


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DM54S189(A), DM74S189(A) Switching Time Waveforms 

CHIP ENABLE 
INPUT (NOTE 31 

WAVEFORM 1 
INOTE 11 

WAVEFORM 2 
(NOTE 11 

Enable and Disable Time from Chip-Enable 
3V 

Ov------~-,----~------------' 

~.5V 

VOL 

VOl< 

"<=1,5V 

Access Time from Address Inputs 

ADDRESS 
INPUTS 

INOTE 21 

3V~"" __ -----",,~ 
I. LW 

ov __ J ' '------_. 

IAA ::::::l IAA I ___ 
OUTPUT VOH ------- ~5V y.5V 

VOL ____________________ ,. _________ J 

ADDRESS 
INPUTS 

DATA 
INPUTS 

CHIP ENABLE 
INPUT 

REAO,wRITE 
INPUT 

WAVEFORM I 
(NOTE 11 

Write Cycle 

3V 

3V 

DV 

3V 

DV 

~1.5V ------------r------r-"..--t----..ri---:-:-. 

VOL -------+---'-
WAVEFORM 2 VOH ----------

(SIOPEN. 
S2 CLOSEOI 

(NOTE 11 >I.5V ----------------------~,-...... ----....... ~.....::l_ 

FIGURE 1 

TL/D/9232-2 

TL/D/9232-3 

TLlD/9232-4 

Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output with internal conditions 
such that the output is high except when disabled. 

Note 2: When measuring delay times from address inputs, the chip·enable input is low and the read/write input is high. 

Note 3: When measuring delay times from chip-enable input, the address inputs are steady-state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: tr ,; 2.5 ns, tl ,; 2.5 ns, PRR ,; 1 MHz and ZOUT ~ '" son. 
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Block Diagram 

A 

15 
B 

ADDRESS 
INPUTS 14 

C 

13 
o 

AC Test Circuits 

ADDRESS 
BUFFERS 

64-BIT MEMORY 
MATRIX 

ORGANIZED 
16.4 

4 

DATA INPUTS {:: ~:O~ __ +-_+-.... 
12 

D4~-----i---+---+-J 

Yl 
\ 

FIGURE 3 

DM54S189(A}/DM74S 189(A} 

Vee 
TEST 
POINT 

FROM 
OUTPUT _ .... __ .... -+ .. _. 
UNDER 

TEST 

Y2 Y3 

OUTPUTS 

CL includes probe and jig capacitance. 

All diodes are 1 N3064. TL/D/9232-6 

FIGURE 4 
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~National 
~ Semiconductor 
DM74S289 
64-Bit (16 x 4) Open-Collector RAM TRI-STATE® RAM 

General Description 
These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) arrays or­
ganized as 16 words of 4 bits each. They are fully decoded 
and feature a chip-enable input to simplify decoding re­
quired to achieve the desired system organization. The 
memories feature PNP input transistors that reduce the low 
level input current requirement to a maximum of - 25 mA, 
only one-eighth that of a DM74S standard load factor. The 
chip-enable circuitry is implemented with minimal delay 
times to compensate for added system decoding. 

Write Cycle: The complement of the information at the data 
input is written into the selected location when both the 
chip-enable input and the read/write input are low. While 
the read/write input is low, the outputs are in the high­
impedance state. When a number of the DM74S289 

Connection Diagram 

Dual-in-Line Package 
SELECT INPUTS DATA DATA . , INPUT DUTPUT INPUT DUTPUT 

Vr D 4 V4 3 V3 

16 15 14 13 12 " 10 

SELECT CHIP READI DATA DUTPUT DATA DUTPUT 
INPUT A ENABLE WRITE INPUT VI INPUT VZ 

I 2 

TL/D/9693-1 

Top View 

Order Number DM74S289J or DM74S289N 
See NS Package Number J16A or N16E 

outputs are bus connected, this high-impedance state will 
neither load nor drive the bus line, but it will allow the bus 
line to be driven by another active output or a passive pull­
up if desired. 

Read Cycle: The stored information (complement of infor­
mation applied at the data inputs during the write cycle) is 
available at the outputs when the read/write input is high 
and the chip-enable is low. When the chip-enable is high, 
the outputs will be in the high-impedance state. 

Features 
• Commercial address access time 25 ns 
• Features open-collector output 
• Compatible with most TTL circuits 
• Chip-enable input simplifies system decoding 

Truth Table 

Function 

Write (Store 
Complement of Data) 

Read 

Inhibit 

inputs 

Chip- Readl 
Enable Write 

L L 

L H 

H X 

H = High Level, L = Low Level, X = Don'l Care 
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Output 

High-Impedance 

Stored Data 

High-Impedance 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
please contact the National Semiconductor Sales Supply Voltage (Vccl 
Office/Distributors for availability and specifications. DM74S289 4.75 5.25 V 
Supply Voltage, Vcc 7.0V Temperature (TAl 
Input Voltage 5.5V DM74S289 0 +70 'C 

Output Voltage 5.5V 
Storage Temperature Range - 65'C to + 150'C 
Lead Temperature (Soldering 10 Sec.) +300'C 

DM74S289 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 O.B V 

VOH High Level Output Voltage Vcc = Min IOH = -6.5mA 2.4 3.2 V 

ICEX High Level Output Current Vcc = Min VOH = 2.4V 40 p.A 
VOH = 5.5V 100 

VOL Low Level Output Voltage Vcc = Min,loL = 16 mA 0.45 V 

IIH High Level Input Current Vec = Max, VI = 2.7V 25 p.A 

II High Level Input Current Vee = Max, VI = 5.5V 1.0 mA at Maximum Voltage 

IlL Low Level Input Current Vcc = Max, VI = 0.45V -250 p.A 

Icc Supply Current (Note 4) Vcc = Max 75 110 mA 

VIC Input Clamp Voltage Vcc = Min,ll = -1B mA -1.2 V 

CIN Input Capacitance Vee = 5V, VIN = 2V, T A = 25'C, 1 MHz 4.0 pF 

Co Output Capacitance Vee = 5V, Vo = 2V, 6.0 pF T A = 25'C, 1 MHz, Output "Off" 

DM74S289 Switching Characteristics 
Over recommended operating ranges of T A and Vee unless otherwise noted 

DM74S289 
Symbol Parameter Conditions Typ Units 

Min (Note 2) Max 

tAA Access Time from Address CL = 30pF, 25 35 ns 

tcHL Enable Time from RL1 = 3000, 

Chip·Enable RL2 = 6000 12 17 ns 

twHL Enable Time from Sense Recovery Time 
(Figure 4) 

Read/Write from Read/Write 12 25 ns 

tcLH Disable Time from Chip-Enable 12 20 ns 

tWLH Disable Time from Read/Write 13 25 ns 

twp Width of Enable Pulse (Read/Write Low) 25 ns 

tASW Setup Time (Figure 2) Address to Read/Write 0 ns 

tDSW Data to Read/Write 25 ns 

tcsw Chip-Enable to Read/Write 0 ns 

tAHW Hold Time (Fl{Jure 2) Address from Read/Write 0 ns 

tDHw Data from Read/Write 0 ns 

tCHW Chip-Enable from Read/Write 0 ns 
Note 1: "Absolute Maximum Ra~ngs" 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 Characteris~cs provides conditions lor actual device 
operation. 
Note 2: Unless othelWise specified minImax limits apply across the -55'C to + 125'C temperature range for the DM54S189 and across the O"C to -70"C range 
for the DM74S189/289. All typicals are given for Vee = 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 unle.s othelWise noted. All values shown 
as max or min on absolute value basis. 
Note 4: lee is measured with all Inputs grounded, and the outputs open. 
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DM74S289 Switching Time Waveforms 

CHIP ENABLE 
INPUT 

(NOTE 3) 

WAVEFORM I 
(NOTE 11 

ADDRESS 
INPUTS 

(NOTE Z) 

Enable and Disable Time from Chip-Enable 
3V 

1= :i}-OV 

VOH 
~,t 

1.5V 1.5V 

VOL 

Access Time from Address Inputs 

3V~_-------'{ 
, ID ~ 

OV __ J '--____ . 

1AA::::I -IAA I r--

OUTPUT VOH -------- ~5V J1.5V 
VOL ___________________ ~.~ ______________ J 

Write Cycle 

3V 
ADDRESS 

INPUTS 

3V 
DATA 

INPUTS 

3V 
CHIP ENABLE 

INPUT 
OV 

3V 
READ/WRITE 

INPUT 
OV 

VOH 
WAVEFDRM I 

(NOTE I) 
VOL 

/--IwLH--' 

---I).' -"'~ 1.5V 

FIGURE 2 
Note 1: Waveform I Is for the output with internal condijions such that the output is low except when disabled. 

Note 2: When measuring delay times from address inputs, the chip-enable is low and the read/write Input is high. 

Note 3: When measuring delay times from chip-enable input, the address inputs are steady·state and the read/write input Is high. 

TLiD/9693-2 

TLiD/9693-3 

TLiO/9693-4 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics Ir ,;; 2.5 ns, tf ,;; 2.5 ns. PRR ,;; 1 MHz and ZOUT ~ son. 
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I Block Diagram 

21 

ADDRESS 
INPUTS 

AC Test Circuit 

ADDRESS 
BUFFERS 

64·BIT MEMDRV 
MATRIX 

ORGANIZED 
1604 

4 

DATA INPUTS {~: _~~O:-__ f-_+-..1 
12 D4-----__ ~ __ ~--~ 

VI V2 V3 
\ 

OUTPUTS 

FIGURE 3 

Vee 

FROM 
O~:~~~ ___ ... ____ _ 

TEST 

TL/D/9693-6 
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,----------------------------------------------------------------------------, U) 

~National 
~ Semiconductor 
93L415A 1024 X 1-Bit 
Static Random Access Memory 

General Description Features 
The 93L415A 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. 

• New design to replace old 93415/93L415 
• Improved ESD thresholds 
• Alpha hard without die coat 
• Commercial address access time 

93L415A 25 ns max 

• Features open collector output 
• Power disSipation decreases with increasing 

temperature 

Connection Diagram 

logic Symbol 

vee = Pin 16 

GND = Pin 8 

2- AO CS 
3- AI 
4- A2 
5- A3 
6- A4 
9- AS 

10- A6 
11- A7 
12- AS 
13- A9 

16-Pin DIP 

CS-l 
'-../ 

16 -Vee 
AO- 2 15 -D 

Al- 3 14 -WE 
A2- 4 13 -A9 

A3- 5 12 -AS 

A4- 6 ll-A7 

0- 7 10 -A6 

GND- S 9 -AS 

TLlD/l0D03-1 

Top View 

Order Number 93L415ADC or 93L415APC 
See NS Pacl(age Number J16A· and N16E* 

Optional Processing QR = Bum-In 

'For most current package Information, contact product marketing. 

CS 

D WE 
AO-A9 

WE 

93L41SA 
D 

o 
o 

TLlD/l0003-3 
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Pin Names 

Chip Select Input 
Active LOW 

Address Inputs 

Write Enable Input 
Active LOW 

Data Input 

Data Output 

Co) 

!; ... 
~ 

III 



Absolute Maximum Ratings Guaranteed Operating Ranges 
If Military/Aerospace specified devices are required, Supply Voltage (Vee) 
please contact the National Semiconductor Sales Commercial 5.0V ±5% 
Office/Distributors for availability and specifications. Case Temperature (Tel 
Above which the useful life may be impaired Commercial O'Cto +75'C 
Storage Temperature - 65'C to + 150'C 

Supply Voltage Range -0.5Vto +7.0V 

Input Voltage (DC) (Note 1) -0.5VtoVee 

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

Voltage Applied to Outputs 
(Note 2) -0.5V to 5.5V 

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

Maximum Junction Temperature (T J) + 175'C 

Output Current +20mA 

DC Characteristics over operating temperature ranges (Note 3) 

Symbol Parameter Conditions Min Typ Max Units 

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

VIH Input HIGH Volt~ge Guaranteed Input HIGH Voltage 
2.1 

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) 

IlL Input LOW Current Vee = Max, VIN = 0.4V -180 -300 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 

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

leEX Output Leakage Current Vee = Max, VOUT = 4.5V 1.0 100 p.A 

lee Power Supply Current Vee = Max, All Inputs = GND 
65 mA 

Output is Open 
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AC Electrical Characteristics (Note 6) Vcc = 5.0 ± 5%, GND = OV, T c = O'C to + 75'C 

Symbol Parameter Conditions Min Max Units 

READ TIMING 

tACS Chip Select Access Time 
Figures 

15 ns 

tRCS Chip Select Recovery Time 3a,3b 15 ns 

tAA Address Access Time (Note 7) 25 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee 
20 

Writing (Note 8) 
ns 

tWSD Data Setup Time Prior to Write 5 ns 

tWHD Data Hold Time after Write 5 ns 

tWSA Address Setup Time Prior 
Figure 4 5 ns 

to Write (Note 8) 

tWHA Address Hold Time after Write 5 ns 

tWSCS Chip Select Setup Time Prior to Write 5 ns 

tWHCS Chip Select Hold Time after Write 5 ns 

tws Write Enable to Output Disable 15 ns 

tWR Write Recovery Time 15 ns 
Note 1: Either input voltage limit or input current limit sufficient to protect the inputs. 

Note 2: Output current limit required. 

Note 3: Typical values are at Vce = S.OV, T e = + 2S'C and maximum loading. 

Note 4: Tested under static condition only. 

Note 5: Functional testing done at input levels VIL = O.4SV (VOL Max) and VIH = 2.4V (VOH Min). 

