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields howev-

Input Voltage (DC) VEE to +0.5V er, it is advised that normal precautions be taken to avoid 
Static Discharge Voltage applications of any voltage higher than maximum rated volt-

(Per MIL-STD 883) >2001V ages to this high-impedance circuit. 

Maximum Junction Temperature (TJ) + 150·C 

Output Current (DC Output HIGH) -50mA 

Latch-Up Current >200 mA 

Vee 
J 

~-O'9V 

~ 50% 
20r. 20% -t.7V Nt.410021 09/ ~ Q 

trl-- _tf 
Nt.42109 IeL f'L tr = Rise Time TL/D/9752-3 

tf = Fall Time - -2.0V 
50% = Timing Reference Levels 

FIGURE 1. Input Levels 

O,,~,£t CL = 3 pF (including Scope 
and Jig) 

-= VEE RL = 50n 

TL/D/9752-4 

FIGURE 2. AC Test Circuit 

DC Electrical Characteristics NM1002109:VEE = -4.2Vto -4.8V, Vee = Ground, Te = o·eto +85·C 

NM2109: VEE = -5.2V ±5%, Vee = Ground, Te = O·C to +85·C 

Symbol Parameter Conditions Min Max Units 

VOH Output HIGH Voltage VIN = VIH(Max) or VIH(Max), -1025 -880 mV 

VOL Output LOW Voltage Loading with 50n to - 2.0V -1810 -1620 mV 

VOHe Output HIGH Voltage VIN = VIH(Min) or VIH(Min), -1025 mV 

VOLe Output LOW Voltage Loading with 50n to - 2.0V -1620 mV 

VIH Input HIGH Voltage -1165 -880 mV 

VIL Input LOW Voltage -1810 -1475 mV 

IIH Input HIGH Current VIN = VIH(Max) 2.0 mA 

IlL Input LOW Current VIN = VIL(Min) -0.450 1.550 mA 

lEE Power Supply Current to = 50 MHz -1.800 A 

All voltages are referenced to Vee pin = ov. 

Capacitance Truth Table 
Symbol Parameter Max Units S W Ox ax 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" 

CINO Data Input Pins TBD pF L H X Q Read 

COUT Data Output Pins TBD pF 
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Read Cycles 
AC Timing Characteristics* NM1002109:VEE = -4.2Vto -4.8V, Vee = Ground, Te = OOGto +85°G 

NM2109: VEE = -5.2V ±5%, Vee = Ground, Te = OOG to +85°G 

Symbol 
NM1002109-17 NM1002109-20 

No. Parameter NM2109-17 NM2109-20 Units 

Std. Alt. Min Max Min Max 

1 TAVAX TRG 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 TRG Select LOW to Select HIGH 7 7 ns 

5 TSLQV TAGS Select LOW to Output Valid 7 7 ns 

6 TSHQL TRGS Select HIGH to Output LOW 6 6 ns 

·AII timings measured to 50% levels. 

Reaq Cycle 1 
Where S is active prior to or within T AVQV - TSLQV after address valid. 

TAVAX (1) 

A (ADDRESS) XXXXX ADDRESS VALID xxxxxxxxxx 

TAvav (2) 
TAxax (3) 

I .1- __ 
a (DATA OUT) X X X X X X X X X X X X (PREVIOUS DATA)XXX X x x x x x x x x X DATA VALID XXXXX 

I I 
TlID/9752-14 

Read Cycle 2 
Where address is valid a minimum of T AVQV - TSLQV prior to S becoming active. 

i 
TSLSH (4) 

tHOL ('») 
S (CHIP SELECT) 

TSLav (5) 

~ a (DATA OUT) DATA VALID 

TlID/9752-15 

7-6 



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:VEE = -4.2Vto -4.8V, Vee = Ground, Te = O°Cto +85°C 

NM2109: VEE = -5.2V ±5%, Vee = Ground, Te = O°C to +85°C 

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 TW Write LOW to Write HIGH 10 12 ns 

10 TAVWL TWSA Address Valid to Write LOW 0 2 ns 

11 TDVWH 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 (ADDRESS) X>OC ADDRESS VALID 

TWLSH (7) 
I 

S (CHIP SELECT) \ \ \ l\ \ \\ II/, '111111 
TWLWH (9) TWHAX (8) 

Vi (WRITE ENABLE) \ \ \ l\\\\\\\~ '11111111111 
~TAVWL (10)- t==roVWH (11)--:: 

~TWHDX (12) 

o (DATA IN) XXXXXXXXXXX XXXXXXXXXX DATA VALID I xxxxxxxxx 
I 

~TWLOL (13)~ 

o (DATA OUT) 8888888:p~~I~U~: €Att~8XX8C 
-TWHOV (14)}//// 

TL/D/9752-16 
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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 I with the exceptions of Wand S being interchanged. This write cycle may be more 
convenient for common lID applications because data bus restrictions are alleviated. 

AC Timing Characteristics* NM1002109: VEE = -4.2Vto -4.8V, Vee = Ground, Te = O·Cto +8S·C 

NM2109: VEE = -S.2V ±S%, Vee = Ground, Te = O·C to +8S·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 S ns 

"All timings measured to 50% levels. 

TAVAX (1) 

A (ADDRESS) XXX ADDRESS VALID xxxxxXX 

TAVSL (15) TSLSH (16) 

S (CHIP SELECT) 'III /1111111 
TSLWH (18) 

- TSHAX (17) 

Vi (WRITE ENABLE) ~ ~/IIIIIII 

10VSH (19)-== ~TSHDX (20) 

, (DATA IN) XXXXXXXXXXXXXXXXX&&&&Kf= DATA VAll' - YxxM&xx . 

Q (DATA OUT) 
LOW LOW 

TL/O/97S2-17 
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Propagation Delays 

AC Timing Characteristics: NM1002109: VEE = -4.2Vto -4.8V, Vee = Ground, Te = O°Cto + 85°C 

NM2109: VEE = -5.2V ±5%, Te = O°C to + 85°C, Vee = Ground 

No. 
Symbol 

Std. Alt. 

21 TAXAX TPDA 

22 TWXWX TPDW 

23 TSXSX TPDS 

Parameter 
NM1002109-17 

Min Max 

Propagation Delay (Address Bus) 

Propagation Delay (Write Enable) 

Propagation Delay (Select) 

A' n 

Address Bus Delays 

WRITE Line Delays 

INPUT ON Vi 

SELECT Line Delays 

INPUT ON 5 

7-9 

2 

2 

2 

INPUT ON An' 

NM1002109-20 

Min Max 

2 

2 

2 

TL/D/9752-5 

TL/D/9752-7 
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AC Timing Characteristics: Consecutive Write Cycles . 

NM1002109: Te = O°C to + 85°C, VEE = -4.2V to - 4.8V, Vee = Ground 
NM2109: VEE = -5.2V ±5%, Te = O°C to + 85°C, Vee = Ground 

Symbol 
NM1002109-17 NM1002109-20 

No. Parameter NM2109-17 NM2109-20 Units 

Std. All. 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) ~ 

--------------------- ~ ~-------------------Vi (WRITE ENABLE) ._ 

TL/D/9752-8 

Minimum Select Pulse Disable 

A (ADDRESS) ~ 

---------------------- ~ ----------------------S ( SELECT) •• 

Standard Timing Parameter Abbreviations 

TXXXX 
5I,oa' oa ....... oh"h ,.t."", ,. d.fl.", ----.l J I] 

Transition direction for first signal 
Signal name to which Interval Is defined 

Transition direction for second signal 

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 

TL/D/9752-10 

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 (Le., 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. 

xxxxxxxxx 
\\\\\\\\ 
IIV/111 

Invalid or don't care condition 

Transition from high to low 
can occur during this period 

Transition from low to high 
can occur during this period 

TL/D/9752-11 
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Physical Dimensions inches (millimeters) 

1------------4.250-----------+1 
1+------------3.984----------.j 

00000 
FRONT VIEW 

BACK VIEW 

NM1002109/NM2109 Package Dimensions 
(72-Pin SIMM Version)· 

FRONT VIEW 

J
O.290 

..£0.244 

0.050 

¢0.12S 

SIDE VIEW 

TL/D/9752-12 

SIDE VIEW 

1+1---------- 4.050 ------------1 

~,..---:.D=--D=--D=--D=--D=---;---.--+--s:n-""=[~~ 
.,"~ j017 

(0.062) PIN " 

0.050 (0.040) =ri(0.093) ~ 
OOOOor:OOO~OO~O~O~O~07_~O~OOO~oooooooooooo~--1 
00000000000000000 000000000000000000 

o 0 

(2X) 1.750 0.250 ~ ~ 
REF. 