Note 6: AC testing done at input levels VIH = 3V, VIL = OV. 
Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 

Note 8: tw measured at tWSA = Min. twSA measured at tw = Min. 
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~r-------------------------------------------------------' 

~ Logic Diagram 
C") 
G) 

ADDRESS 
DECODER 

WDRD 
DRIVER 

32x32 ARRAY 

0 

SENSE AMPS 
cs 

&: 
WRITE DRIVERS 

WE 

D 
ADDRESS 
DECODER 

AS A6 A7 A8 A9 

Truth Table 
Inputs 

CS WE D 

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

H = HIGH Voltage Level: 2.4V 
L = LOW Voltage Level: O.45V 
X = Oon't Care (HIGH or LOW) 

Outputs 

0 

H 
H 
H 

OOUT 

Functional Description 

Mode 

Not Selected 
Write "0" 
Write "1" 
Read 

The 93L415Pi is a fully decoded 1024-bit read/write Ran­
dom Access Memory organized 1024 words by one bit. Bit 
selection is achieved by means of a 10-bit address AO 
through 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 93L415A are controlled 
by the state of the active low chip select (CS) input. The 
write function is controlled by the active low write enable 
(WE) input. With CS held low and WE held low, the data (D) 
is written into the memory location specified by addresses 

TL/D/10003-2 

(AO through A9). To assure a valid write, data setup (tW50), 
address setup (twsAl, data hold (tWHO), and address hold 
(tWHA) times must be met. When WE is held HIGH and the 
chip selected, data is read from the addressed location and 
presented at the output O. 

An open collector output is provided to allow maximum flexi­
bility in output connection. In many applications such as 
memory expansion, the outputs of many 93L415As can be 
tied together. In other applications the wired-OR is not used. 
In either case an external pull-up resistor of RL value must 
be used to provide a HIGH at the output when the chip is 
deselected. Any RL value within the range specified below 
may be used. 

Vee (Max) S; R S; Vee (Min) - VOH 
IOL - FO (1.6) L n (leEXl + FO (0.04) 

RL is in kG 
n = number of wired-OR outputs tied together 
FO = number of TTL Unit Loads (UL) driven 
leEX = Memory Output Leakage Current 
VOH = Required Output HIGH Level at Output Node 
IOL = Output LOW Current 

The minimum RL value is limited by the output current sink­
ing ability. The maximum RL value is determined by the out­
put and input leakage current which must be supplied to 
hold the output at VOH. 

One Unit Load = 40 fI-A HIGH/1.6 mA LOW. 

FOMAX = 5 UL. 
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r-------------------------------------------------------------------------------------, U) 

Functional Description (Continued) 

Vee 

30OD. 

93L415A 30'pF 

'Includes jig and probe capacitance 

FIGURE 1. AC Test CIrcuit 

TlID/l0003-4 
Tl/D/l0003-5 

FIGURE 2. AC Test Input Levels 

...w~"I 
DATA OUTPUT 1.5V 

TlID/l0003-6 

a. Read Mode Propagation Delay from Chip Select 
b. Read Mode Propagation Delay 

from Address Valid 
FIGURE 3. Read Mode Timing 

CHIP SELECT 1.5V 

ADDRESS 1.5V 

,-------------------------, DATA INPUT 1.5V 

TlID/l0003-7 

._---. ----- -_ .. .. _- ------------
tw 

1.5V 
tWHD 

~ 
,..::.:..:::0. 

-tWHA -

WRITE ENABLE 

-1wsA- -tWHcs-------
-twscs .'. tws -tWR 

DATA OUTPUT -------_____ 1~ O ... 5-V----------~ ___ _ 

FIGURE 4. Write Mode TimIng 
Note 1: Timing Diagram represents one solution which results in an optimium 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 3.0V/OV. 
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~ ~NaHonal 
~ ~ Semiconductor 

93L422A 
256 x 4-Bit Static Random Access Memory 

General Description 
The 93L422A is a 1024-bit read/write Random Access 
Memory (RAM) organized 256 words by four bits. 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 
two Chip Select lines. 

Connection Diagram 
22-PinDIP 

'-" AS-I 

A2- 2 

Al- 3 

AO- 4 

AS- 5 

A6- 6 

A7- 7 

GND- 8 

00- 9 

00- 10 

Dl- 11 

Top View 

22 -Vee 

21 -A4 

20 -ViE 
19 -CSl 
18 -Of 
17 -CS2 

16 -03 

15 -03 

14 -02 

13 -D2 

12 -01 

TL/O/9996-1 

Order Number 93L422ADC or 93L422APC 
See NS Package Number J22A' or N22A' 

Optional Processing OR = Bum·ln 
'For most current package Information, contact product marketing 

Logic Symbol 

Features 
• New design to replace old 93422/93L422 
• Improved ESD thresholds 
• Alpha hard without die coat 
• Commercial address access time 

93L422A 25 ns 

• Fully TTL compatible 
• Features TRI-STATECIl outputs 
• Power dissipation decreases with increasing tempera­

ture 

Pin Names 

AO-A7 Address Inputs 

00-03 Data Inputs 

CS1 Chip Select Input (Active LOW) 

CS2 Chip Select Input (Active HIGH) 

WE Write Enable Input (Active LOW) 

Output Enable Input (Active LOW) 

00-03 Data Outputs 

CS WE 00 Dl D2 D3 

(4) 4- AO 

(3) 3- AI 

(2) 2- A2 

(t) 1- AS 
93L422A 

(23) 21- A4 

(5) 5- AS 

(6) 6- A6 

(7) 7- A7 

OE 00 01 02 03 

! l1LLt 
(20)(10)(14)(16)(18) 

TUO/9996-3 
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Absolute Maximum Ratings Guaranteed Operating Ranges 
Above which the useful life may be impaired Supply Voltage (Vee) 5.0V ±5% 
If Military/Aerospace specified devices are required, Case Temperature (T cl O'Cto +75'C 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature -65'C to + 150'C 

Supply Voltage Range -0.5Vto +7.0V 

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

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

Voltage Applied to Outputs (Note 2) -0.5Vto +5.5V 

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

Maximum Junction Temperature (TJ) + 175'C 

Output Current +20mA 

DC Characteristics over operating temperature ranges (Note 3) 

Symbol Parameter Conditions Min Typ Max Units 

VOL Output LOW Voltage Vee = Min, 10L = 8 mA 0.3 0.45 V 

VIH Input HIGH Voltage Guaranteed Input HIGH Voltage 
2.1 

for All Inputs (Notes 4, 5 & 6) 

VIL Input LOW Voltage Guaranteed Input LOW Voltage 
0.8 

for Allinpuis (Notes 4, 5 & 6) 

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

IlL Input LOW Current Vee = Max, VIN = 0.4V -150 -300 /LA 

IIH Input HIGH Current Vee = Max, VIN = 4.5V 1.0 40 /LA 

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

VIC Input Diode Clamp Voltage Vee = Max, liN = -10 mA -1.0 -1.5 V 

10ZH Output Current (HIGH Z) Vee = Max, VOUT = 2.4V 50 /LA 

10ZL Vee = Max, VOUT = 0.5V -50 /LA 

los Output Current Short Vee = Max (Note 7) 
-10 -70 mA 

Circuit to Ground 

Icc Power Supply Current Vee = Max, All Outputs Open, 
80 mA All Inputs = GND 
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AC Electrical Characteristics (Note 6) Vee = 5.0V ± 5%, GND = OV, Tc = O"C to + 75·C 

Symbol I Parameter I Conditions I Min I Max I Units 

READ TIMING 

tACS Chip Select Access TIme 20 ns 

tZACS Chip Select to High Z 
Figures 

20 ns 

tAOS Output Enable Access Time 3a,3b,3c 20 ns 

tZAOS Output Enable to HIGH Z 20 ns 

tAA Address Access Time (Note 8) 25 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing 
20 ns 

(Note 9) 

tWSD Data Setup Time prior to Write 5 ns 

tWHD Data Hold Time aiter Write 5 ns 

tWSA Address Setup Time prior to Write 
Figure 4 5 ns 

(Note 9) 

tWHA Address Hold Time aiter Write 5 ns 

twscs Chip Select Setup Time prior to Write 5 ns 

tWHCS Chip Select Hold Time aiter Write 5 ns 

tzws Write Enable to Output Disable 20 ns 

twA Write Recovery Time 20 ns 

Note 1: Either Input voltage limit or Input current limit sufficient to protecting Inputs. 
Note 2: Output current IImR required. 
Note 3: Typical values are at Vee = S.OV, Ie = + 2S'O and maximum loading. 
Note 4: Static condition only. 
Note 5: Functional testing done at Input levels VIL = O.4SV <VOL Max) and VIH = 2.4V (VOH Min). 
Note 6: AO testing done at Input levels VIH = 3V, VIL = OV. 
Note 7: Short circuit to ground not to exceed one second; ground only one output at a time. 
Note 8: The maximum address access time Is guaranteed to be the worst case bit In the memory using a pseudorandom testing pattem. 
Note 9: tw measured at twSA = Min. twSA measured at tw = Min . 

. 
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Logic Diagram 

AO 

AI 

A2 

A3 

A4 

Truth Table 

OE CS1 

X H 
X X 
L L 
X L 
H X 

H = HIGH Vollage Level 2.4V 
L = LOW Voltage Level 0.45V 
X = Don'l Care HIGH or LOW 
HIGH Z = High·lmpedance 

ROW 
SELECT 

Inputs 

Functional Description 

CS2 

X 
L 
H 
H 
X 

INPUT DATA 
CONTROL 

32x32 
MEMORY 
ARRAY 

COLUMN 
SELECT 

AS A6 A7 

The 93L422A is a fully decoded 1024·bit Random Access 
Memory organized 256 words by four bits. Word selection is 
achieved by means of an a·bit address AO-A7. 

Two Chip Select Inputs, inverting and non·inverting, are pro­
vided for logic flexibility. For larger memories, the fast chip 
select access time permits the decoding of the chip selects 
from the address without increasing address access time. 

The read and write operations are controlled by the state of 
the active LOW Write Enable WE input. When WE is held 

X 
X 
H 
L 
X 

5-23 

00 

OUTPUT 01 
DATA 

CONTROL 02 

03 

Outputs 

TRI-STATE 

HIGHZ 
HIGHZ 

DOUT 
HIGHZ 
HIGHZ 

CS2 
CSI 

TL/D/9996-2 

Mode 

Not Selected 
Not Selected 
READ 
WRITE 
Output Disabled 

LOW and the chip is selected, the data at 00-03 is written 
into the address location. Since the write function is level­
triggered, data must be held stable for at least twSD (Min) 
plus tw (Min) plus IWHD (Min) 10 insure a valid write. To read, 
WE is held high, the chip is selected, and the data is trans­
ferred to the outputs (00-03). 

The 93L422A has TRI-STATE outputs which provide active 
pull-ups when enabled and high output impedance when 
disabled. This allows optimization of word expansion In bus 
organized systems. 



~ Functional Description (Continued) 

~ 
Load A LoadB 

Vee GND 

600n. 6 OOA 
00-03 00-03 

93L422A 1.2kA 93L422A 1.2kA ::::::' lS"pF 

--
TUD/9996-4 TL/D/9996-5 

'Include. Jig and probe capacitance 

Note: Load A is used lor all production testing. 
FIGURE 1. AC Test Output Load 

TUD/9996-6 

FIGURE 2. AC Test Input Levels 

AOORW =>t:~IAA-==\1---r---
DATA OUTPUTS ~ 

TL/D/9996-7 

3a. Read Mode Propagation Delay from Address 

OUTPUT ENABLE 

lAOS 

DATA OUTPUTS (~~~:- -- - - --

LOAD B 

. HIGHZ-------

TUD/9996-8 TL/D/9998-9 

3b. Read Mode P~pagatlon Delay from Chip Select 3c. Read Mode Propagation Delay from Output Enable 

FIGURE 3. Read Mode Testing 
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Functional Description (Continued) 

CHIP SELECTS 
CSi,CS2 

ADDRESS 
AO-A7 

DATA IN 
00- 03 

WRITE ENABLE 

~ 
J 

V 
~ 1.5V 

~ V ~ 't-
J ~ 1.5V J r\ 

~ ~ 1.5V 
'\ 't-I 7 \ 

-tw-

~ t\ 1.5V 7 
L 

twso tWHO 
~ ~ 

I---tWSA- -tWHA -
twscs tWHCS 

1- -tzws -tWR-

1.5V 

DATA OUTPUTS 
00-03 

[
LOADB~ 

----HIGH z·---

LOADA~ 
O.SV 

---·HIGH Z----

FIGURE 4. Write Mode Timing 

1.5V 

'\ t-I \ 

TL/D/9996-10 

Note 1: Timing Diagram represents one solution which results in an optimium 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 3.0V-OV. 
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§ ~NaHonal 
~ ~ Semiconductor 

93L425A 
1024 x 1·Bit Static Random Access Memory 

General Description Features 
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. 