SUGGESTED PCB HOLE PATTERN 
(0.062 AND 0.093 DIA. HOLES ARE REOUIRED FOR SIIolIol VERSION ONLY.) 

NM1002109/NM2109 Package Dimensions 
(72-Pin ZIP Version)· 

"For most current package information, contact product marketing. 
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0.290 -0.310 
U(7.366-7.874) 

~ ,'".-"" ljl- (0:229-0.305) 

0.287 -0.340 
(7.290 -8.636) 

I 
0.045 -0.055 

-(1.143-1.397) 

~MIN 4 x (0.127) 

NS Package 0220 

o IOGtO.OI0 .1 
(2:5~~:.2541 

PIN NO. 1 
IDENTIFICATION 
ON BRAZE PAD 

(OPTIONAL) 

NS Package 0240 

. . h s (millimeters) . are In Inc e All dimensions 

D240lflEVEI 

0.265 -0.275 
16.731-6.985) 

0.155 
(3.937) 

MAX 

SEATING 
PLANE 

0220tAEVOI 



o r---------------------------------------------------------------------~ 
C 
o 
°iii 
c 
CD 
E 
C 
~ 
o~ 
.c 
a.. 

0.225 
(5.715) 

MAX 

LI==i=~ 
I I 

.- 0.098 r- 0.580±0.
OO6 i 

(2.489) (14.73±0.153) 
MAX 

0.040-0.060 
(1.016 -1.524) 0.009 -0.012 

-.. .- (0.229-0.305) 
TYP 

0.290 - 0.310 
(7.366 -7.874) 

0.1DO±0.OO5 ~ 
(2.540±0.127) 

-.11 0.016-0.020 
j.- (0.406-0.508) 

0.150 
(3.810) 

MIN 

~~Rn (0.635) 

II 0.484 -0.496 
II (12.29-12.60) 

~U 
~I:~~l~ 

TYP 

0.284 - 0.296 
(7.214-7.518) 

t 
0.045 - 0.055 

(1.143-1.397) 

NS Package D24H 

0.085 
(2.159) 

0.200 
~---l~- (5.080) 

NS Package E22A 

8-4 

TYP 

0.125 -0.200 
(3.175 -5.080) 

024HIREVc) 

j L ,.'" -,.'" 
(1.524-1.727) 

E22AIREV0) 



EJ~NO.' n 
0.395-0.408 0' 36

1 

0.404 

f4---(10.26)----j 

SQ~I 

D 
TOP 

VIEW 

LEAD NO.1 

NS Package E24B 

BOTTOM 
VIEW 

NS Package E28A 

8-5 

f 
0.050 

(1.270) 
TYP 

-j r O

.

075 

I (~:) 

~--=r, .... 
-=rml 

O.OSHO.D03 I I 
(1.448±O.076)-.J f.-

E24BIAEV01 

0.065-0.076 r- (1.651-1.930) 

SIDE 
VIEW 

E28A(AEV C) 



0.020 
45° x (0.508) 

0.025 
(0.635) 

RAD 

BOTTOM VIEW 

NS Package E28B 

0.005--J r-
0290-0.320 I-- (0.127) .1t '~~~~Fi=r=tn[fl=l ~ o ~:3 .. -,.I"l I MIN ~ 

,t; ~I::~:=:~~J I~ 
I O.~O-O.'1D I-- BOTH ---l (7.874 -10.41) ENDS 

NS Package J16A 

L 
SIDE VIEW 



0.180 
(4.572) 

MAX 

~RADMAX 
(0.508) 

0.290-0.320 1 (7.366-B.12B)I 

t 
0.310 

(7.B74) MAX 

"'r:'T"T-:T'T':'T"T':"T'"~:"T""'r.:"T'"T":"T"'r.':T""-U 
J!:.!!!!tMIN-­
(0.127) 

..!!1QQ.. MAX 
(5.OBo) 

r:~GLASS SEALANT-.......... 

O.lBO til 0.OOB-0.012 I 

(~~) 950±~ (0.203-0.305) 

I L 
86°94° 

0.020-0.060 
(0.5OB -1.524) 

0.125-0.200 
(3.175-5.oBO) 

_ 0.310 - 0.410 TYP 
(7.B74 -10.41) 

GLASS SEALANT 

0.008-0.012 
(0.203 - 0.305) 

L 0.100±0.010 TYP Lj 
(2.540 ± 0.254) 

0.01B±0.003 TYP­
(0.457±0.076) 

NS Package J18A 

0.985 
~------(25.019) -------;~ 

0.100±0.010 
(2.54o±0.254) 

NS Package J20A 

8-7 

MAX 

0.055±0.005 
(1.397±0.127) 

0.018±0.003 _~II~ 
(0.457±0.076) II 

J18A(REVL) 

0.200 
(5.0BO) 

MAX 

0.125-0.200 
(3.175 - 5.080) 

+ 

J20A (REV MI 

• 



tn 
C 
o 

"en c 
CD 
E 
is 
10 
u 

"en 
>­.c 
D. 

95° ±5° 

0.025 
(0.635) 

RAD 

0.025 
(0.635) 

RAD 

/0.762 -1.397) 
RAD TVP 

0.005 

1.110 I ~------(2B.19)-------·~ 0.420 MAX 

MAX tt lillO
'''''''''' 

0.400 
(10.16) 

~~~~~~~~~~~~~~~rT.~~ 

~ ~ 
0.100±0.010 

(2.540 ±0.254) 
TYP 

NS Package J22A 

0.225 
(5.715) 

~=L D.om-D.~ 
~ ID.50.-tn.) 

~~ 
0.125 

(3.175) 
MIN 

0.018±0.003 
(0.457 ±0.076) 

J22AIAEVGJ 

~--------(32.766)---------~·~ (15.240) 
1.290 I 0.600 

MAX fMAX 

IGL~ 

0.514-0.526 ----

1'~r-r:"'T""'I":"'T-r:'T""'l""!'T'~T"'T':"T'"T":"'lr-r:~~-r::~:-::r"'" 113.,,1' "61 

~ 
0.590-0.620 ~ 

j!J. "UTi "'1 ~ IO.~~ , 

95 5 0.008-0.012 

·D.'" : 1O."'-D.30'1 J 
I 0.685 -0.060 _ I 0.098 

---( +0.635)·~ /2.489) 
17.40 -1.524 MAX 

NS Package J24A 

8-8 

0.125-0.200 
/3.175-5.080) 

MIN 

0.150 
(3.810) 

MIN 

J~.A(REV HI 



0.180 
iW2i 

(14.98&-15.748)-

0.025 
(0.635) 

RAD 

0.030 - 0.055 
(D. 762 -1.397) 

RADTYP 

M~AX 0.590-0.620 I f!J- II (.~,:" r: . ...:: +,M. !:\--::::.::,J 
r-- ~~.=: -I ~ 

(17.40 -1:524) (1.52~r540) f-~I 
(2.540±0.254) -1 

NS Pack~age J24AQ 

0.225 
(5.175) 

MAX 

0.560 
(14.22) 

MAX GLASS 

~~.070 
~m' 

0.125 
(3.175) 

MIN 

MAX .. 0.030 -0.055 

1.290 
(32.77)1-----------------1 

r ....... ..J,.:;::~!!J.~u...lm.l!J!JJ~JiTI.J[illJIll..illlWln..3 ~ (0.762 -1.397) RAO TYP 

t 
0.280 

(7.112) MAX 

1IT1IIWTIJ-rwfsr""T'7'T"T"':""I""'::"T"_U 

L 
0.175 r;;~;::;~::~==:::===+~===,-=J~------L 

(4.445) l= 0.225 
(5.715) 

MAX MAX 

~~. TYP 

0.095 MAX 

(2.413) :~~~ 

t f 

II
~ 0.020-0.060 

0.018±0.003 T (0.508-1.524) 
(0.457±0.076)_'- 0.125 

TYP (3.175) MIN 

NS Package J24CQ 

8-9 

_I 0.290-0.320 I 
(7.366-8.128) -

~ 95' ±5' 0.008-0.012 

,

_____ _ '-(0.203-0.305) TYP 

.- 0.310-0.410 , 
(7.874-10.41)-" 

J2.CQ (REV AI 

"tJ 
::r 
'< en 
n' 
e!-
O 
3' 
m 
::s en 
0' 
::s 
en 



en c o 
'iii 
c 
Q) 

E 
is 
'iij 
u 
'~ 
.c 
Q. 

0.025 
(0.635) 

RAD 

8.025 
(0.1315) RAD 

... -------1.215-------.... ·~1 (30.86) 
MAX 0.030-0.055 

I /'" (0.762 -1.397) 
y-- RADTYP 