• New design to replace old 93425/93L425 
• Improved ESD thresholds 
• Alpha hard without die coat 
• Commercial address access time 

93L425A 25 ns max 
• Features TRI-STATE@ output 

Connection Diagram 

CS-l 

AO- 2 

Al- 3 

A2- 4 

A3- 5 

A4- 6 

0- 7 

GNO- 8 

• Power dissipation decreases with increasing tempera­
ture 

16·Pln DIP 

'-../ 
16 :-Vcc 
15 :-0 
14 :-WE 
13 I-A9 

12 I-A8 

111-;"7 

10 I-A6 

91-A5 

TL/0/10004-1 

Top View 

Order Number 93L425ADC or 93L425APC 
See NS Package Number J16A' or N16E' 

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

Logic Symbol 

Vee = Pin 16 
GND = Pin 8 

2- AO CS 
3- AI 
4- A2 
5- A3 
6- A4 
9- AS 

10- A6 
11- A7 
12- AS 
13- A9 

o WE 

93L425A 

o 

TL/0/10004-3 
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Pin Names 

Chip Select (Active LOW) 

AO-A9 Address Inputs 

Write Enable Input (Active LOW) 

o Data Input 

a Data Output 



Absolute Maximum Ratings Guaranteed Operating Ranges 
Above which the useful life may be impaired Supply Voltage (Vee) 
If Military/Aerospace specified devices are required, Commercial 5.0V ±5% 
please contact the National Semiconductor Sales Case Temperature (Te) 
Office/Distributors for availability and specifications. Commercial O·Cto +75·C 
Storage Temperature - 65·C to + 150·C 

Supply Voltage Range -0.5Vto +7.0V 

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

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

Voltage Applied to Outputs 
(Note 2) -0.5V to 5.5V 

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

Maximum Junction Temperature (TJ) + 175·C 

Output Current +20mA 

DC Characteristics over operating temperature ranges (Note 3) 

Symbol Parameter Conditions Min Typ Max Units 

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

VOL Output LOW Voltage Vee = Min, 10l = 16 mA 0.45 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 = 0.4V -180 -300 /LA 

IIH Input HIGH Current Vee = Max, VIN = 4.5V 1.0 40 /LA 

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

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

10ZH Output Current (HIGH Z) Vee = Max, VOUT = 2.4V 50 /LA 

10Zl Vee = Max, VOUT = 0.5V -50 /LA 

los Output Current Short Circuit Vee = Max (Note 7) 
-100 mA 

to Ground (Note 7) 

lee Power Supply Current Vee = Max, All Inputs = GND, 
65 mA Output Open 
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AC Electrical Characteristics (Note 6) VCC = 5.0 ± 5%, GND = OV, T C = O°C to + 75°C 

Symbol Parameter Conditions Min Max Units 

READ TIMING 

tACS Chip Select Access Time 
Figures 

15 ns 

tZACS Chip Select to HIGH Z 3a,3b 15 ns 

tAA Address Access Time (Note 8) 25 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee 
20 

Writing (Note 9) 
ns 

tWSD Data Setup Time Prior to Write 5 ns 

tWHD Data Hold Time after Write 5 ns 

tWSA Address Setup Time Prior 
Figure 4 5 ns 

to Write (Note 9) 

tWHA Address Hold Time after Write 5 ns 

tWSCS Chip Select Setup Time Prior to Write 5 ns 

tWHCS Chip Select Hold Time after Write 5 ns 

tzws Write Enable to Output Disable 15 ns 

tWA Write Recovery Time 15 ns 
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 ~ S.OV. T e ~ + 2S'C and maximum loading. 

Note 4: Static condition only. 

Note 5: Functional testing done at input levels VIH ~ 0.45V (VOL Max) and VIH ~ 2.4V (VOH Min). 

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 

32x32 
WORD ARRAY 

DRIVER 

ADDRESS 
DECODER 

Functional Description 
The 93L425A is a fully decoded t 024-bit read write Random 
Access Memory organized t 024 words by one bit. Bit selec­
tion is achieved by means of a to-bit address AO-A9. 

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

The read and write functions of the 93L425A 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.i!!l..Plus 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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o 

TL/D/10004-2 

The 93L425A has a three-state output which provides an 
active 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: O.4SV 
X = Don't Care HIGH or LOW 
HIGH Z = High·lmpedance 

Outputs 
Mode 

0 

HIGHZ Not Selected 
HIGHZ Write 0 
HIGHZ Writet 

DOUT Read 

Co) 
r­
~ 
N 
CJI 
:I> 



o 

93L425A 30*pF 

LOAD A 
TLlD/10004-4 

GND 

~ 3004 
0 

93L<42SA 60GA : ::: 300pF 

--LOAD B 
TL/D/10004-6 

Note: Load A Is used for all production testing. 

'Includes jig and probe capacHanca. 
FIGURE 1. AC Test Output Load 

!'----.JI 90l! 

1..-3nl 
, TLlD/10004-8 

FIGURE 2. AC Test Input Levels 

CHIP SELECT 

LOAD A 

DATA OUWUT 

LOAD B 

38. Read Mode Propagation Delay from Chip Select 

ADDRESS~~tAA_~ ___ r-__ 

DATA OUTPUTS ~ 
3b. Read Mode Propagation Delay from Address 

FIGURE 3. Read Mode Timing 
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CHIP SELECT ~ I I ~1.5V 

ADDRESS ~ 
I ~1.5V 

DATA INPUT ~ L 
I \: 1.5V 

WRITE ENABLE ~ 
twso 
~ 

_tWSA-
twscs 

1-

\ 't-7 , 
~ I ~ 

I---tw-

r\ 1.5V 7 ~ 
tWHO 
~ 
I--tWHA-

tWHCS 
I-tzws I-tWR -

···-HIGH Z···· 
····HIGH Z •••• 

1.5V 

1.5V 

~ 
J 
lI-
~ 

TL/D/10004-9 

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 3.0V-OV. 

FIGURE 4. Write Mode Timing 
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~NaHonal 
~ Semiconductor 
93479 
256 x 9-Bit Static Random Access Memory 

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

Connection Diagrams 

22-Pin Ceramic DIP 

'-./ 
008- 1 22 -VCl; 

007- 2 21-A7 

006- 3 20 -A6 

005- 4 19 -AS 

004- 5 18 -A4 

003- 6 17 -A3 

002- 7 16 -A2 

001- 8 15,...Al 

000- 9 14 -AO 

0[- 10 131-CS 

GNO- 11 12 I-WE 

Top View 

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

See NS Package Number J22A * 

TLlD/9675-1 

'For most current package information. contact product marketing. 

Optional Processing QR = Burn In 

Pin Names 

AO-A7 Address Inputs 

DQO-DQa Data Input Outputs 

OE Output Enable Input (Active LOW) 

WE Write Enable Input (Active LOW) 

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 

28-Pln LCC 

0"' .... 8 ~ ..... o 

i 11'1 iii 
4 3 2 1282726 

005- 5 

004- 6 

003- 7 

002- 8 TOP 

DQ1- 9 

000- 10 

NC- 11 

Top View 

251-A6 

241-AS 

231-A4 

221-A3 

211-A2 

20l-Al 

TUD/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- AO 
15- AI 
16- A2 

OE CS WE 

17- A3 93479 
18- A4 
19- AS 
20- A6 
21- A7 ggggggggg 

lUUlUI 
TL/D/9675-2 



Absolute Maximum Ratings 
Above which the useful life may be impaired 

Guaranteed Operating Ranges 
Supply Voltage (Vee) 

Storage Temperature - 6S·C to + 1S0·C 

Supply Voltage Range -O.SV to + 7.0V 

Input Voltage (DC) (Notes 1,2) -O.SV 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.SV to Vee (PROMs) 

- O.SV to + S.SV (RAMs) 
-1.SV to + S.SV (PROMs) 

300·C 

+ 17S·C 

+20mA 

-12 mA to +S.O mA 

Commercial 
Military 

Case Temperature (T cl 
Commercial 
Military 

Nole 1: Either Input Voltage lim" or Input Current limit is sufficient to protect the inputs. 

Nole 2: Output current limit required. 

Note 3: Typical values are at Vee = 5.0V. T c = + 25°C and maximum loading. 

Nole 4: Stalic condition only. 

Note 5: Functional testing done at input levels VIL = VOL (Maxi (0.45V), VIH = VOH (Min) (2.4V). 

Note 6: AC testing done at input levels VIH = av, 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. 

Nole 9: tw measured at tWSA = Min. tWSA measured at tw = Min. 
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S.OV ±S% 
S.OV ±10% 

O·Cto +7S·C 
- SS·C to + 12S·C 
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Logic Diagram 

AO 
AI X 
A2 DECODE 

A3 ADDRESS AI. I OF 32 

A4 BUFFER 

A5 
Y 

A6 DECODE 
A7 I OF 8 

WE WE·cs 
cs CONTROL 

LOGIC Q[ Q[. cs· WE 

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

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

The read and write operations are controlled by the state of 
the active LOW Write Enable (WE) input. With WE held 
LOW, the chip selected and the output disabled, the data at 
DOO-D08 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 
DOO-D08. 
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.-+72 
32 MEMORY CELL MATRIX 

32 x 8x9 - 2304 

READ/WRITE CIRCUITS 
DIN' Dour BUFFERS 

O ...... Ntt)~lOCD ...... CXJ 
000000000 cccocococ 

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 lOut 

CS OE WE DQD-DQS 

X H X HIGHZ 
H X X HIGHZ 
L L H Data Out 
L H L Data In 

H ~ HIGH Voltage Level 2.4V 
L ~ LOW Voltage Level O.5V 
X ~ Don't Care HIGH or LOW 
HIGH Z ~ High Impedance State 

Mode 

Output Disabled 
RWDisabled 
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 = B.O mA 0.5 V 

VOH Output HIGH Voltage Vee = Min,loH = -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 
O.B V 

for All Inputs (Notes 4, 5 & 6) 

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

hH Input HIGH Current Vee = Max, VIN = 4.5V 1.0 40 /LA 

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

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

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 

lee 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 (Note6)Vcc = 5.0V ±10%. GND = ov. Tc = -55·Cto + 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 

tM 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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LOAD A = 
TL/D/9675-5 

I "'" I ~f.: i'~P' 
LOADB -= 

'Includes jig and probe capacitance TUD/9675-6 

Note: Load A is used for all production testing. TLlD/9675-7 

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

CHIP SELECT 

LOAD A 

LOAD B 

-··-HIGH Z- ••••••••••• 

a. Read Mode Propagation Delay from Chip Select to Output 

.. ~ ~":"tAA-,---~--
DATA OUTPUTS ~ 

TUD/9675-9 

b. Read Mode Propagation Delay from Address to Output 
FIGURE 3. Read Mode Timing 
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··HIGHZ· 

LOAD A 

DATA OUTPUTS 

OUTPUT ENABLE 

CHIP SELECT 

ADDRESS INPUTS 

DATA INPUTS 

WRITE ENABLE 

LOAD B 

•• HIGH Z ••••• 

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

'These timing parameters are only necessary to guarantee High Z state during the entire write cycle. 
FIGURE 4. Write Mode Timing 

TUD/9675-10 

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 vlclated. 

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

5·38 



MM54C89/MM74C89 64m[Su~ TR~gSTAl'[E® 
Random Access lReadl/WU"o~e Mem)(O)U"w 
General Description 
The MM54CB9/MM74CB9 is a 16-word by 4-bit random ac­
cess read/write memory. Inputs to the memory consist of 
four address lines, four data input lines, a write enable line 
and a memory enable line. The four binary address inputs 
are decoded internally to select each of the 16 possible 
word locations. An internal address register latches the ad­
dress information on the positive to negative transition of 
the memory enable input. The four TRI-STATE data output 
lines working in conjunction with the memory enable input 
provide for easy memory expansion. 

Address Operation: Address inputs must be stable 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). 
Nole: The Uming is different than the DM7489 in that a posiUve to negative 

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

Write Operation: Information present at the data inputs is 
written into the memory at the selected address by bringing 
write enable and memory enable low. 

logic and Connection Diagrams 

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

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

features 
El Wide supply voltage range 
[J Guaranteed noise margin. 
[] High noise immunity 
[J Low power 

TTL compatibility 
o Low power consumption 
[J Fast access time 
D TRI-STATE output 

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 

DATA IiAfi DATA DATi DATA DAD DATA om 
INPUT I DUTPUT 1 INPUT 2 OUTPUTZ INPUT 3 OUTPUT 3 INPUT. our,uli 

TLlF/5BBB-1 
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Dual·ln·Line Pacl(age 

ADDRESS INPUT A 
I 1& Vee 

rmll!IIVEllJII[E 2 15 ADDR£SSINPUTB 

WRlTEEllJII[E , 14 ADDRESS IN'UT C 

DATA INPUT I • " ADDRESS INPUT D 

m'il1!IlTl'1IT1 5 
IZ DATA IU'DU 

DATA INPun 6 11 IfifitrnmJf4 

DATA:DlJTPDTz ' 10 DATA INPUT 3 

••• B DmtrnmJT3 

Top View TL/F/5BBB-2 

Order Number MM54C89 
orMM74C89 



Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, Power Dissipation (Po) 
please contact the National Semiconductor Sales Dual-In-Line 700mW 
Office/Distributors for availability and specifications. Small Outline 500mW 
Voltage at any Pin -0.3VtoVee +0.3V Operating Vee Range 3.0Vto 15V 
Operating Temperature Range Absolute Maximum Vee 18V 

MM54C89 - 55·C to + 125·C Lead Temperature (T t.l 
MM74C89 - 40·C to + 85·C (Soldering, 10 seconds) 260·C 

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

DC Electrical Characteristics MinIMax 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(l) 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(l) Logical "1 " Output Voltage Vee = 5.0V, 10 = -10 p.A 4.5 V 
Vee = 10V, 10 = -10 p.A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vee = 5.0V, 10 = +10 p.A 0.5 V 
Vee = 10V, 10 = + 10 p.A 1.0 V 

IINll1 Logical "1" Input Current Vee = 15V, VIN = 15V -0.005 1.0 p.A 

IINIOI Logical "0" Input Current Vee = 15V, VIN = OV -1.0 -0.005 p.A 

loz Output Current in High Vee = 15V, V = 15V 0.005 1.0 p.A 
Impedance State Vee = 15V, Vo = OV -1.0 -0.005 p.A 

Icc Supply Current Vee = 15V 0.05 300 p.A 

CMOS/LPTTL INTERFACE 

VIN(l) 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(l) Logical "1 "Output Voltage 54C, Vee = 4.5V, 10 = -360 p.A 2.4 V 
74C, Vee = 4.75V, 10 = -360 p.A 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C, Vee = 4.5V, 10 = +360 p.A 0.4 V 
74C, Vee = 4.75V, 10 = +360 p.A 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 limHs. The table of "Electrical Characteristics" provides condHions for actual device operation. 

AC Electrical Characteristics * TA = 25·C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

Ipd Propagation Delay from Vec = 5V 270 500 ns 
Memory Enable Vce = 10V 100 220 ns 

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

IsA 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 

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

tSD 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 = 5pF, 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 

CaUT Output Capacity Any Output (Note 2) 6.5 pF 

CPD Power Dissipation Capacity (Note 3) 230 pF 

* AC Parameters are guaranteed by DC correlated testing. 

Note 2: Capacitance is guaranteed by periodic testing. 

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

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

MM54C89 MM74C89 
Parameter Conditions TA = -55'Cto + 125'C TA = -40'Cto +85'C Units 

Min Max Min Max 

tpD 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 

tHD 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) 

MMS4C89 MM74C89 
Parameter Conditions TA = -SSOCto + 12SoC TA = -40"Cto +8SOC 

tSD Vee = 5V 
Vee = 10V 
Vee = 15V 

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

Min 

70 
35 
30 

• Ae Parameters are guaranteed by DC correlated testing. 