~~~~~~;-r 

1.280 
1~-----------(l2.77)MAX 

0.370 
(9.398) 

MAX 

0.225 
(5.715) 

MAX 

-=err 
~~ 0.125 

0.018±0.003 (3.175) 
(0.457±O.076) MIN 

TYP 

NS Package J24E 

0.OlO-0.OS5 
(0.762-1.397) 
RADTVP 

0.008 -0.012 
(0.203-0.305) 

TVP 

0.060 ±D.OOS 
(1.524 ±D.127) TVP 1 

0.290-0.l20 
~ (7.l66-8.128) --
(0.508-1.778) 

~I 
(2.&4 ±O.2&4)-l 

TVP 

NS Package J24F 
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~ I .... -a." ~~---~ ~ ~;:3-0.305) 
0.310-0.410 

(7.874-10.411 

J24FIREVGI 



o 685 + 0.025 ~ . -0.060_ 

(17 40 + 0.635) 
. -1.524 

~--(0.203-0.381) 
TVP 

(14.99-15.75) 

~ 11 ..... --------1.290-------
(15.42) (32.77) MUj MU 

0.577 ± 0.006 0.025 

T~ 
0.030 - 0.055 
~ 

RAO TVP 

0.098 _ 

(2.489) 
MAX 

-~ (0.127) 
MIN 

NS Package J24G 

0.150 
(3.110) 

86" 94' MIN 

-TVP~ 

~ 

I I 
- 0.055±0.OO5 

_ 0.10ot 0.010 0.018±0.OO3 
~ - -(0.457±0.076) 

TVP TYP 

TYP 

J240IHl:VYI 

-------- 1.490 _________ .... 1 

(37.85) 

0.030 - 0.055 
(0.762 -1.397) 

RAO TYP 

MAX I 

-~~~~~~~~~~~~~~~~10~-11~1~1 
(.,1 .. _---0.745~ 

(18.92) 

p,...! I \~(t~:) 

~_(1:·::5 :::~~~)_I 
I-~-I 0020-0070 

~ , 

. -1.524 

--~ (0.203 - 0.305) ~­(1.524 - 2.540) 
TYP J28A·Q IREV B) 

NS Package J28AQ 
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en c 
o 
'iii 
c 
Q) 

E 
C 
"ii 
u 
.~ 

.c 
Q. 

0.175 
(4.445) 

MAX 
_ 0.590-0.620 

(14.986-15.748) 

4----------(!2~~~)----------.t 
MAX 

0.585 
(14.86) 

~~~~1I 
~~' 
(0.762-1.397) 0.055±0.005 -+-

RAD TYP (1.397±0.127) 

1-

NS Package J32AQ 

0.018 ±0.003 II 
(0.457 ± 0.076) ~ I--

f--__________ I:;O~~I------------I 

0.025 
-RAD 
10.8351 

0.030-8.055 
10.162-1.3911 

RAO TYP 

NS Package J40AQ 

8·12 

MAX 

Ol80±0.0D4 

11.112>0.1021 
UVWINDOW 

J32,AO (REV A. 



r. (::~~=~::~) 1 
r~ " ~I 

::T~S: : :1 
LEAD NO.1 1 2 3 4 

!DENT 

-I (~:~~~=~:!~) r _I 0.017 - iD.4m 0'-8' 
x45' TYP 

~cD ( ) ~---.-:lLEADS 
~.004-0.102 It 
~ 

~ AU LEAD TIPS ~ 
(0.178 -0.254) (0.508 -1.270) 
TYP ALL LEADS TYP AU LEADS 

t 
0.024 -0.031 

(0.610-0.787) 

0.053-0.089 0020 
(1.346-1.753) (0508) l r-

t I ~::~.~~) 
~HHHa • 

!:] LJeJ-0.019 
(1.270) ~ 

TYP 

NS Package MOSA 

0.150-0.158 

=1 
(3.810-4.013) -

0.017 r (0.432) 0°_8° 

x45° TYP ALL LEADS 

LdJF )(S + 

t 1 J 1-=-== 0.007-0.010 t 
(0.178-0.254) _ 0.020-0.050 

TYP 0.004 (0.508 -1.270) 
(0.102) TYP ALL LEADS 

ALL LEAD TIPS 

0.336 - 0.344 r, (1.534-8.138,-

_I !' 13 12 11 1D 9 • 

0.228 -0.244 

1

5

.

n

T'§: J;I :;1 ::::;:2::;::::;::::;:::;:;;:::;:;:::;::;:::;::;3 

0.020 1_ 
(0.508) 

0.024-0.031 0.053-0.069 
(0.610-0.787) (1.346-1.753) 0.004-0.010 

(0.102 -0.254) i i 
t 

G u::a:a:::B] AFTER LEAD FINISH 

~'~ 

1000 J I J [:L~9 
(1.270) - (0.356-0.483) 

TYP TYP 

M1'AtREV FI 

NS Package M 14A 
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en c o 
'iii 
c 
CI) 

E 
is 
1j 
'~ 
.c 
Q. 

r (~::~ =~::=)} 
0.017 

(0.432)1 
0.009 -0.013 x 45' 

(0'229_0'330)~ 
L 0'-8° 

t 'o. d~:AllLW' 
(D.ii2i (0.762 -1.270) 

ALL LEAD TVP ALL LEADS 
TIPS 

14 13 12 11 10 ~ 81 rl
.-(::~::=~:~::) ~ 

0.394-0.419 
(10.01-10.64) 

LEAD NO. 1 -----!!~ 

10ENT ---r.v~~~~;;;;;F~~ 

.!!.:!!ll.~ 
(0.688) 

0.093-0.104 
(2.362 - 2.642) 

0.004-0.012 

t 
0.037 - 0.044 

(0.940-1.118) 

t 

~L.,~tf.j~~:. 
(1.270) (0.356-0.483) 

TVP TYP 

MI48CREVC) 

NS Package M14B 

-I (~.~~~=:~~) 1--,_.!.!!!. 
(~!~~) 0;;;' 

I E3 ALL LEADS 

-'--d)_IS + 

0.D07e t J L 0 02fu 050 
(0.178-0254) I (0.508-1.270) 
TVP ALL LEADS 0.004 TYP ALL LEADS 

(0.102) 
ALL LEAD TIPS 

0.053 -0.069 
~ 

+ 
t 

0.024-0.031 
(D.iiH.7i7i 

0.004-D.Ol0 
~ 

~ H H H H H H H ~AFTERLrFINISH 

'=1 1- (~:~~~) _II=;J=~~:~) 
TVP TVP 

NS Package M 16A 
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0.092 
(2.337) DIA 

PIN NO. 1IDENT 

0.130±0.005 
(3.302± 0.127) 

0.125-0.140 
(3.175-3.556) 

0.009-0.015 jl-4-
(0.229-0.381) 

0.325 ~ ~:~~~ 
(8 255 + 1.016) 

tOO ±40 

TYP 
0.018±0.OO3 

(0.457 ±D.076) 
0.100±0.010 

95 0 15 0 

. -0.381 

0.092 
(2.337) 

DIA NOM 
(2X) 

0.045±0.015 
(1.143±0.381) ~

(2'540 ±0.254) 

0.060 
(1.524) 

NS Package NOSE 

I· ·1 
0.325 ~~:~~ 

0.009-0.015 tJ 
(0.229-0.3811 

0.075 ±O.O 15 

(1.905 ±0.3811 I-- J 
(8255 +1.016) 

. -0.381 

0.100 ±0.010 
(2.540 10.254) 

NS Package N 16A 

8-15 

0.032±0.005 ~7 
(0.813 ± 0.127) 

RAD 

PIN NO. lIDENT~ 

1 

0.145 -0.200 
(3.683 - 5.080) 

0.020 
(0.508) 

MIN 

OPTION 2 

NOSE (REV FI 

N16A(REV EI 

• 



o r-------------------------------------------------------------------------------~ 
C 
o 
'iii 
c 
CD 
E 
is 
ca 
u 
'en 
>­.c 
D. 

0.743-0.780 
~-----(la.87-19.81)----~~ 

~ 
0'280~ (7.112) 
MIN 0.030 

0.300-0.320 (0.762) 

I 
?"-•. ,:~ "f 0.065 

(1.651) 

~ 6
'--..1 

95·±5· ,--
0.009 - 0.015 

(0.229 - 0.381) 

0.030±0.015 032$~:: t''''±O''..J ~ J 
( 

+1016) 0.100±0.010 
8.255 -0:381 (2.540 ±0.254) 

TYP 

~ TYP 

~~ 
0.125-0.140 

0.018 ± 0.003 (3.175-3.556) 
(0.457±0.076) MIN 

NS Package N16E 

~~514 (0.813±0.127) 
R 

PIN NO.1IDENT~ 

1 2 

OPTION 2 

• 0.020 
(0.508) 

MIN 

N1eE(REVE) 

0.092 0.030 -- x--
(2.ll6) (0.762) 

NOM MAX 

0.843-0.870 -:-:J 
(21.41-22.10) 

15 14 13 12 11 0 

DEEP (2 PLCS) 

~
0'280~ (7.1121 
MIN 

0.lOO-0.320 

I ;~O-:'; I 

~ 
I· ·1 

0.l25 ~:~~ 
'8.255 +1.016) 
~ -0.381 

• 0.250 ±0.005 
(6.350 ±0.1271 