Truth Table 
ME WE Operation 

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

AC Test Circuits 
tOH 

TLlF/5BBB-4 

Switching Time Waveforms 
tOH 

Vee 

-f·· MEMORY 
INmE 

OV 

VOH 

IJm( 
I!UTPUT 

Read Cycle 

TL/F/5BBB-7 

5-42 

Max 

420 
170 
135 

Min 

60 
30 
25 

Condition of Outputs 

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

Max 

360 
145 
115 

~i--.......... -

t1H 
Vee 

!mIliII'I :i-'. ENABLE 

ov 

t," 

V •• 

IJm( 
iiiI'fPiii' 

OV 

Write Cycle 

ammwv~----~r----, 
ENiiil 

ADDRESS 
INPUT 

v"' _____ , 

iMnV~------~ 

mm 

DATA 
.NPUT 

v"' _______ ~ 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

TL/F/5BB8-3 

TLlF/5BBB-6 

TLlF/5BBB-B 



Switching Time Waveforms (Continued) 

Read Modify Write Cycle 

r-.... -
Vee 

'\ =oJ " I--ts.- -tHA 

Vee 

) K ADDRESS 
INPUT 

0 

Vee -J"~U'~""''' liATA1i1lf __ lR~T~E~~:;N.- _ - - - --~ 
0 

Vee 

yf~t WiiiTE 
ENAill 

0 

Vee 
DATA 

IN 
0 

TUF/5888-9 

Note: I, - 60 ns 

11- 10 ns 
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~National 
~ Semiconductor 
MM54C200/MM74C200 256-Bit TRI-STATE® 
Random Access Read/Write Memory 

General Description 
The MM54C200/MM74C200 is a 256-bit random access 
read/write memory. Inputs consist of eight address lines 
and three chip enables. The eight binary address inputs are 
decoded internally to select each of the 256 locations. The 
internal address register, latches, and address information 
are on the positive to negative edge of CEs. The TRI­
STATE data output line, working in conjunction with CEl 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 CEs. It is therefore 
unnecessary to hold address information stable for more 
than tHA aiter 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 CEs must occur for the memory to be selected. 

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

Logic and Connection Diagrams 

Holding either CEI , CE2, or CEs 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 CEs 
low and WE low. The state of CEl 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 

ADDRESS ADDRESS ADDRESS 
INPUT C INPUT B INPUT A 

3V to 15V 
1V 

0.45 Vee (typ.) 
Fan out of 1 

driving standard TTL 
500 nW (typ.) 

nITE_~~::::::::::::~ __ 4-__ -+r-~~L-%-~~L-~-%--%-~l 
EIIABLE 

Dual-in-Line Package 

"~:--+--------------l----l----+I 

a •. --------.... --II>Oo-1r-~ 

X·DECODER 

2Ss.BIT 
MEMORY ARRAY 
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ADDRESS 1 
INPUT A 

ADDRESS Z 
INPUTB _ 3 

CE, 
_ 4 
CE, 
_ 5 
CE, 

om 6 
OUT 

ADDRESS 1 
INPUYD 

GND 

Top View 

16 Vee 

15 ADDRESS 
I.PUTC 

14 ADDRESS 
INPUTH 

13 DATAIN 

12 WRITE 

ENAiii 
11 ADDRESS 

INPUTG 
.1 ADDRESS 

INPUTF 
9 ADDRESS 

INPUTE 

TUF/5903-2 

Order Number MM54C200 or 
MM74C200 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Power Dissipation (PD) 
please contact the National Semiconductor Sales Dual-In-Line 700mW 
Office/Distributors for availability and specifications. Smail Outiine 500mW 

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

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

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

DC Electrical Characteristics MiniMax limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

VIN(l) 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(l) 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= + 1 0 p.A 0.5 V 
Vee = 10V, 10= + 10 p.A 1 V 

IIN(l) 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(l) 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(l) Logical "1" Output Voltage 54C Vee=4.5V, 10= -1.6 rnA 2.4 V 
74C Vee=4.75V, 10= -1.6 mA 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 mA 
(P-Channel) TA=25°C -1.8 mA 

ISOUReE Output Source Current Vee=10V, VOUT=OV -16 -25 mA 
(P-Channel) TA=25°C -1.5 mA 

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

(N-Channel) TA=25°C 

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

tpeEI Propagation Delay from CEI 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-ST ATE (Note 2) 9.0 pF 

CPD 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'Cto +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 

tpdeEI Propagation Delay from Vee = 5V 650 600 ns 
CEIorCE2 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 

tHD Data Hold Time Vee = 5V 50 50 ns 

Vee = 10V 25 25 ns 

• AC Parameters are guaranteed by DC correlated testing. 

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

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

R3 ------~,,~ ________ _J 

Vee 

OV 

ADDRESS 
INPUT 

DATA 
IN 

ADDRESS 
INPUT 

DATA 
IN 

v~ 

OV 

vee 
OV 

V~ 

OV 

Vee 

OV 

::~ -------------\ 
TRI-5TATE • 

- TRI:sTAiE - "-----
TL/F/5903-3 

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

\ /r'------------vce 
I ~-".------oV 

,---------,---------------------V~ 

------------OV 

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

~------------OV 

",,---Vcc 
I w 

I I"~ 
TRI·STATE ~" "I "', ------~-------:: 

__ __ __ ___ __ _______________________________ OV 

TRI·STATE 

TL/F/5903-4 

Note: Used for fast access time in bused systems. 
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~NaHonal 
~ 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 (tsAl 
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 tHO 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 

Dill 0 Dun DIN! 0 Dun D INl D DUll D IN4 0 OUT4 

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 

TLlF/5914-2 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 

please contact the National Semiconductor Sales Supply Voltage (Vecl 

Office/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 -0.3Vto +15V Temperature (T A) 
MM54C910 -55 +125 "C 

Power Dissipation MM74C910 -40 +85 "C 
Dual·ln·Line 700mW 
Small Outline 500mW 

Operating Vee Range 3.0Vt05.5V 

Standby Vee Range 1.5Vt05.5V 

Absolute Maximum (Vecl 6.0V 

Lead Temperature (T Ll 
(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(l) Logical "1" Input Voltage Full Range Vee - 1.5 V 

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

IIN(l) 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 

VOUT(l) Logical "1" Output Voltage 10 = -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 

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

AC Electrical Characteristics* TA = 25"C, Vee = 5.0V,CL = 50pF 

Symbol Parameter Min Typ Mal( 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 

tME Memory Enable Pulse Width 200 100 ns 

tME 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-STATE (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) 

CPO Power Dissipation Capacity 
350 pF 

(Note 3) 
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AC Electrical Characteristics * (Continued)T A = 25·C. Vcc = 5.0V. CL = 50 pF 

MM54C910 MM74C910 

Symbol Parameter 
TA = -55"Cto + 125'C TA = -40'Cto +85'C 

Units Vee = 4.5V to 5.5V Vee = 4.75V to 5.25V 

Min Max Min Max 

tACC 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 

!ME Memory Enable Pulse Width 280 260 ns 

!ME Memory Enable Pulse Width 750 600 ns 

tso Data Input Set-Up Time 0 0 ns 

tHO Data Input Hold Time 50 50 ns 

!WE Write Enable Pulse Width 200 180 ns 

t1H. tOH Delay to TRI-STATE (Note 4) 200 200 ns 
• AC Parameters ara guaranteed by DC correlated tesflng. 
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 '"Electncal Characteristics'" provides condHions 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 54CI74C Family Charactenstics application note 
AN·9O. 
Note 4: See AC test circuits for t, H. IoH. 

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

L L Write TRI·STATE 450 

4DO L H Read Data 

350 H L Inhibit. Store TRI-STATE 

~ 3ao 
4,5V .... 

H H Inhibit. Store TRI-STATE 

! 
5V 

250 
5.5V 

I 200 

150 

100 

50 

0 
-55 -25 5 35 85 95 125 

FREE AIR TEMPERATURE ('C) 

TL/F/5914-4 

AC Test Circuits 
tOH t1H 

Vc:c Vc:c 

RL ..LCL 

002 0D3 

..LcL RL RL RL 

ooz 003 'T T 
·.LCL V ...L.'CL 

~ '::" '::" "::-

TCC Vc:c 

"* RL iCL 

001 004 

T" RL RL RL 

001 004 
'.LCL .LCL 

':d:' '::" '::" 

T T TLlF/5914-6 

TL/F/5914-5 
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AC Test Circuits (Continued) 

Switching Time Waveforms 

All Other AC Tests 

"ICl 

002 003 

001 004 

Read Cycle 
(See Note 1) 

VCC--------+.r---------~ 
MEMDRV 

ENABLE 

ADDRESS 
INPUT 

VCC -------------..... 

T Cl 

TL/F/5914-7 

WiiifE 
ENABLE 

VCC--------J7.~~7;7.~~7;7.~~----_1--------------­

~ VCC-------------------------------4-~-------------

OUT 

MEMlIl!Y 
ENABLE 

ADDRESS 
INPUT 

IiA'fA 
iiUT 

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

VCC-------+-,----------~ 

VCC --------------'" 

VCC--------------------~ 
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Switching Time Waveforms (Continued) 

MEMORY 
ffim 

ADDRESS 
INPUT 

Read Modify Write Cycle 
(See Note 1) 

yee-----j-/----""' 

yee------'" 
LATCHED ADDRESS 

_ yee-------I----­
DATA 
0iIi' 

I'iiii'fE 
ENABLE 

DATA 

Vee q'WE 
-- '*D Vee X ----

IN '-__ _ 

toH 

DATA Vee 0.1 Vee 

TUF/5914-10 

E ': ,,:1e: 
OUT 0 --- TRloSTATE@ 

TUF/5914-11 . 
Note 1: MEMORY ENABLE must be brought high for tME nanoseconds between every address change. 

Note 2: t, = If = 20 ns for all inpuls. 

Connection Diagram 
Dual-In-Line Package 

WIIITr fmIiIiW 
Vee D Dun OlN3 OlN4 0 OUTC"ERAm ENJiI[( AC AD 

1,8 17 16 15 14 13 12 11 10 

TL/F/5914-12 

Order Number MM54C910 or MM74C910 
~ I--

1 2 3 4 5 6 7 8 
19 

o Dun 01NZ 01Nl 0 Dun AB AA AE aND AF 
TLlF/5914-3 

Top View 
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~National 
~ Semiconductor 
MM54C989/MM74C989 
64-Bit (16 x 4) TRI-STATE® RAM 

General Description 
The MM54C9B9/MM74C9B9 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). 
Nate: The timing is different than the DM7489 in that a positive to negative 

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

Write Operation: Information present at the data inputs is 
written into the memory at the selected address by bringing 
write enable and memory enable low. 

Logic and Connection Diagrams 

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 
• Wide supply voltage range 
• Guaranteed noise margin 

• High noise immunity 

• Low power TTL 
compatibility 

• I nput address register 
• Low power consumption 

• Fast access time 
• TRI-STATE output 

3.0V to 5.5V 
1.0V 

0.45 Vee (typ.) 
Fan out of 2 

driving 74L 

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

140 ns (typ.) at Vee = 5V 

DATA 6i'i'i DATA am DATA 6lTi DATA 6iTi 
INPUT 1 amUT I II.UT Z OUTPUT Z INPUT:I OUTPUT:I INPUT. iiUiPIiii 

iililff 
ENABLE 

MEMORY 
EIlABLE 

INPUT" 

INPUT. 

INPUTe 

.• ,orl 

TUF/5925-1 
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Dual·ln·Llne Package 

ADDRESS 1 18 Vee 
INPUTA 

MDmRV 2 16 ADDRESS 
mm INPUTB 

liIIITE 3 14 ADDRESS 
mm INPUTe 

DATA 4 13 ADDRESS 
INPUT I INPUTD 
am 5 II DATA 

tI1ITP1ITl INPUT4 
DATA 8 11 am 

INPun tI1ITP1IT4 
IiATA 1 10 DATA 

tI1ITP1ITz INPun 

DND • 
8 am 

lI1ITPDT3 

TL/F/5925-2 

Top View 

Order Number 
MM54C989 or MM74C989 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
please contact the National Semiconductor Sales Supply Voltage (Vee) 
Office/Distributors for availability and specifications. MM54C989 4.7 5.5 V 

Voltage at Any Pin -0.3VtoVee + 0.3V MM74C989 4.75 5.25 V 

Power Dissipation Temperature (T A) 

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

Small Outline 500mW MM74C989 -40 +85 ·C 

Absolute Maximum Vee 7.0V Operating Vee Range 3.0Vto5.5V 

Lead Temperature (TO Standby Vee Range 1.5Vto5.5V 

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

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

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

IIN(O) Logical "0" I nput Current VIN = OV -1 -0.005 . p.A 

VOUT(l) Logical "1" Output Voltage 10 = -360p.A 2.4 V 
10 = -150p.A Vee - 0.5 V 

VOUT(O) Logical "0" Output Voltage 10 = 360 ",A 0.4 V 

loz Output Current in High Impedance State Vo = 5V 0.005 1 p.A 
Vo = OV -1 . -0.005 p.A 

lee Supply Current Active (Note 1)· ME = OV, 
0.05 150 p.A Vee = 5V 

lee Supply Current (Stand-By) ME = 5V 3 ",A 

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 

!sA 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 DelaytoTRI-STATE,CL = 5pF,RL = 10k,(Note4) 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 deviea cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devieas should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual davlea 
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. 
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AC Electrical Characteristics* (Continued) 

MMS4C989: TA = -SS·C to + 12S·C. Vee = 4.SV to S.SV. CL = SO pF 
MM74C989: TA = -40·C to +8S·C. Vec = 4.7SV to S.SV. CL = SO pF 

Symbol Parameter 
MM54C989 MM74C989 

Units 
Min Max Min Max 

tAec Access Time from Address SOO 620 ns 

tpOl. tpoo Propagation Delay from ME 350 430 ns 

tSA Address Input Set-Up Time lS0 140 ns 

tHA Address Input Hold Time SO 60 ns 

tME Memory Enable Pulse Width 2S0 310 ns 

!ME Memory Enable Pulse Width S20 400 ns 

tso Data Input Set-Up Time 0 0 ns 

tHO Data Input Hold Time 60 SO ns 

\WE 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: "Absotute 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 condHions for actual device 
operation. 