~~~~~~~~ 

1 0.025 ±0.015 

(0.6l5 ±0.l811 I-- J 
0.100 ±0.01D 

(2.540 ±0.2541 
TYP 

I_" 0.018 ±O.DOl 

~ I-IOA'''..,&I 

NS Package N 18A 

8·16 

(0.5081 
0.125-0.140 ' MIN 

(l.175-l.5561 

N18A (REV E) 



r------------------------------------------------------------------------------------, ~ 

0.325 ~~:~~ 
f8.255 +1.016) 
~ -0.381 

0.092 X 0.030 
(2.337 X 0.762) 

MAX DP 

PIN NO. llDENT 

1.013-1.040 ::::1 
(25.73-26.42) 

17 18 15 14 13 12 11 --r 
0.260 ±0.005 

RAD 

(6.604 ±0.127) 

~~~~~~~~~ 

0'032±0'005~O 1. 
(0.81310.127) 

PIN NO.lI0ENT~ 

0.065 
(1.651) 

0.130 
(3.302 

~M-~~~~~M-~~~~ 

0'009_0'01~J 
(0.229-0.381) 
TYP 

0.060 to.005 
(1.524tO.121) 

0.062 
RAD (1.515) 

PIN NO.1 
IDENT 

NS Package N20A 

- 900 tO.004° t 

0.125-0.140 
(3.115-3.556) 

t 
0.020 

(0.508) 
MIN 

1.093-1.120 ----I 
(27.76-28.45) 1 1m fii1 rm rrnl 

19 18 17 16 15 14 13 12 I 
0.350 iO.005 

(8.890 ±0.127) 

~~;::;::;;::=;:;~~~-.-l 

OPTION 2 

N20A(REVGI 

0.400-0.420 
(10.160-10.668) 

0.009-0.015 J 
(0.229-0.381) 

1-..' 
0.050 iO.015 

(1.270 iO.3811 (2.540 iO.254) (0.457 iO.076) 

N22A(REVD) 

NS Package N22A 
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en c 
o 
'iii 
c 
CD 
E 
is 
1j 
'~ 
.c 
D. 

7' 

1
- I~ --4 (1I.14UO.38I) 

----.~ (0.mtO.0251 

IS'd' 

O.8Z8~::~: _I 
~(15 171 +0.135)---' 

. -0.381 

0.082 
(1.&7&) 

RAD 

PIN NO. 110ENT 

~:f.1( : : : : : : : : : ]I 
I.. 1.09UO.007 1 

. (27.69±0.1781- "I 

0.100 
(2.5401 

NS Package N22B 

0.060 
(1.5241 

1-------(~;~:~=~:~:)·-------<.~I 
13 

.1 
1-. 

-~ (0.813) 

11 (±) (±) I 0.540 to.005 

~~~~~~~~~~~~~~~~~~! ::r:"'UI 
I I 

DOTTED OUTLINES 
REFLECT ALTERNATE 

MOLDED BODY CONFIGURATION 

0.030 

N24A(AEYE) 

NS Package N24A 

8·18 



0.009-0.015 
(0.229-0.381) 

0.325 ~ ~:~~~ 
18255 +1.016) 
~ . -0.381 

t .1 

-~ 10.203-0.381) 

0.300-0.400 
17.620-10.16) 

0.092 
(2.337) 
(2 PLS) 

NS Package N24C 

! 
0.260 ± 0.005 
(6.604±0.127) 

~ 

N24C(REV FI 

,:[1[:::::::::] 
I. 1.250-1.270 I 

NS Package N24D 

8-19 

131.75-32.26) • 

0.040-0.0.65_ 
11.016-1.651) 

" ::T 
'< en 

~ 
C 
3' 
m 
::s en 
0' 
::s en 

• 



tn 
C 
o 

"Ci) 
c 
G,) 

E 
C 
'is 
CJ 

"Ci) 
>­.c 
c.. 

0.580 
(14.73) MIN =:j 

0.625 + 0.025 _ -0.015 

(1588 +0.635) 
. -0.381 

4 SPACES AT 
0.050 

(1.270) 

1

13 .. 