Note 2: CapaCitance is guaranteed by periodic testing. 
Not. 3: CPO determines the no load AC power consumption for any CMOS device. For complete explanation see 54CI74C Family Characteristics Application 
Note. AN-gO. 

Not. 4: See AC 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 tlH All Other AC Tests 

vee 
) mm G-r. ~ OUTPUT 

10k f5.OPF 
iill'fPli'f 

·IDk 
• 

J 50PF IIl'flI 
iiiiffijf ~ -= -~5.DpF 

T 
TL/F/5925-4 

TL/F/5925-5 

TL/F/5925-3 

S-SS 



Switching Time Waveforms 
Read Cycle (Note 1)* 

-Eilii[f 

ADDRESS 
INPUT 

Vcc----h.._---"" 

TL/F/5925-6 

ADDRESS 
INPUT 

Read-Modlfy-Wrlte Cycle (Note 1)* 

mliRV 
ENABLE 

ADDRESS 
INPUT 

Vee---I"7----"" 

Vee-----_ 

IIlIn Vee 
m 

LATCHED ADDRESS 

IiliifEvee QIIiI! 
IliAm 

yee------------- 'ODr _ 
DA~: X,, _____ .. ~ 

TL/F/5925-B 
Note I': MEMORY ENABLE musl be broughl high for IME ns between every address change. 

Note 2: I, = II = 20 ns for all inputs. 

5-56 

Write Cycle (Note 1)* 

TL/F/5925-7 

tOH 

MI! Ye: Juyec 

YCC~TRI.srATE" 
D -.-

D.IYee 
TL/F/5925-9 

TLlF/5925-10 



.---------------------------------------------------------------------'z 
~National 
~ Semiconductor 
NMC2147H 4096 x 1-Bit Static RAM 

General Description Features 
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. 

• 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. 

The output is held in a high impedance state during write to 
simplify common I/O applications. 

Block Diagram* 

Ai 

C! 1Il1-,a't1'-a..-

MEMORY ARRAY 
B4ROWS 

84 COLUMNS 

COLUMN I/O CIRCUITS 

• Automatic power-down 
• High-speed-down to 35 ns access time 
• TRI-STATE® output for bus interface 
• Separate Data In and Data Out pins 
• Single + 5V supply 
• Standard 18-pin dual-in-line package 
• Available in MIL-STD-883 class 8 screening 

Logic Symbol * 

,..!!.o vee 
Aa 

.!ovss A' 

A2 

A3 

A4 

A. D,.,D) 
AI 

A7 
DDUy,D) 

A. 

A' 
A,a 

A11 C! WE 
DUll (D) ,!) iWI 

Y Y 
TLI015257-2 

°OUl(O) 

miWI,~·~r-~ ______ ~~~+-++_+~~~~--~ Connection Diagram* 

Pin Names· 
AO-A11 
WErN) 
CS(S) 
DIN (D) 

DOUT(Q) 
Vee 
Vss 

Alt Ala A9 

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

A. A7 A. 
TLI015257-1 

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 

1B 
Aa vee 

17 
A' A' 

A2 1& A7 ,. 
A3 A' ,. 
A4 A9 

" A. A,a 

Dauy,n) 7 12 All 

WEiWI' 11 0,.(0) 

vss ,a .. ,S) 

TLI015257-3 

Top View 

3: 
o 
N .... 
oIl>o 
....... 
~ 
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Absolute Maximum Ratings Truth Table* 
If Military/Aerospace specified devices are required, 

CS WE DIN DOUT please contact the National Semiconductor Sales 
(W) 

Mode Power 
Office/Distributors for availability and specifications. (S) (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'Cto +135'C 

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

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

NMC2147H-l 

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 /LA 
(All Input Pins) 

IiLOI Output Leakage CS = VIH, VOUT = GND to 4.5V, 50 50 50 /LA 
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 /los time delay after vee reaches the specified minimum limit to ensure proper orientation aiter 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 DDUT 5V 

Input Rise and Fall Times 5ns C ( 

Input Timing Reference Level 1.5V ~ 

Output Timing Reference Level (H-l) 1.5V .~51on 

• 
Output Timing Reference Level 0.8V and 2.0V 

(H-2, H-3, H-3L) 

Output Load See Figure 1 :~ 300n 
30pF -:= (INCLUDING 

• - SCDPEAND 
FIXTURE) 

~ 
TL/D/5257-4 

FIGURE 1. Output Load 
'Symbols in parentheses are proposed Industry standard. 
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Read Cycle AC Electrical Characteristics TA = 0'Ct070'C, vcc = 5V ±10% (Note 1) 

NMC2147H-3 
Symbol NMC2147H-1 NMC2147H-2 NMC2147H 

NMC2147H-3L 
Parameter 

Alternate Standard Min Max Min Max Min Max Min 

tRC TAVAV Read Cycle Time 35 45 55 70 

tM TAVOV Address Access Time 35 45 55 

tACS TSLOV Chip Select Access Time 
35 45 55 

(Notes 4) 

tLZ TSLOX Chip Select to Output Active 
5 5 10 10 

(Note 5) 

tHZ TSHOZ Chip Deselect to Output 
0 30 0 30 0 30 0 

TRI-STATE (Note 5) 

tOH TAXOX Output Hold from Address 
5 5 5 5 

Change 

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

tpo TSHIL Chip Deselect to Power-Down 20 20 20 

Max Access/Current NMC2147H-1 NMC2147H·2 NMC2147H·3 NMC2147H-3L 

Access (TAVOV-ns) 35 45 55 55 

Active Current (lCC-mA) 180 180 180 125 

Standby Current (lSB-mA) 30 30 30 20 

Read Cycle Waveforms* 

Read Cycle 1 (Continuous Selection CS = VIL, WE = VI H) 

~======~_~llicM.======~, ______ _ 
ADDRESS ~ }E 

'AA 
",VUV/ 

DATA DUT PREVIOUS DATA VALID 

---4---~--~~ r---(T~~~XI----l 
DATA VALlO 

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

I---------ITA'::VI---------r 

CHIPSELE~ ~ 1,--------

tACS 

I--~Mx) (TSL~ I 
DATA OUT HIGH IMPEDANCE 

VCC ICC ___ J ____ ~ ~LlH) 
SUPPLY SOH 

CURRENT ISS ------

DATA VALID 

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

Nota 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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'HZ 
(TSHDZ) 

HIOH IMPEDANCE 

tpo ~I 
- (TSHIL~",,-\ ___ _ 

Units 
Max 

ns 

70 ns 

70 ns 

ns 

30 ns 

ns 

ns 

30 ns 

NMC2147H 

70 

160 

20 

TL/D/5257-5 

TL/D/5257-6 

z 
:s:: 
0 
N 
-0. 

"" '-..I 
:::J: 



Write Cycle AC Electrical Characteristics TA = 0·Ct070·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 ~ .-l -
tcw 

\TSLWHI 

1iImm'f~ ~ -,~ ~ 
tAW twR 

If~e~LI 
1',Avonl 

'WI' 
(TWLWH) 

l,onAIII 

TITNAm -'~ 

tow tDH 
ITOVWHI (TWHDX) 

DATA IN 
, ) DATA IN VALID " (~~Z) - 1- tow 

(TWHDX). 

DATA OUT , UNDEFINED 
HIGH IMPEDANCE ~~ 

TLIDI5257 -7 
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Write Cycle Waveforms* (Note 6) 

Write Cycle 2 (Chip Select Limited) 

DATA IN 

------------------~~--------------~~----------

DATA 

TL/D/5257-8 

Nole 6: The output remains TRI-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. 
'The symbols in parentheses are proposed industry standard. 
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:c 

! ~National 
~ ~ Semiconductor z 

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 000----1 

A. 000----1 

.. 0-----1 

II •• 0------1 

A.o""ll ___ -I 

11 •• 00"----1 

'1114 11 
COO4I 

ROW 
SELECT 
,oF84 

MEMORY ARRAY 
84 ROWS 

"COLUMNS 

• 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 

+..ll.ovcc 

.....-!.ova 

Logic Symbol* 

AD 

AI 

AZ 

A3 

A4 

TL/D17404-3 

Connection Diagram* 
co':' o",,'3 .... 1+-i--I 

'ill' ,. COOl) 

CleJ) 1. 
m~I~~==~:) ________________ ~ 

Pin Names' 
Address Inputs 
Write Enable 
Chip Select 

AO-A9 
WE(W) 
es(S) 
1/01-1/04 
(001-0Q4) 
vee 
VSS 

Data Input/Output 

Power (5V) 
Ground 

TL/D17404-1 

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

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

'Symbolsln parentheses are proposed Industry standard. 
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Dual-In-Llne Package 

'8 
AI yee 

A5 17 A1 

AI 

A3 

AD 

A' 

AZ 

CI(!I 

vss 

TL/DI7404-2 

Top View 



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

CS WE I/O Mode Power please 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 20 rnA 

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 

jill I Input Load Current VIN = OV to 5.5V, 10 10 /LA 
(All Input Pins) VCC = Max 

IILol Output Leakage Current CS = VIH, VOUT = GND to 4.5V, 50 50 /LA 
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 = 8.0 rnA 0.4 0.4 V 

VOH Output High Voltage IOH = -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 rnA 

IPO Peak Power-On Current VCC = VSS to VCC Min, 30 40 rnA 
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 I"s 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 GNDto 3.0V 

Input Rise and Fall Times 5 ns 

Input Timing Reference Level 1.5V 4800 

Output Timing Reference Levels 0.8V and 2.0V ~ 
Output Load See Figure 1 3D pF 

2550 q''''''"'''-AND FIXTURE) 

TL/D17404-4 

FIGURE 1. Output Load 
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::c co :!: Read Cycle AC Electrical Characteristics TA = O'C to + 70'C. vcc = 5V ± 10% (Note 1) 

~ 
:IE 
z 

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 

tACSl TSLQV1 Chip Select Access Time (Notes 4 and 5) 45 55 70 ns 

tACS2 TLSQV2 Chip Select Access Time (Notes 4 and 6) 55 65 80 ns 

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

tHZ TSHQZ Chip Deselect to Output TRI-STATE (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 

tpo 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 

Active Current (ICC-mA) 180 180 180 

Standby Current (ISB-mA) 30 30 30 

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

'RC -ADDRESS 

...... 
DATA OUT 'REVIDUS DATA VALID 

--~----~~--~ 
~,,,,,,!,!.~~~v,,---I 

DATA VALID 

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

I------------------'~A~hl------------------I 

55 

125 

20 

CHIP SELECT 1 ~ 1,--------

1------ (T~~~~, --------11 
~1T;t~,----I 

DATA OUT HIDH IMPEDANCE 

VCC ICC ----I----t~LlHI 
SUPPlY ."" 

CURRENT ISS ------

DATA VALID 

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

Nota 5: Chip deselected longer than 55 ns. 

Not. 6: Chip deselected less than 55 ns. 

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

'The symbols In parentheses are proposed industty standard. 
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~HIIZI 