NS Package N28B 

0.226 
(5.740) 

NOM 
SQUARE 

0.080 
(2.032) 

DlA NOM 
PEDESTAL 

• 0.005-0.015 jt====~F===irfm1E~ffE~acI=-
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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 your 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 • Peripheral Functions • LSIIVLSI Functions • Design Guidelines • Packaging 

CMOS LOGIC DATABOOK-1988 
CMOS AC Switching Test Circuits and Timing Waveforms • CMOS Application Notes • MM54HC/MM74HC 
MM54HCT /MM74HCT. 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 • 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-Rei 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 • TIL • 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 • TIL RAMs • TIL 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 • VLSIIVHSIC Devices 
Radiation Environment. Electrostatic Discharge • Discrete Device • Standardization 
Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 
European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor. The Total Military/ Aerospace Standardization Program 
883B/RETSTM Products. MILS/RETSTM Products. 883/RETSTM 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. Application Notes 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 

ALABAMA Hamilton! Avnet Hamilton Electro Sales CONNECTICUT 

Arrow Electronics 4103 Northgate Blvd. 9650 DeSoto Arrow Electronics 
1015 Henderson Rd. Sacramento, CA 95834 Chatsworth, CA 91311 12 Beaumont Rd. 
Huntsville, AL 35818 (916) 925·2216 (818) 700·0440 Wallingford, CT 06492 
(205) 837·6955 Time Electronics Hamilton! Avnet (203) 265·7741 

Bell Industries 1339 Moffet Park Dr. 1361B West 190th SI. TWX: 7104760162 

1031 Putnam Drive, Suite A Sunnyvale, CA 94089 Gardena, CA 90248 Hamilton! Avnet 
Huntsville, AL 35816 (408) 734·9888 (213) 217·6751 Commerce Drive 
(205) 837·1074 TWX: 172233 Hamilton! Avnet Commerce Park 

Hamilton! Avnet Zeus Components Inc., Reg 6 4545 Viewridge Avenue Danbury, CT 06810 

4940 Research Drive NW N CAlOR!WAlCO! San Diego, CA 92123 (203) 797·2800 

Huntsville, AL 35805 UT INEINM! & AZ (619) 571·7510 Anthem Electronics 
(205) 837·7210 1580 Old Oakland Rd. # C205 TWX: 695 415 170 Research Parkway 
TWX: 810 726 2162 San Jose, CA 95181 Hamilton! Avnet Meridan, CT 06450 

Pioneer Technology 
(408) 998·5121 3002 East G Street (203) 237·2282 

4825 University Square CALIFORNIA-5outhern Ontario, CA 91764 Pioneer Northeast 
Huntsville, AL 35805 Anthem Electronics (714) 989·4602 112 Main SI. 
(205) 837·9300 9369 Carroll Park Dr. Time Electronics Norwalk, CT 06852 
TWX: 810 726 2197 San Diego, CA 92121 370 South Crenshaw Blvd. (203) 853·1515 

ARIZONA (619) 453·9005 Suite E·l04 TWX: 7104683378 

Anthem Electronics 
TWX: 910 3351515 Torrance, CA 90503·1727 Time Electronics 

1727 E Weber Dr. Anthem Electronics (213) 320·0880 1701 Highland Ave. 

Tempe, AZ 85281 1 Oldfield Dr. TWX: 910 349 6650 Cheshire, CT 06410 

(602) 966·6600 Irvine, CA 92718 Time Electronics (203) 271·3200 

Arrow Electronics 
(714) 768·4444 2410 E. Cerritos Ave. TWX: 910 380 6270 

4134 EastWood SI. 
TWX: 910 595 1583 Anaheim, CA 92806 FLORIDA 

Phoenix, AZ 85040 Anthem Electronics (714) 934·0911 
Arrow Electronics 

(602) 437·0750 20640 Bahama SI. TWX: 910 591 1234 
400 Fairway'Drive 

TWX: 910 951 1550 Chatsworth, CA 91311 Time Electronics Deerfield Beach, FL 33441 

Bell Industries 
(818) 700·1000 8525 Arjons Drive (305) 429·8200 

1705 W. Fourth SI. 
TWX: 910 493 2083 San Diego, CA 92126 TWX: 510 955 9456 

Tempe, AZ 85281 Arrow Electronics (619) 586·1331 
Arrow Electronics 

(602) 966·7800 9511 Ridgehaven CI. TWX: 858902 
37 Skyline Drive #3101 

TWX: 910 950 0133 San Diego, CA 92123 Time Electronics Lake Mary, FL 32746 

Hamilton! Avnet 
(619) 565·4800 9751 Independence Ave. (407) 323·0252 

30 South McKemy 
TWX: 910 3351195 Chatsworth, CA 91311 

Bell Industries 
Chandler, AZ 85226 Arrow Electronics (818) 998·7200 

10810 72nd St. North #201 
(602) 231·5100 2961 Dow Ave. TWX: 910 380 6274 

Suite 201 
TWX: 66 7450 Tustin, CA 92680 Zeus Components Inc., Reg 5 Largo, FL 33543 

CALIFORNIA-Northern 
(714) 838·5422 San Fernando Valley (813) 541·4434 
TWX: 910 5952860 5236 Colodny Drive 

Anthem Electronics Agoura Hills, CA 91301 Bell Industries 
Arrow Electronics 638 South Military Trail 1040 East Brokaw Rd. 19748 Dearborn SI. (818) 889·3838 

San Jose, CA 95131 Deerfield Beach, FL 33442 
Chatsworth, CA 91311 Zeus Components Inc., Reg 5H (305) 421-1997 (408) 295·4200 
(818) 701·7500 All Hughes 

TWX: 910 338 2038 TWX: 9104932086 22700 Savy Ranch Pkwy. Hamilton! Avnet 

Anthem Electronics Avnet Electronics Yorba Linda, CA 92686 6801 N.W. 15th Way 

4700 Northgate Blvd. FI. Lauderdale, FL 33309 

Suite 165 
350 McCormick Ave. Zeus Components Inc., Reg 8 (305) 971·2900 

Sacramento, CA 95834 
Irvine Industrial Complex S CA, SG VL Y, OC, SD CTY TWX: 510 956 3097 

(916) 922·6800 
Costa Mesa, CA 92626 22700 Savy Ranch Pkwy. 

Hamilton! Avnet (714) 754·6050 Yorba Linda, CA 92686 
TWX: 510 101 1419 TWX: 910 595 1928 (714) 921·9000 3197 Tech Drive North 

Arrow Electronics Bell Industries COLORADO 
SI. Petersburg, FL 33702 

521 Weddell Drive (813) 576·3930 

Sunnyvale, CA 94089 
306 E. Alondra Blvd. Anthem Electronics TWX: 810 863 0374 

(408) 745·6600 
Gardena, CA 90248 373 Inverness Dr. South Hamilton! Avnet 

TWX: 910 3399371 
(213) 515·1800 Englewood, CO 80112 6947 University Blvd. 

Bell Industries 
Bell Industries (303) 790·4500 Winter Park, FL 32792 

1161 North Fairoaks Ave. 
12322 Monarch SI. Arrow Electronics (305) 628·3888 

Sunnyvale, CA 94086 
Garden Grove, CA 92641 7060 S Tucson Way Pioneer Technology 

(408) 734·8570 
(714) 895·7801 Suite 136 221 North Lake Blvd. 

TWX: 910 339 9378 
TWX: 9105962362 Englewood, CO 80112 Altamonte Springs, FL 32701 

Bell Industries 
Bell Industries (303) 790·4444 (305) 834·9090 

500 Giuseppe CI. Suite 6 
1829 Dehavilland Suite A TWX: 910 931 2626 TWX: 810 853 0284 

Roseville, CA 95678 
Thousand Oaks, CA 91320 Bell Industries Pioneer Technology 

(916) 969·3100 
(805) 499·6821 8155 W. 48th Avenue 674 South Military Trial TWX: 910 3213799 Wheatridge, CO 80033 

Hamilton! Avnet Deerfield Beach, FL 33441 

1175 Bordeaux 
Hamilton Electro Sales (303) 424·1985 (305) 428·8877 

Sunnyvale, CA 94086 
3170 Pullman Street TWX: 910 938 0393 TWX: 510 955 9653 
Costa Mesa, CA 92626 Hamilton! Avnet (408) 743·3355 
(714) 641·4159 8765 E Orchard Road #708 TWX: 910 339 9332 

Englewood, CO 80111 • (303) 779·9998 
TWX: 910 935 0787 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

FLORIDA (Continued) Bell Industries-Graham Div. Zeus Components Inc., Reg 2 Pioneer Standard 

Zeus Components Inc., Reg 4 133 S Pennsylvania St. MD, DE, VA, WVA, 13485 Stanford 