HIGH IMPEDANCE 

~~~L~1 ...... __ 

70 

125 

20 

TL/DI7404-5 
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Write 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 

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 

tDW TDVWH Data Set-Up Time 20 20 25 ns 

tDH 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 B) 

Write Cycle 1 (Write Enable Limited) 

'Wc 
(TAVAV) 

ADDRESS :=Jf- -H-

tcw 
(TSLWHI 

CHIP SELECT ~ ~ b ,~ ~~ 
-!~~" -~~. 

\r~e~LI 
',' .... n' 

I-(TW~~H) 
IIwHAXI 

WRITE ENABLE ~ b ,I-

tow tOH 
(TOVWH) (TWHDX) 

DATA IN -l {. ,IN VALID -c (-

1-(~tZI- 1- tow 
(TWHQX) 

HIGH IMPEDANCE ~ 
DATA OUT r- XXXXXXXXX 

TL/D17404-7 
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::c 
! Write Cycle Waveforms* (Note 8) (Continued) 
N 
o Write Cycle 2 (Chip Select Limited) 
:::E 
Z (T~iVI------~-----1 

DATAIN __________________________ J1-1 ____________________ -t'-______________ _ 

DATA DUT 

-----------------------~ 
TL/DI7404-8 

Note 8: The oulput 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 
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 

(DATA INPUTS) 
02 03 

I 11 

(WRITE ENABlEI 

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 

AO-A3 

01-04 

01-04 

WE 

Pin Names 

Address Inputs 

Data Inputs 

Data Outputs 

Write Enable 

m~lS~tx~ ______________ ~~~~~~~~~--~ ClK Write Clock Input 

~~ A' ~ ~ ~ 

AI~~ 
~~ 

Al~ 

16 a 4MEMORY CELL ARRAY 

13 

M~----~----4r-+~----~~----~-4~--~ 
,OUTPUT 

STOREl 

1212. ~f:;:=~t,:=~~~ "0-;: 
(OUT'UT 
DISABLE) 

(OUTPUTSI 
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OS Output Store 

00 Output Disable 

OD WE ClK Os MODE OUTPUTS 

0 X X 

X 0 ...r 

0 X X 

1 X X 

1 X X 

0= Low level 
1 = High Level 
X = Don't Care 

0 Output Store Data From Last 
Addressed Location 

X WrtteData Dependent on State 
of 00 and OS 

1 Read Data Data Stored in 
Addressed location 

0 Output Store High Impedance State 

1 Output Disable High Inpedance State 

• 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
please contact the National Semiconductor Sales Supply Voltage, Vee 
Office/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'Cto + 150'C 

Temperature (Soldering, 10 sec.) 300'C 

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

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 
DM85S68/DM85S68A 

VOL Low Level Output Voltage Vee = Min, DM75S68/DM75S68A 0.5 V 
10L = 16mA DM85S68/DM85S68A 0.45 V 

IIH High Level Input Current Vee = Max, VIH = 2.4V 25 ",A 

II High Level Input Current Vee = Max, VIH = 5.5V 
50 ",A 

at Maximum Voltage 

IlL Low Level Input Current Vee = Max, Clock Input -500 p.A 
VIL = 0.5V All Others -250 ",A 

los Short Circuit Output Current Vee = Max, VOL = OV -20 -55 rnA 
(Note 4) 

Icc Supply Current Vee = Max 70 100 mA 

VIC Input Clamp Voltage Vee = Min, liN = -18 rnA -1.2 V 

loz TRI-STATE Output Current Vee= Max. Va = 2.4V +40 /LA 

Va = 0.5V -40 ",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 Vee ~ 5.0V and TA ~ 25·C. 
Note 3: All currents into device pins shown as posit~e. 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 

tAA 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 DM75S68A DM85S68A 

Units 
Min Max Min Max Min Max Min Max 

tASC Set-UpTime Address to Clock 25 15 25 15 ns 

tosc Data to Clock 15 5 15 5 ns 

tASOS Address to Output Store 40 30 40 10 ns 

tWESC Write Enable Set-Up Time 10 5 10 5 ns 

tossc Store before Write 15 10 15 10 ns 

tAHC Hold Time Address from Clock 15 10 15 10 ns 

tOHC Data from Clock 20 15 20 15 ns 

tAHOS Address from Output Store 10 5 10 2 ns 

tWEHC Write Enable Hold Time 20 15 20 10 ns 

Connection Diagram 
Dual-In-Llne Package 

1~18 
OZ--- --Vee 

Z 17 
01--- -- 03 

A02 ..!! 04 

4 
.!!WE AZ---

5 14 
A3-- -elK 

6 ..!! OS Al--

01.2. .!!oo 

oz..! .!.!. 04 

GNO.! 
10 

I""" 03 

TL/F/9233-2 

Top View 

Order Number DM75S68J, DM85S68J, 
DM85S68N, DM75S68AJ, 

DM85S68AJ or DM85S68AN 
See NS Package 

Number J18A or N18A 

• 
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AC Test Circuit and Switching Time Waveforms 

ADDRESS 
INPUT 

DATA 
INPUT 

OUTPUT 
STORE 

WRITE 
ENABLE 

WRITE 
CLOCK 

DM16S881 
DM85SB81 
DM76SBBAI 
DM86S88A 

Write Cycle 

OUTPUT 

Clock Set·Up and Hold Time 

r---"' 
1.5V 

------.W-EH.JC~--

Clock to Output Access 

TUU9233-4 

I~~~~ ----I.-5V"')I(-------- --, 
____ J. 

WRITE 1.5Vi 
CLOCK • 

____ L_IcA""""'\-I, __ 
OUTPUTS __________ ~.~L 

TL/U9233-5 

5.0V 

CL = 5.0 pF for 1HZ, ILZ 
CL = 30 pF for all others 
CL includes probe and jig capacitance 

All diodes are 1 N3064 

TUL/9233-3 

Read Cycle 

Address to Output Access Time 

ADDRESS 15V\.r----------
INPUT ~ __ ~J"7If\1 \.. __________ _ 

-.AA-I r------· 
OUTPUTS ______ ~~'i(,, ______ _ 

TL/L/9233-6 

Output Store Access, Set·Up and Hold Time 

A~~~~~ ~---X1.5V 
__ J. l-tAHos~I'--------

O~:~~~ 1.5V 1.5V 

OUTPUTS 

OUTPUT 
DISABLE 

TL/L/9233-7 

Output Disable and Enable Time 

\1.5V 
+ 1.5V--t-'-+:oI""-__ r--....:+-:-:: 

O.SV 

VaL--~r.l 

OUTPUT 

VOH--~""" 

"T 

D.SV 
1.5V--+--+-..30----+--~f-_,_ 

TL/L/9233-8 

Note: Input waveforms supplied by pulse generator having Ihe following characteristics: V=3.0V, 1R,,2.5 ns, PRR"I.0 MHz and loUT = 5OM. 
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~National 
~ Semiconductor 
ST ARTM Surface Mount 
Tape-and-Reel Specification 

General Description 
Tape-and-Reel is a new method for shipment of surface 
mount devices. This approach simplifies the handling of 
semiconductors for automated circuit board assembly sys­
tems. A Tape-and-Reel holds hundreds-to-thousands of 
surface mount devices (as compared with less than 100 
devices in a rail), so that pick-and-place machines have to 
be reloaded less frequently. This savings in labor will further 
reduce manufacturing costs for automated circuit board as­
sembly. 

Features 
• Conductive PVC material redeuces static charge build­

up 
• Fully meets proposed EIA standard RS-481A (taping of 

surface-mounted components for automatic placing) 

Tape-and-Reel Diagram 

ARBOR HOLE 
(FOR MOUNTING REEL 

ON PICK-ANO·PLACE 
MACHINE) 

LABEL 
(IDENTIFIES 

DEVICE CONTENTS) 

REEL 
(CARRIES 

TAPE OURING 
SHIPPING AND 
COMPONENT 

FEEDING) 

6-3 

PRELIMINARY 

SEMICONDUCTOR TAPE·AND·REEl SYSTEM 

• Fully compatible with National's surface mount package 
types 

• Variable code density code 39 bar code label for Auto­
mated Inventory Management availability 

• Mechanical samples of surface mount packages avail­
able in Tape-and-Reel for automated assembly process 
development 

• Single Tape-and-Reel holds hundreds-to-thousands of 
surface mount semiconductors for additional labor sav­
ings 

• Conductive cover Tape-and-Reel availability 
• Reels individually packed 

"MADE OF CONDUCTIVE PVC MATERIAL 

COVER TAPE 
(SECURES DEVICE 
IN CAVITY) 

\ SPROCKET HOLES 
(GUIDE TAPE IN 
PICK·AND·PLACE 
MACHINE) 

TL/HH/8352-1 



Tape-and-Reel Overview 

TAPE FORMAT AND DEVICE ORIENTATION 
DIRECTION 

OF FEED • 
r--TRAILER + CARRIER SECTII* + -I SECTION 

-
00000000000000000000000000 0 ~ 0 0 0 10 0 00000 000000000 

I i 
I I 

HUB 
I I I I END I I I I I I 

'------0-" '-----r--" - - - '----r--"'------o-" 
• EMPTY • EMPTY • FILLED CAVITIES .( ~.'EMI'TY 'EMI'TY CAVITIES CAVITIES • SEAlED COVER TAPE CAVITIES CAVITIES 
• UNSEALED • SEALED • SEALED • UNSEALED 

COVEll TAPE COVEll TAPE 

r~ 
r.-------'-:1 

COVERTAPE COVERTAPE 

[iJ 
r;- -------;, 

i~ 0 0 I I 0 0 0 0 1 
I I i I 110: 1~1 

i 11;U111 i 11";111 
PIN1 
oRIENTATIDN 

II~ II I I 
I I 
I I 

I I I I I I 1=1 I I I I I I L! _________ ~ L! _________ ~ L!_ j t.= ~ 
.oPTIDN' OPTION 2 ! SO-IC pce-IC 

I DEVICES DEVICES 

SOT-23 
DEVICES 

TLlHH/B352-2 

Page Page 

Small Outline Transistor SOT-23 (High Profile) 3 Plastic Chip Carrier IC (PLCC-IC) PLCC-20 11 

SOT-23 (Low Profile) 3 PLCC-28 12 

Small Outline IC (SO-IC) SO-8 (Narrow) 4 PLCC-44 13 

50-14 (Narrow) 5 PLCC-68 14 

SO-14 (Wide) 6 PLCC-84 15 

SO-16 (Narrow) 7 

SO-16 (Wide) 8 

SO-20 (Wide) 9 

SO-24 (Wide) 10 

MATERIALS 

• Cavity Tape: Conductive PVC (less than 105 O/Sq) • Reel: 1. Solid 80 pt. Fibreboard (standard) 

• Cover Tape: Polyester 2. Conductive Fibreboard available 

1. Conductive Cover available 3. Conductive Plastic (PVC) available 

LABEL 

Human and machine readable label is provided on reel. A variable (C.P.I.) density code 39 is available. NSC STO Label (7.6 
C.P.I.). 

Field Example: 
Lot Number LOT DATE (REVISION 
Date Code (NUMBER (CODE NUMBER 
Revision Level LOT, EPb3'3b3KD2? Ole, Mllb44 R, 
National Part No. 1.0. IIIIIIIIIII •• UIIIII IIIIIIRI. Quantity 

Fields are separated by at least one blank space. INiNliiIMlillfl.llllilil~II.lgIBQTYlliilll Future Tape-and-Reel packs will also include a smaller-size 
bar code label (high-density code 39) at the beginning of the NATIONAL SEMICONDUCTOR PART NUMBER 

tape. (This tape label is not available on current production.) TL/HH/D352-3 

National Semiconductor will also offer additional labels containing information per your specific specification. 
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.-----------------------------------------------------------------------,~ 

SOT-23 (High Profile), SOT-23 (Low Profile) 

TAPE FORMAT 

Direction 
of t 
Feed 

TAPE DIMENSIONS 

REEL DIMENSIONS 

Tape Section # Cavities Cavity Status Cover Tape Status 

Leader 5 (min) Empty Unsealed 
(Start End) 5 (min) Empty Sealed 

Carrier t'2500 (High) Filled Sealed 

t'3000 (Low) Filled Sealed 

Trailer 2 (min) Empty Sealed 
(Hub End) 2 (min) Empty Unsealed 

'These quantities represent 7' Reel Quantity availability. 

tlO,OOO For 13" Reel. 

O.041±O.OO2 TVP 
1.O5±O.05 

6·5 

h '3Ll 
MAXIMUM AWlWAllLE 
BEND RADIUS 

0.567 MAx--l I---
14.4 I I 

0.512 ±0.OO2 
13±0.05 

L 
I" 

TL/HH/8352-5 

~ 
::tI 

TL/HH/8352-4 



a: 
~ 50-8 (Narrow) 

TAPE FORMAT 

Direction 
of t 
Feed 

Tape Section 

Leader 
(Start End) 

Carrier 

Trailer 
(Hub End) 

# Cavities 

5 (min) 

5 (min) 

2500 

2 (min) 

2 (min) 

Cavity Status Cover Tape Status 

Empty Unsealed 

Empty Sealed 

Filled Sealed 

Empty SeaJed 

Empty Unsealed 

TAPE DIMENSIONS 

0.157±0.OM TVP­
bO.l 

w-jr­
J.~ .~.-rt=~ 

(-----i,.- 12r @TANGi;;:O~N~~) 

~0-.~-B5-±±-00 .. 1-00-4~4~~------~~-~----------~ . ___ ~_-L__ O.~±O.OM I I 
2.1±0.1 -+I 

6.55±0.1 
@TANGEIITPOINTS B· MAX 

0.25B±0.DM HI-" 
~=t=ffibJtj b~ 

(2.1) (0.3) 

REEL DIMENSIONS 

~ 
(330) 

((OJ '\)====:::t=il'1.1.'969 
'._/ 50 

MAXIMUM ALLOWABLe 
BEllO RADIUS 

O.724 MAX-i I-
18.4 I I 

O.512±O.OO2 
13±0.05 

L 
I 

FUURAOIUS 

0.488·:::: I I 
12.4": ----.., r-

TUHH/8352-6 

TL/HH/8352-7 
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SO-14 (Narrow) 

TAPE FORMAT 

Direction 
of 
Feed 

TAPE DIMENSIONS 

i 

Tape Section 

Leader 
(Start End) 

Carrier 

Trailer 
(Hub End) 

0.157:!: 0.004 
~TYP 

tllO.61±O.002 
l.S5±O.05 

# Cavities Cavity Status Cover Tape Status 

5 (min) Empty Unsealed 

5 (min) Empty Sealed 

2500 Filled Sealed 

2 (min) Empty Sealed 

2 (min) Empty Unsealed 

_ O. ~9:t±O~O~02 TYP O'~~795 ~ ~~04 TYP 
~_L 

0,3 1-

o 0 o o o 0 O~--.----
B'MAX 

/ 

o 

0.29S±0.002 
7.S±0.OS I 0,630± 0.012 

c------tt- 16±0.3 

10,266 ± 0,002) 1 
(6,7S±0,OS) 

I 
'---____ O,061±0,002 

1.55±O.05 

0,262 ± 0,0041 ~ 6.65±O,1 - ----So MAX 

@TANGENTPOINTS -.--L °O~2 

t \ 
0.3BO±0,004 

9.6S±0,1 
@TANGENT POINTS 

I 

0,OB3 ± 0,004 I I 
2hO,1 ~ r-

-=r=~-.~+M~~ J 
(2.1±O.1) 

REEL DIMENSIONS 

.!l!W 
(330) 

0,059 
1.5 

6-7 

MAXIMUM AlLDWABLE 
BEND RADIUS 

0,BB2 MAX _1 I--
22,4 I 

0,S12±0.002 
13±D.05 

L 
I 

Tl/HH18352-9 

TLlHH/8352-B 



a: 
~ 50-14 (Wide) 

TAPE FORMAT 

Direction 
of t 
Feed 

TAPE DIMENSIONS 

Tape Section 

leader 
(Start End) 

Carrier 

Trailer 
(Hub End) 

II Cavities 

5 (min) 

5 (min) 

1000 

2 (min) 

2 (min) 

Cavity Status Cover Tape Status 

Empty Unsealed 

Empty Sealed 

Filled Sealed 

Empty Sealed 

Empty Unsealed 

\-___ 0.15: : :'iD1J4 TYP 

~ " (03)-::1i 4> 0.61 ± 0.002 TYP 
1.55 ± 0.05 

o 0 0 0 o 0 

o 

0.061:0.002 TYP ___ -' 0.472:± 0.004 
1.55,.0.05 12,.0.1 

n.05=O.1 • 0.43hO.D1J4 ir . 
@TANGENTPOIIITS I MAX 

-rr:J 0 J!!!J.-:;=r 
(3) 

REEL DIMENSIONS 

~ 
(330) 

0.059 
1.5 

0.79 ± 0.002 TVP 
2 ± 0.05 

0.069±0.004 

11.75±0.1 

(I' MAX 

6-8 

0.3agt.lIO~ 
9.65±0.1 

@TANGENT POINTS 

L~REF 
(0.3) 

l 

0.IB2 MAX_1 I-
22.4 I 

0.512±0.002 
13,.0.05 

L 
I 

MAXIMUM ALlDWAilLE 
BENORAOIUS 

TL/HH/8352-10 

TL/HH/8352-1 I 



SO-16 (Narrow) 

TAPE FORMAT 

Tape Section # Cavities Cavity Status Cover Tape Status 

Direction 
of t 
Feed 

TAPE DIMENSIONS 

<1>0.61 + 0.002 
1.55:0.05 

Leader 5 (min) 
(Start End) 5 (min) 

Carrier 

Trailer 
(Hub End) 

2500 

2 (min) 

2 (min) 

_ 0.79±0.002 TYP 
2±0.05 

o o 0 0 0 0 0+-------.-
0.295: 0.002 
7.5±if.ii5 

Empty 

Empty 

Filled 

Empty 

Empty 

o 
I 0.630 ± 0.012 

c-----+t - 16±0.3 

(0.266+0.002! I 
16.75 ± 0.05! 

'--____ 0.061 ± 0.002 
1.55 ± 0.05 

~---"'8'MAX 

I 

0.262% 0.0041 ~ 
. @ TANGENT POINTS ..!!J!B. r- 0.3 

-=c=~-
(0.083+0.004) ~ I 

12.1±0.1) 

REEL DIMENSIONS 

(13.00) 
(330) 

0.059 
1.5 

6·9 

Unsealed 

Sealed 

Sealed 

Sealed 

Unsealed 

~_L 
0.3 1-
8' MAX , 

O.Jl±O.~04 
10.45±0.1 

@TANGENT POINTS 

~ 

0.083%0.004 I 
2.1±D.1 ~ 

MAXIMUM ALLOWABLE 
8END RADIUS 

TUHH/B352-12 

0.882 MAX-I I-
22.4 I 

0.512 ± 0.002 
13±0.05 

L 
I 

TL/HH/B352-13 



SO-16 (Wide) 

TAPE FORMAT 

Tape Section # Cavities Cavity Status Cover Tape Status 

Leader 5 (min) Empty Unsealed 

Direction (Start End) 5 (min) Empty Sealed 
of 
Feed 

t Carrier 1000 Filled Sealed 

Trailer 2 (min) Empty Sealed 
(Hub End) 2 (min) Empty Unsealed 

TAPE DIMENSIONS 

_ 0.157 ± 0.004 TYP -ji 4 ± D.l 10.3) 

/ ~ 0.S1 ± 0.002 TYP 1- _ 0.79 ± 0.002 O.OShO.Oo. 
1.55 ± 0.05 2 ± 0.05 1.75±O.' 

1 (aOMAX 

~6[::J 
0 0 0 0 0 o~ 

0.295 L.0021 
7.S±D.DS 

I 
1 D.61~O:O~3012 D'43uL.~\ 

0 10.91±D.1 

~REF'l @ TANGENT POINTS 

> I -----: Isr 

.m .. ----f~ ~ 0.061 ± 0.002 TYP / • O.472±~ 
1.S5±O.05 12±O.l 3±D.1 

I ~'"-I~ n.05±O.1 0 J @TANGENT POINTS B MAX ~REF 

I II' ~D 0 L~REF ~REF (3) (0.3) MAXIMUM ALLDWABLE 
BEND RADIUS 
ISEE NOTE 3) 

TL/HH/8352-14 

REEL DIMENSIONS 

--- _.0.059 
,-- 1.5 

0.882 MAX_! 
22.4 r-

0.795 0.512 ±0.002 
21.2 13 ±0.05 

L / , :1 l!!Ml ( (0" \ 1 969 

~: .. "' I 

0.646':::: ---II-
16.4'; 

TL/HH/8352-15 
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50-20 (Wide) 

TAPE FORMAT 

Direction 
of i 
Feed 

TAPE DIMENSIONS 

Tape Section 

Leader 
(Start End) 

Carrier 

Trailer 
(Hub End) 

# Cavities Cavity Status Cover Tape Status 

5 (min) Empty Unsealed 

5 (min) Empty Sealed 

1000 Filled Sealed 

2 (min) Empty Sealed 

2 (min) Empty Unsealed 

1.55:t 0.05 0 79 0 002 0.069:t 0.004 ~TYPP~ J!!!!l~~ 
(0.31 II 

- -' '2:0.05 TYP C 1.75 ± 0.1 

>0 0 0 0 0 
> 

o 0 0 0 boo 0 0 O+-~--Jr- a"MAX 

I 
1--1--G 1--+--1 ~ 0.453±0.002 :::;I~~='~ ".5±0.05 \ ! 0.945 ± 0.012 

24:0.3 ~ o S{ ( --+1 - 13.45,00.1 

I \ ~ ~~1~': .-_E ..... i_PO_IN_TS ___ .-=O'l!l 

'-------------------+---------+---~~~~----.0-.~--±-0.0-02--~---L-_~ ~ ~ 
0.412 ± 0.004 2.05±0.05 O.nB ± 0.004 

12±0.1 3:0.1 

REEL DIMENSIONS 

0.059 
1.5 

113.001 (:0' "\,=====1~:tT1.1.969 T \ \~:/ .-

J1!lli 
(SOl 

MAXIMUM ALlOWABL£ 
BENORADIIIS 

1.197 MAX_i 
30.4 

0.512 %0.002 
13~0.05 

L 
I 

~ FULL RADIUS 

0.960':::: I I 
24.4': ---"1 r 
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~ r-----------------------------------------------------------------------, 
~ 80-24 (Wide) 

TAPE FORMAT 

Direction 
of t 
Feed 

TAPE DIMENSIONS 

REEL DIMENSIONS 

Tape Section 

Leader 
(Start End) 

Carrier 

Trailer 
(Hub End) 

~ 
. (330) 

II Cavities Cavity Status Cover Tape Status 

5 (min) Empty 

5 (min) Empty 

1000 Filled 

2 (min) Empty 

2 (min) Empty 

L.lH!nw 
(0.3) 

0.059 
1.5 

6-12 

Unsealed 

Sealed 

Sealed 

Sealed 

Unsealed 

MAXIMUM ALLDWAliLE 
lEND RADIUS 

1.197 MAx-i I-
30.4 I 

O.512±0.002 
1i±D.ii5 

L 
I 

TLlHH/8352-19 

TLlHH/8352-18 



PLCC-20 

TAPE FORMAT 

Tape Section # Cavities Cavity Status Cover Tape Status 

Leader 

Direction (Start End) 

of 
Feed 

t Carrier 

Trailer 
(Hub End) 

TAPE DIMENSIONS 

~TYP-
4:tD.1 

5 (min) 

5 (min) 

1000 

2 (min) 

2 (min) 

oi~:~::2 TYP _o.o:~~.~:uz TYP 

o 0 0 0 0 0 0 000 

G a 

0.061,.0.002 ___ ---J 

1.55"0.05 
0.472 :s:O.OO4 

12±O,1 

0'413%0'004@TAHGENTPUINTSH/_ 
1Q.5"i1f.1 "Bo MAX 0.012 COY 
=r=LJ 0 0 \ \====:t= 
~~ 

4.1%0.1 

REEL DIMENSIONS 

0.059 
1.5 

Empty 

Empty 

Filled 

Empty 

Empty 

(13.001 
(3301 

/ , 1.969 

( (0) ,()~====t=PL50 ,.- .... ~ 

Unsealed 

Sealed 

Sealed 

Sealed 

Unsealed 

~-~ ., I 
(BOMAX 

10.193±0.0041 . I 
14.ho.ll ---I 

MAXIMUM ALLOWABLE 
BEND RADIUS 

TL/HH/8352-20 

0.882 MAX-I I-
22.4 I 

0.512±0.002 
13±0.05 

L 
I 

FULL RADIUS 

TLlHH/8352-21 
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~ PLCC-28 

TAPE FORMAT 

Direction 
of t 
Feed 

TAPE DIMENSIONS 

REEL DIMENSIONS 

Tape Section "" Cavities 

Leader 5 (min) 
(Start End) 5 (min) 

Carrier 750 

Trailer 2 (min) 
(Hub End) 2 (min) 

L~ 

o o 

0.830 :d.DD4 
":to,' 

~ 
13.3±0.1 

o 

@TAMGENTPOIIfIS 

~ 
(330) 

4.0±0.1 

0.078:1.1102 TYP 
2:tO.15 

0.059 
1.5 

6-14 

Cavity Status 

Empty 

Empty 

Filled 

Empty 

Empty 

O.0&9:tO.1ID4 
1.7I±0.1 

Cover Tape Status 

Unsealed 

Sealed 

Sealed 

Sealed 

Unsealed 

0.812 
T3 

f\ 
0.&24 :to.OM 
~ 

@ TANGENT POINTS 

I 

/-

I 0.113000.004 ~"'",O.' 

MAXIMUM ALLOWABLE 
8ENORADIUS 

TUHH/8352-22 

1.197 MAX-I I-
38.4 I 

FULL RADIUS 

TUHH/8352-23 



PLCC-44 

Tape Section # Cavities Cavity Status Cover Tape Status 

Direction 
of t 
Feed 

TAPE DIMENSIONS 

Leader 
(Start End) 

Carrier 

Trailer 
(Hub End) 

5 (min) 

5 (min) 

500 

2 (min) 

2 (min) 

0.157:0.1104 TYP 
4:0.1 

O.72bO·IIII4H~ ~ lB.5:0.1 
@TANGENTPOINTS B' MAX 

Empty 

Empty 

Filled 

Empty 

Empty 

=r= 0 n I' U-----r 
(0.203:0.1104) ~ LO.012 REF 

(5:0.1) 0.3 
Ref 

REEL DIMENSIONS 

(13.00) 
(330) 

0.059 
1.5 

6·15 

Unsealed 

Sealed 

Sealed 

Sealed 

Unsealed 

_1,0.012 0.3 

-L 
0.728}0.~ 
•. 5",0.1 

@TANGENTPOINTS 

l 

MAXIMUM ALUlWABLE 
BEND RADIUS 

1.512 MAX-I I-
38.4 I 

0.512:0:0.l1li2 
lhO.05 

L 
I 

TLlHH/8352-24 

TL/HH/8352-25 



a: 
=: PLCC-68 en 

TAPE FORMAT 

Tape Section # Cavltle. Cavity Statu. Cover Tape Statu. 

Leader 5 (min) Empty 

Direction (Start End) 5 (min) Empty 
of t Carrier 250 Filled 
Feed 

Trailer 2 (min) Empty 
(Hub End) 2 (min) Empty 

TAPE DIMENSIONS 

;-.0.1111,.11.II1II TYP 
/ 1.I1Z0.111 

I" _.D'o:!~.':811111 TYP 

ooooooooooooooooooooooooooooooo~. 

'r- . ~ 

O.lIIbl.1III4 
1.75(,.1 

f 
'1.514:t0 .• 

4O.5:tO.05 
SYIIMUOUT 

Unsealed 

Sealed 

Sealed 

Sealed 

Unsealed 

) I 0 0 T::.:~ 
~ CEIITEIIUIIE 

to 0 0 0 oj 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0--;;-;-) I 
L.D. .. ,...11111 

2.1 ... 0 ... 

=r=.cs '.117 ...... 111FT ..... . 
1:t1.1 

REEL DIMENSIONS 

~I 
(330) 

__ 1--,0,059 
1.5 

0.512,00.002 
1""0.05 

.L. 

" 

r 
MAIOMUM MUIWAIIL£ 

IENOMDIIS 

TUHH/8352-26 

TLlHH/8352-27 
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PLCC-84 

TAPE FORMAT 

Direction 
of i 
Feed 

Tape Section 

Leader 
(Start End) 

Carrier 

Trailer 
(Hub End) 

# Cavities 

5 (min) 

5 (min) 

250 

2 (min) 

2 (min) 

Cavity Status Cover Tape Status 

Empty Unsealed 

Empty Sealed 

Filled Sealed 

Empty Sealed 

Empty Unsealed 

TAPE DIMENSIONS 

D.061±O.002 TYP 
1.55±O.05 

0.15;::';004 TYP 

_ O.079±O.002 TYP 
2::tD.05 O.06!J±D.0CI4 r ----u5±ii:1 

t 
1.594±O.002 
40.S±O.05 

SYMM ABOUT 

o o o 
44±03 

SYMM ABOUT 
CENTERLINE ~

CENTERlI::32±D 012 

00000000000000000000000000 1 
O.081±O.DD2 TYP 
2.0S±O.05 

1.411±O.DIM 

-~-

I 1.22&.0.004 -...l/ 
--;~TS I---" MAX ~ 

=r=L511 ULJ-L 
O.197±O.004~ ~ 

5.0±O.1 (0.3) 

REEL DIMENSIONS 

0.059 
1.5 

~ / '\======\=±T1.1.969 T \ i,COl) -. 

1.984 MAX-I 
50.4 

0.512 ±0.OO2 
13±D.05 

L 
I 

~ FULL RADIUS 

MAXIMUM ALLOWABLE 
BEND RADIUS 

TL/HH/8352-28 

TL/HH/8352-29 
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~ Application-Total System Saving 
SEMICDNDUClOR 

SUPPlIER 
TAPE·AND·Rm IMPROVES THE COST 
SAVINGS OF AUTOMATED ASSEMBLY 
BY REDUCING THE LABDilINVOIllED 
WRH DEVICE HANDLING. 

ELECTIIDNIC EDUIPMENT MANUFACTURER 

Cost pressures today are forcing many electronics manu­
facturers to automate their production lines. Surface mount 
technology plays a key role in this cost-savings trend be­
cause: 

1. The mounting of devices on the PC board surface elimi­
nates the expense of drilling holes; 

2. The use of pick-and-place machines to assemble the PC 
boards greatly reduces labor costs; 

3. The lighter and more compact assembled products re­
sulting from the smaller dimensions of surface mount 
packages mean lower material costs. 

Production processes now permit both surface mount and 
insertion mount components to be assembled on the same 
PC board. 

6-18 

PICK·ANII-PLACE 
MACHINE 

SIMPLIFIED DEVICE HANDLING DURING AUTOMATED ASSEMBLY 

ASSEMBLED 
PC 

BOARDS 

• 

TL/HH/8352-32 

Automated manufacturers can improve their cost savings by 
using Tape-and-Reel for surface mount devices. Simplified 
handling results because hundreds-to-thousands of semi­
conductors are carried on a single Tape-and-Reel pack (see 
the "Ordering Information" section for the exact quantities). 
With this higher device count per reel (when compared with 
less than 100 devices per rail), pick-and-place machines 
have to be re-Ioaded less frequently and lower labor costs 
result. 

With Tape-and-Reel, manufacturers save twice-once from 
using surface mount technology for automated PC board 
assembly and again from less device handling during ship­
ment and machine set-up. 



Ordering Information 
When you order a surface mount semiconductor, it will be in 
one of the 15 available surface mount package types (see 
Appendix II for the physical dimensions of the surface 

mount packages). Specifying the Tape-and-Reel method of 
shipment (Note 1) means that you will receive your devices 
in the following quantities per Tape-and-Reel pack: 

Device Quantity 

Small Outline Transistor SOT-23 (High Profile) (Note 2) 10000 I 2500' 

SOT-23 (Low Profile) (Note 2) 10000 I 3000' 

Small Outline IC SO-8 (Narrow) 2500 

SO-14 (Narrow) 2500 

SO-14 (Wide) 1000 

SO-16 (Narrow) 2500 

SO-16 (Wide) 1000 

SO-20 (Wide) 1000 

SO-24 (Wide) 1000 

Plastic Chip Carrier IC PLCC-20 1000 

PLCC-28 750 

PLCC-44 500 

PLCC-68 250 

PLCC-84 250 

'This denotes 7" reel quantity availability. 

Note 1: For small outline transistors. your order will automatically be shipped in Tape-and·Aeel unless you indieste otherwise. For surface mount integrated Circuits, 
your order will automatieslly be shipped in conductive rails unless you indieste "Tape-and·Aeel" after the device description on your purchase order. 

Note 2: Your SOT-23 devices will automatically have Option 1 orientation unless you indieste "Option 2 Orientation" after the device deSCription on your purchase 
order (see "Tape-and·Aeel Overview" for definition of SOT-23 orientations). In addition, your SOT-23 devices will automatically have the high-profile outline unless 
you indieste "Low·Profile Oudine" after the device deSCription on your purchase order (see "Appendix II-Physical Dimensions of Surface Mount Package" for 
definition of SOT -23 outlines). 

Example: You order 5,000 LM324M ICs shipped in Tape­
and-Reel. 

• All 5,000 devices have the same date code 

• You receive 2 SO-14 (Narrow) Tape-and-Reel packs, 
each having 2500 LM324M ICs 

6-19 



Appendix I-Short-Form Procurement Specification 

TAPE FORMAT 

~ Direction of Feed 

Trailer (Hub End) Carrier Leader (Start End) 

Empty Cavities, Empty Cavities, 
Filled Cavities 

Empty Cavities, Empty Cavities, 
min min 

(Sealed 
min min 

(Unsealed (Sealed Sealed (Unsealed 
Cover Tape) Cover Tape) 

Cover Tape) 
Cover Tape) Cover Tape) 

SMALL OUTLINE TRANSISTOR 

80T-23 
2 2 10000 2500' 5 5 

(High Profile) 

80T-23 
2 2 10000 3000' 5 5 

(Low Profile) 

SMALL OUTLINE IC 

80-8 (Narrow) 2 2 2500 5 5 

80-14 (Narrow) 2 2 2500 5 5 

80-14 (Wide) 2 2 1000 5 5 

80-16 (Narrow) 2 2 2500 5 5 

80-16 (Wide) 2 2 1000 5 5 

80-20 (Wide) 2 2 1000 5 5 

80-24 (Wide) 2 2 1000 5 5 

PLASTIC CHIP CARRIER IC 

PLCC-20 2 2 1000 5 5 

PLCC-28 2 2 750 5 5 

PLCC-44 2 2 500 5 5 

PLCC-68 2 2 250 5 5 

PLCC-84 2 2 250 5 5 

·This denotes 7" reel quantity availability. 
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Appendix I-Short-Form Procurement Specification (Continued) 

TAPE DIMENSIONS (24 Millimeter Tape or Less) 

- ___ Po 10 PITCH CUMULATIVE 
TAPETOLERANCE :0.2mm 

~~T 
P2- ~ 

-lor- E 

~oflT -4-. 0 8 0 +j>\~.~~ 
~ @: 

B;NDING RADIUS·(NDTE 2) 

Bo 0 ~ ~ 1 ---L 
[" 

-I AD ;--~Dl P 

DEVICE ORIENTATION 
A r '" 

~ ~ D PIN U 1 

OPTION 1 OPTION 2 SO·IC SOT·23 SOl·23 
PCC·IC 

TL/HH/8352-33 

I W I P I F I E I P2 I Po I D I T I AO I BO I KO I D1 IR 
SMALL OUTLINE TRANSISTOR 

80T-23 8±.30 4.0±.10 3.S±.OS 1.7S±.10 2.0±.OS 4.0±.10 1.SS±.OS .30±.10 3.1S±.OS 2.SS±.OS 1.20±.OS 1.0S±.OS 2S (High Profile) 

80T-23 
8±.30 4.0±.10 3.S±.OS 1.7S±.10 2.0±.OS 4.0±.10 1.SS±.OS .30±.10 3.1S±.OS 2.SS±.OS 1.20±.OS 1.0S±.OS 2S (Low Profile) 

SMALL OUTLINE IC 

80-8 
12±.30 8.0±.10 S.S±.OS 1.7S±.10 2.0±.OS 4.0±.10 1.SS±.OS .SO±.10 6.4±.10 S.2±.10 2.1 ±.10 1.SS±.OS SO (Narrow) 

80-14 
16±.30 8.0±.10 7.S±.10 1.7S±.10 2.0±.OS 4.0±.10 1.SS±.OS .30±.10 6.S±.10 9.0±.10 2.1 ±.10 1.SS±.OS 40 (Narrow) 

80-14 (Wide) 16±.30 12.0±.10 7.S±.10 1.7S±.10 2.0±.OS 4.0±.10 1.SS±.OS .SO±.10 10.9±.10 9.S±.10 3.0±.10 1.SS±.OS 40 

SO-16 16±.SO B.0±.10 7.S±.10 1.7S±.10 2.0±.OS 4.0±.10 1.SS±.OS .30±.10 6.S±.10 10.S±.10 2.1 ±.10 1.SS±.OS 40 
(Narrow) 

SO-16 (Wide) 16±.30 12.0±.10 S.S±.10 1.7S±.10 2.0±.OS 4.0±.10 1.SS±.OS .SO±.10 10.9±.10 10.76±.10 3.0±.10 1.SS±.OS 40 

80-20 (Wide) 24±.SO 12.0±.10 11.S±.10 1.7S±.10 2.0±.OS 4.0±.10 1.SS±.OS .30±.10 10.9±.10 1S.S±.10 3.0±.10 2.0S±.OS so 
80-24 (Wide) 24±.SO 12.0±.10 11.S±.10 1.7S±.10 2.0±.OS 4.0±.10 1.SS±.OS .SO±.10 10.9±.10 1S.BS±.10 3.0±.10 2.0S±.OS so 
PLASTIC CHIP CARRIER IC 

PLCC-20 16±.SO 12.0±.10 7.S±.10 1.7S±.10 2.0±.OS 4.0±.10 1.SS±.OS .SO±.10 9.S±.10 9.3±.10 4.9±.10 1.SS±.OS 40 

PLCC-2B 24±.SO 16.0±.10 11.S±.10 1.7S±.10 2.0±.OS 4.0±.10 1.SS±.OS .SO±.10 1S.0±.10 1S.0±.10 4.9±.10 2.0S±.OS SO 
Note 1: Ao. Bo and Ko dimensions are measured 0.3 mm above the inside wall of the cavity bottom. 

Note 2: Tape with components shall pass around a mandril radius R without damage. 

Note 3: Cavity tape material shall be PVC conductive (less than 105 Il/Sq). 

Note 4: Cover tape material shall be polyester (30-65 grams peel·back force). 

Note 5: 01 Dimension is centered within cavity. 

Note 6: All dimensions are in millimeters. 
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~ ,----------------------------------------------------------------------, 
~ Appendix I-Short-Form Procurement Specification (Continued) 

TAPE DIMENSIONS (32 Millimeter Tape or Greater) 

- - PolO PITCH CUMULATIVE 
TAPE TOLERANCE ± 0.2 mm 

;0 -1--1'2 E 
10 cJ 0 o~ 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 ~l 1(- AO~ ~~ I 

BO ° /0 ° < F2 W 

=; ! (I ~~l roooot 000001,0000000000 0 oo)~ 

·~~ .. i·~ -.- , 
PlN/ 
1 

~ 

v-

PCC-IC 