FL, GA, AL, MI, SC & TN Indianapolis, IN 46204 NC, RAYTHEON Livonia, MI 48150 

1750 West Broadway (317) 834-8202 8930 Route 108 (313) 525-1800 

Oviedo, FL 32765 TWX: 810 341 3481 Columbia, MD 21045 TWX: 810 242 3271 

(305) 365-3000 Hamilton! Avnet (301) 997-1118 R. M. Electronics 

GEORGIA 485 Gradle Dr. MASSACHUSETTS 4310 Roger B Chaffee 

Arrow Electronics 
Carmel, IN 46032 Arrow Electronics Wyoming, MI 49508 

3155 Northwoods Parkway 
(317) 844-9333 25 Upton Drive (616) 531-9300 

Suite A 
TWX: 810 260 3966 Wilmington, MA 01887 MINNESOTA 

Norcross, GA 30071 Pioneer-Indiana (617) 935-5134 Anthem Electronics 
(404) 449-8252 6408 Castleplace Drive TWX: 710 393 6770 10025 Valley View Rd. #160 
TWX: 810 766 0439 Indianapolis, IN 46250 Gerber Electronics Eden Prairie, MN 55344 

Bell Industries 
(317) 849-7300 128 Carnegie Row (612) 944-5454 

6690-C Jones Mill Ct. IOWA Norwood, MA 02062 Arrow Electronics 
Norcross, GA 30092 Advent Electronics (617) 769-6000 5230 73rd Street 
(404) 662-0923 682 58th Ave. Court S.W. TWX: 710 336 1987 Edina, MN 55435 

Hamilton! Avnet Cedar Rapids, IA 52404 Hamilton! Avnet (612) 830-1800 

58250 Peach Tree Corner E (319) 363-0221 100 Centennial Dr. TWX: 910 576 3125 

Norcross, GA 30092 TWX: 910 525 1337 Peabody, MA 01960 Hamilton! Avnet 
(404) 447-7500 Arrow Electronics (617) 531-7430 12400 Whitewater Dr. 

Pioneer Technology 375 Collins Rd. N.E. TWX: 710 393 0382 Minnetonka, MN 55343-9421 

3100F Northwoods Place Cedar Rapids, IA 52402 Anthem Electronics (612) 932-0600 

Norcross, GA 30071 (319) 395-7230 38 Jonspin Road TWX: 910 572 2867 

(404) 448-1711 TWX: 9104932086 Wilmington, MA 01887 Pioneer-Twin Cities 
TWX: 810 766 4515 Bell Industries (617) 657-5170 7625 Golden Triangle Dr. 

ILLINOIS 1221 Park Place N.E. TWX: 710 332 1387 Suite G 

Anthem Electronics 
Cedar Rapids, IA 52402 Pioneer Northeast Eden Prairie, MN 55344 

180 Crossen Ave. 
(319) 395-0730 44 Hartwell Avenue (612) 935-5444 

Elk Grove Village, IL 60007 Hamilton! Avnet Lexington, MA 02173 TWx: 910 576 2738 

(312) 640-6066 915 33rd Avenue S.w. (617) 861-9200 MISSOURI 
Cedar Rapids, IA 52404 TWX: 710 326 6617 

Arrow Electronics Arrow Electronics 
1140 West Thorndale Avenue 

(319) 362-4757 Time Electronics 2380 Schuetz Road 

Itasca, IL 60143 KANSAS 10 A Centennial Drive St. Louis, MO 63146 

(312) 250-0500 Arrow Electronics 
Peabody, MA 01960 (314) 567-6888 

TWX: 910 222 0351 8208 Melrose Dr. 
(617) 532-6200 TWX: 910 764 0882 
TWX: 710 393 0171 

Bell Industries Suite 210 Hamilton! Avnet 

515 Busse Road Lenexa, KS 66214 Zeus Coomponents Inc., Reg 1A 13743 Shoreline Ct.-East 

Elk Grove Village, II 60007 (913) 541-9542 MA, RI, VT, NH, ME & CANADA Earth City, MO 83045 

(312) 640-1910 Hamilton! Avnet 
429 Marrett Rd. (314) 344-1200 

TWX: 910 223 4519 9219 Quivira Rd 
Lexington, MA 02173 TWX: 9107620627 

Overland Park, KS 66215 
(617) 863-8800 

Time Electronics Bell Industries 
730 West Kilarney (913) 888-8900 MICHIGAN 330 Sovereign Ct. 

Urbana, IL 61801 Pioneer Standard Arrow Electronics St. Louis, MO 63011-4491 

(217) 328-1077 10551 Lackmann Road 3510 Roger Chaffee (314) 391-6444 

Hamilton! Avnet Lenexa, KS 66215 Memorial Blvd. S.E. TWX: 9107601893 

1130 Thorndale Ave. (913) 492-0500 Grand Rapids, MI 49508 NEW HAMPSHIRE 

Bensenville, IL 60106 MARYLAND 
(616) 243-0912 

Arrow Electronics 
(312) 860-7780 Arrow Electronics 

Arrow Electronics 3 Perimeter Rd. 

Pioneer Electronics 8300 Guilford Dr. 
755 Phoenix Dr. Manchester, NH 03103 

2171 Executive Dr., Suite 200 Columbia, MD 21045 
Ann Arbor, MI 48108 (603) 668-6968 

Addison, IL 60101 (301) 995-0003 
(313) 971-8220 TWX: 710 220 1684 

(312) 495-9680 TWX: 7102369005 
TWX: 810 223 6020 

Bell Industries-C & H Div. 
TWX: 910 2221834 Hamilton! Avnet 

Bell Industries 19 Park Avenue 

INDIANA 6822 Oak Hall Lane 
814 Phoenix Dr. Hudson, NH 03051 

Columbia, MD 21045 
Ann Arbor, MI48104 (603) 882-1133 

Advent Electronics Inc. (313) 971-9093 
8446 Moller Rd. (301) 995-3500 TWX: 710 228 8959 

Indianapolis, IN 46268 . TWX: 710 8621861 Hamilton! Avnet Hamilton! Avnet 

(317) 872-4910 Anthem Electronics 
2215 29th St. S.E. 444 Industrial Dr. 

TWX: 810 341 3228 9020-A Mendenhall Court 
Grand Rapids, MI 49508 Manchester, NH 03102 

Columbia, MD 21045 
(616) 243-8805 (603) 624-9400 

Arrow Electronics TWX: 810 273 6921 
2495 Directors Row (301) 964-0040 NEW JERSEY-Northern 

Suite H TWX: 710 862 1909 Hamilton! Avnet 
Arrow Electronics 

Indianapolis, IN 46241 Pioneer Technology 
32487 Schoolcraft Road 

6 Century Drive 
Livonia, MI 48150 

(317) 243-9353 9100 Gaither Road (313) 522-4700 
Parsippany, NJ 07054 

TWX: 810 3413119 Gaithersburg, MD 20877 (201) 575-5300 

Bell Industries (301) 921-0660 Pioneer Standard TWX: 710 734 4403 

3606 E. Maumee Ave. TWX: 710 828 0545 4505 Broadmoor S.E. 
Hamilton! Avnet 

Fort Wayne, IN 46803 Time Electronics 
Grand Rapids, MI 49508 

10 Industrial Rd. 
(219) 423-3422 9051 Red Branch Rd. 

(616) 698-1800 
Fairfield, NJ 07006 

TWX: 910 997 0701 Columbia, MD 21045 
TWX: 5106008456 

(201) 575-3390 
(301) 964-3090 TWX: 710 734 4409 
TWX: 710 862 2860 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

NEW JERSEY-Northern Pioneer Northeast NORTH CAROLINA Zeus Components Inc., Reg 3 
(Continued) 68 Corporate Drive Arrow Electronics Dayton (DESC) 

Anthem Electronics Binghamton, NY 13904 5240 Greens Dairy Rd. 2912 Springboro St., Ste. 106 

311 Rt. 46 West (607) 722-9300 Raleigh, NC 27604 Dayton, OH 45439 

Fairfield, NJ 07006 TWX: 5102520893 (919) 876-3132 (914) 937-7400 

(201) 227-7960 Pioneer Northeast TWX: 510 928 1856 OKLAHOMA 
TWX: 710 734 4312 840 Fairport Rd. Arrow Electronics Arrow Electronics 
Nu Horizons Electronics Fairport, NY 14450 938 Burke Street 12111 E. 51 st Street 
39 Route 46 (716) 381-7070 Winston-Salem, NC 27101 Tulsa, OK 74146 
Pinebrook, NJ 07058 TWX: 5102537001 (919) 725-8711 (918) 252-7537 
(201) 882-8300 Summit Electronics TWX: 510 9313169 Hamilton! Avnet 
Pioneer 916 Main Street Hamilton! Avnet 12121 East 51st St. 
45 Route 46 Buffalo, NY 14202 3510 Spring Forest Road Suite 102A 
Pine Brook, NJ 07058 (716) 887-2800 Raleigh, NC 27601 Tulsa, OK 74146 
(201) 575-3510 TWX: 710 522 1692 (919) 878-0810 (918) 252-7297 
TWX: 710 734 4382 Summit Electronics TWX: 510 928 1836 Quality Components 

NEW JERSEY-Southern 292 Commerce Drive Pioneer Technology 3158 South 108th East Ave. 

Arrow Electronics 
Rochester, NY 14623 9801-A Southern Pine Blvd. Suite 274 

6000 Lincoln Drive East 
(716) 334-8110 Charlotte, NC 28210 Tulsa, OK 74146 

Marlton, NJ 08053 Time Electronics (704) 527-8188 (918) 664-8812 

(609) 596-8000 6075 Corporate Dr. TWX: 810 621 0366 Radio Inc. 
TWX: 710 897 0829 East Syracuse, NY 13057 OHIO 1000 South Main Street 

Hamilton! Avnet 
(315) 432-0355 

Arrow Electronics Tulsa, OK 74119 

One Keystone Ave. 
TWX: 510 1006192 

7620 McEwen Rd. (918) 587-9123 

Cherry Hill, NJ 08003 NEW YORK-Metro Area Centerville, OH 45459 TWX: 49 2429 

(609) 424-0100 Arrow Electronics (513) 435-5563 OREGON 
TWX: 710 9400262 20 Oser Ave. TWX: 810 4591611 Almac-Stroum Electronics 

NEW MEXICO Hauppauge, NY 11788 Arrow Electronics 1885 N.W. 169th Place 

Alliance Electronics Inc. 
(516) 231-1000 6238 Cochran Rd. Beaverton, OR 97006 

11030 Cochiti S.E. 
TWX: 510 227 6623 Solon, OH 44139 (503) 629-8090 

Albuquerque, NM 87123 Hamilton! Avnet (216) 248-3990 TWX: 9104678743 

(505) 292-3360 833 Motor Parkway TWX: 810 427 9409 Anthem Electronics 
TWX: 910 9891151 Hauppauge, NY 11788 Bell Industries 9705 S.W. Sunshine Ct. 

Arrow Electronics 
(516) 434-7413 444 Windsor Park Drive Suite 900 

2460 Alamo Ave. S.E. Hamilton! Avnet Export Div. Dayton, OH 45459 Beaverton, OR 97005 

Albuquerque, NM 87106 1065 Old Country Rd., #211A (513) 435-8660 (503) 643-1114 

(505) 243-4566 Westbury, NY 11590 Bell Industries Arrow Electronics 
TWX: 910 989 1679 (516) 997-6868 Micro-Mil Division 1800 NW 167th Place 

Bell Industries Anthem Electronics 118 Westpark Road Suite 145 

11728 Linn N.E. 400 Oser Ave. Dayton, OH 45459 Beaverton, OR 97006 

Albuquerque, NM 87123 Hauppauge, NY 11787 (513) 434-8231 (503) 645-6456 

(505) 292-2700 (516) 273-1660 TWX: 810 4591615 TWX: 910 464 0007 

TWX: 910 989 0625 TWX: 510 2271042 CAM!OHIO Electronics Bell Industries 

Hamilton! Avnet Nu Horizons Electronics 749 Miner Road 6024 S.W. Jean Rd. 

2524 Baylor Drive S.E. 6000 New Horizons Blvd. Highland Heights, OH 44143 Lake Oswego, OR 97034 

Albuquerque, NM 87106 Amityville, NY 11701 (216) 461-4700 (503) 241-4115 

(505) 765-1500 (516) 226-6000 TWx: 810 427 2976 TWX: 9104558177 

TWX: 910 989 1631 Pioneer Hamilton! Avnet Hamilton! Avnet 

NEW YORK-Upstate 60 Crossways Park West 954 Senate Drive 6024 S.W. Jean Rd. 

Arrow Electronics 
Woodbury, NY 11797 Dayton, OH 45459 Bldg. C, Suite 10 
(516) 921-8700 (513) 439-6700 Lake Oswego, OR 97034 

3375 Brighton-Henrietta TWX: 7103266617 TWX: 810 450 2531 (503) 635-7850 
Townline Rd. 
Rochester, NY 14623 Time Electronics Hamilton! Avnet PENNSYLVANIA-Eastern 

(716) 427-0300 70 Marcus Boulevard 30325 Bainbridge Rd., Bldg. A Arrow Electronics 
TWX: 5102534766 Hauppauge, NY 11788 Solon, OH 44139 650 Seco Rd. 

Hamilton! Avnet 
(515) 273-0100 (216) 831-3500 Monroeville, PA 15146 

103 Twin Oaks Drive 
TWX: 858881 TWX: 810 427 9452 (412) 856-7000 

Syracuse, NY 13206 Zeus Components Inc., Reg 1 Hamilton! Avnet TWX: 710 797 3894 

(315) 437-2641 NY!ROCKINJ!E PAl CT 777 Brooksedge Blvd. CAM!RPC IND ElectroniCS 
TWX: 710 541 1506 100 Midland Ave. Westerville, OH 43081 620 Alpha Drive 

Hamilton! Avnet 
Port Chester, NY 10573 (614) 882-7004 RIDC Park 

2060 Town Line Road 
(914) 937-7400 Pioneer Standard Pittsburgh, PA 15238 

Rochester, NY 14623 Zeus Components Inc., Reg 1 B 4800 East 131st Street (412) 782-3770 

(716) 475-9130 Long IslandlNYC Cleveland, OH 44105 TWX: 710 795 3126 

TWX: 510 253 5470 2110 Smithtown Ave. (216) 587-3600 Hamilton! Avnet 
Ronkonkoma, NY 11779 TWX: 810 422 2210 2800 Liberty Ave. 
(516) 737-4500 Pioneer Standard Pittsburgh, PA 15227 

4433 Interpoint Blvd. (412) 281-4150 
Dayton, OH 45424 
(513) 236-9900 
TWX: 810 4591683 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

PENNSYLVANIA-Eastern Pioneer Electronics WISCONSIN Semad Electronics Ltd. 
(Continued) 5853 Point West Drive Arrow Electronics 1827 Woodward Dr. #303 

Anthem Electronics Houston, TX 77036 200 N. Patrick Blvd. Ottawa, Ontario K2C OR3 

101 Rock Road (713) 988·5555 Brookfield, WI 53005 (613) 727·8325 

Horsham, PA 19044 TWX: 910 881 1606 (414) 792·0150 Zentronics 
(215) 443·5150 Quality Components TWX: 910 2621193 8 Tilbury Ct. 

Pioneer Technology 1005 Industrial Blvd. Bell Industries Brampton, Ontario L6T 3T4 

261 Gibraltar Road Sugarland, TX 77478 W227 N913 Westmound Ave. (416) 451·9600 

Horsham, PA 19044 (713) 240·2255 Waukesha, WI 53186 TWX: 06 97678 

(215) 674·4000 TWX: 910 881 7251 (414) 547·8879 Zentronlcs 
TWX: 510 665 6778 Quality Components TWX: 910 2621156 Edmonton Sales Office 

Pioneer·Pittsburgh 2120M Braker Lane Hamilton! Avnet Edmonton, Alberta T6N 1 B2 

259 Kappa Drive Austin, TX 78758 2975 Moorland Rd. (403) 468·8306 

Ridgepark (512) 835·0220 New Berlin, WI 53151 Zentronics 
Pittsburgh, PA 15238 TWX: 910 8741377 (414) 784·4516 11400 Bridgeport Rd., Unit 108 
(412) 782·2300 Quality Components Taylor Electric Richmond, B.C. V6X 1T2 
TWX: 710 795 3122 4257 Kellway Circle 1000 West Donges Bay Road (604) 273·5575 

Time Electronics Addison, TX 75001 Mequon, WI 53092 TWX: 04 355844 

600 Clark Ave. (214) 733·4300 (414) 241·4321 Zentronics 
King of Prussia, PA 19406 TWX: 910 660 5459 TWX: 910 262 3414 155 Colonade Rd. So. 
(215) 337·0900 Zeus Components Inc., Reg 7 CANADA Units 17 & 18 
TWX: 845317 TX, AR, OK, LA, KS, MO, 10, NE 

Electro Sonic Inc. 
Nepean, OntariO K2E 7K1 

TENNESSEE 1800 N. Glenville Rd. 
1100 Gordon Baker Road 

(613) 226·8840 

Bell Industries 
Richardson, TX 75081 

Willowdale, Ontario M2H 3B3 Zentronics 

Instate: (800) 752·2050 
(214) 783·7010 

(416) 494·1666 817 McCaffrey St. 

Out of State: (800) 433·8301 UTAH TWX: 06 525295 Ville st. Laurent, Quebec H4T 1 N3 

TEXAS Anthem Electronics Hamilton! Avnet 
(514) 737·9700 

Arrow Electronics 
1615 West 2200 South #A 2550 Boundary Rd. # 105 Zentronics 

3220 Commander Dr. 
Salt Lake City, UT 84119 Burnaby, B.C., V5M 3Z0 93·1313 Border St. 

Carrollton, TX 75006 
(801) 973·8555 (604) 437·6667 Winnipeg, Manitoba R3H OX4 

(214) 380·6464 Arrow Electronics Hamilton! Avnet 
(204) 694·1957 

TWX: 910 860 5377 1946 W. Parkway Blvd. 2816 21st N.E. Zentronlcs 

Arrow Electronics 
Salt Lake City, UT 84119 Calgary, Alberta T2E 6Z2 Waterloo Sales Office 

2227 West Braker Lane 
(801) 973·6913 (403) 250·9380 Waterloo, Quebec H4T 1 N3 

Austin, TX 78758 Bell Industries TWX: 03 827642 (800) 387·2329 

(512) 835·4180 3639 West 2150 South Hamilton! Avnet Zentronics 

TWX: 910 874 1348 Salt Lake City, UT 84120 2795 Rue Halpern Saskatoon Sales Office 

Arrow Electronics 
(801) 972·6969 St. Laurent, Quebec H4S 1 P8 Saskatoon, Alberta R3H OX4 

10899 Kinghurst Dr. Hamilton! Avnet (514) 335·1000 (306) 955·2207 

Suite 100 1585 West 2100 South TWX: 610 421 3731 Zentronics 

Houston, TX 77099 Salt Lake City, UT 84117 Hamilton! Avnet 6815 8th St. N.E. 

(713) 530·4700 (801) 972·4300 6845 Redwood Drive 3, 4, 5 Suite 100 

TWX: 910 880 439 TWX: 910 925 4018 Misslssauga, Ontario L4V 111 Calgary, Alberta T2E 7H7 

Hamilton! Avnet WASHINGTON (416) 677·7432 (403) 272·1021 

2111 West Walnut Hill Ln. Almac·Stroum Electronics TWX: 610 492 8867 TWX: 04 355844 

Irving, TX 75062 14360 S.E. Eastgate Way Hamilton! Avnet 
(214) 550·7755 Bellevue, WA 98007 190 Colonnade Rd. 
TWX: 07 32359 (206) 643·9992 Nepean, Ontario K2E 7L5 

Hamilton! Avnet TWX: 910 444 2067 (613) 226·1700 

4850 Wright Road # 190 Anthem Electronics TWX: 053 4971 

Staford, TX 77477 5020 148th Ave. N.E. Semad Electronics Ltd. 
(713) 240·7733 Suite 103 243 Place Frontenac 
TWX: 910 881 5523 Redmond, WA 98052 Pointe Claire, Quebec H9R 4Z7 

Hamilton! Avnet (206) 881·0850 (514) 694·0860 

1807 A West Braker Lane TWX: 910 997 0118 Semad Electronics Ltd. 
Austin, TX 78758 Arrow Electronics 3700 Gilmore Way #210 
(512) 837·8911 19450 68th Ave. South Burnaby, B.C. V5G 4M1 
TWX: 910 874 1319 Kent, WA 98032 (604) 438·2515 

Pioneer Electronics (206) 575·4420 Semad Electronics Ltd. 
1826 Kramer Lane TWX: 9104442034 75 Glendeer Dr. S.E. #210 
Suite 0 Hamilton! Avnet Calgary, Alberta T2H 2S8 
Austin, TX 78758 14212 North East 21st (403) 252·5664 
(512) 835·4000 Bellevue, WA 98005 

Pioneer Standard (206) 453·5844 

13710 Omega Road 
Dallas, TX 75240 
(214) 386·7300 
TWX: 910 860 5563 
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SALES OFFICES 

ALABAMA FLORIDA MINNESOTA OREGON 
Huntsville Boca Raton Bloomington Portland 

(205) 837-8960 (305) 997-8133 (612) 835-3322 (503) 639-5442 
(205) 721-9367 Orlando (612) 854-8200 PENNSYLVANIA 

ARIZONA (305) 629-1720 NEW JERSEY Horsham 
Tempe SI. Petersburg Paramus (215)675-6111 

(602) 966-4563 (813) 577-1380 (201) 599-0955 Willow Grove 

B.C. GEORGIA NEW MEXICO (215) 657-2711 

Burnaby Atlanta Albuquerque PUERTO RICO 
(604) 435-8107 (404) 396-4048 (505) 884-5601 Rio Piedias 

CALIFORNIA 
Norcross 

NEW YORK (809) 758-9211 

Encino 
(404) 441-2740 

Endicott QUEBEC 
(818) 888-2602 ILLINOIS (607) 757-0200 Dollard Des Ormeaux 

Inglewood Schaumburg Fairport (514) 683-0683 
(213) 645-4226 (312) 397-8777 (716) 425-1358 Lachine 

Roseville INDIANA (716) 223-7700 (514) 636-8525 
(916) 786-5577 Carmel Melville TEXAS 

San Diego (317) 843-7160 (516) 351-1000 Austin 
(619) 587-0666 Fort Wayne Wappinger Falls (512) 346-3990 

Santa Clara (219) 484-0722 (914) 298-0680 Houston 
(408) 562-5900 IOWA NORTH CAROLINA (713) 771-3547 

Tustin Cedar Rapids Cary Richardson 
(714) 259-8880 (319) 395-0090 (919) 481-4311 (214) 234-3811 

Woodland Hills 
KANSAS OHIO UTAH (818) 888-2602 

Overland Park Dayton Salt Lake City 
COLORADO (913) 451-8374 (513) 435-6886 (801) 322-4747 

Boulder 
MARYLAND Highland Heights WASHINGTON (303) 440-3400 

Hanover (216) 442-1555 Bellevue Colorado Springs 
(301) 796-8900 (216) 461-0191 (206) 453-9944 (303) 578-3319 

Englewood MASSACHUSETTS ONTARIO WISCONSIN 
(303) 790-8090 Burlington Mississauga Brookfield 

(617) 273-3170 (416) 678-2920 (414)782-1818 CONNECTICUT 
Waltham Nepean Milwaukee Fairfield 

(617) 890-4000 (404) 441-2740 (414) 527-3800 (203) 371-0181 (613) 596-0411 
Hamden MICHIGAN Woodbridge 

(203) 288-1560 W. Bloomfield (416) 746-7120 
(313) 855-0166 
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