~~~LlEST POSSIBLE 

v\·_~·m' 

TL/HH/8352-34 

I w I P I F2 I E' I P2 I Po I D IT I AD I 80 I Ko I D1 IR 

PLASTIC CHIP CARRIER IC 

PLCC-44 32±.3 24.0±.1 14.25±.1 1.75±.1 2.0±.05 4.0±.1 1.55±.05 .30±.1 18.0±.1 18.0±_1 5.0±.1 2.05±.05 50 

PLCC·68 44.3±.3 32.0±.1 20.25±.1 1.75±.1 2.0±.05 4.0±.1 1.55±.05 .30±.1 25.6±.1 25.6±.1 5.0±.1 2.05±.05 50 

PLCC-84 44.3±.3 36.0±.1 20.25±.1 1.75±.1 2.0±.05 4.0±.1 1.55±.05 .30±.1 30.7±.1 30.7±.1 5.0±.1 2.05±.05 50 
Note 1: Ao. Bo and Ko dimensions are measured 0.3 mm above 1he Inside wall of the cavity bottom. 

Note 2: Tape with componenls shell pass around a mandril radius R without damage. 

Note 3: cavity tape material shall be PVC conductive (less than lOS O/Sq). 

Note 4: Cover tape material shall be polyester (30-65 grams peel-back force). 

Note 5: D1 Dimension Is centered within cevity. 

Note 6: All dimensions are In millimeters. 
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Appendix .-Short-Form Procurement Specification (Continued) 

REEL DIMENSIONS 

TMAX 

- .--8 H 

/ "-
A (CO) \ DI ~ c:::c: 

'-_/ 'j 

"- ~.~-. 
M 

TUHH/B352-35 

A (Max) B{Min) C o (Min) N{Mln) G T{Max) 

8mmTape 50T-23 
0331+ 0.059 (High Profile) (13.00) 0.059 0.512 ± 0.002 0.795 1.969 _'_-0.000 0.567 -- -- -- --

50T-23 (330) 1.5 13±0.05 20.2 50 8.4~J·5 14.4 
(low Profile) 

12 mm Tape 50-8 (Narrow) (13.00) 0.059 0.512±0.002 0.795 1.969 0.488~g·gbg 0.724 -- -- --
(330) 1.5 13±0.05 20.2 50 12.4~g 18.4 

16mmTape 50-14 (Narrow) 
50-14 (Wide) (13.00) 0.059 0.512±0.002 0.795 1.969 0.646~g·gbg 0.882 
50-16 (Narrow) -- -- -- --
50-16 (Wide) (330) 1.5 13±0.05 20.2 50 16.4~g 22.4 

PlCC-20 

24mmTape 50-20 (Wide) (13.00) 0.059 0.512±0.002 0.795 1.969 0960+ 0.078 1.197 
50-24 (Wide) -- -- -- _'_-0.000 

PlCC-28 (330) 1.5 13±0.05 20.2 50 24.4~g 30.4 

32mmTape PlCC-44 (13.00) 0.059 0.512±0.002 0.795 1.969 1276+0.078 1.512 -- -- -- _'_-0.000 
(330) 1.5 13±0.05 20.2 50 32.4~g 38.4 

44 mm Tape PlCC-68 (13.00) 0.059 0.512±0.002 -- 0.795 1.969 1.748~g·gbg 1.984 --
PlCC-84 (330) 1.5 13±0.05 20.2 50 44.4~g 50.4 

UnIts: 
Inches 

MillImeters 

Material: Paperboard (Non-FlakIng) 
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~ t; Appendix II-Physical Dimensions of Surface Mount Packages 

SOT·23 (High Profile) 
(Generally used lor Top-ol-Board Mounting) 

0.003-0.005 
(0.07&-0.1271 

t 
t 

SOT ·23 (Low Profile) 

10' 
NOM 

10' 
NOM 

0.018-0.024 
(0.457 -0.6101 

0.047 -0.055 
(1.194 -1.3971 

f 

1 0.110-0.120 !-­
(2.794-3.0481 I 

';(~'=:~=8';;;=;:::::=1 ~, H =-~ 

0.083-0.098 
(2.108-2.4891 

0.031-0.047 

+ 
f 

(0.76711.1941 10' ~t-- -I~ 10' 0.004-0.010 

! NOM If II NOM (0.102-0.2541 

0.018-0.022 t 
(0.457 -0.5591 

N01E: NOT TO SCALE 

.:b:Jlk. I NOM NOM 

0.015-0.017 
(0.381-0.4321 

M03A(REVC) 

(Generally used lor Underside-ol-Board Mounting) 

t 10' NOM 

0.0034-11.0050 
(0.0116-0.1271 

10' NOM 

1 0.110-0.120 !-­
(2.794-3.0481 I 

~(~:~~=~::111 n-
~t ________ ~ ___ rn2rj1=~:~~~9-~~~:~=61 

0.047 -0.055 
(1.194-1.3971 

f t 3 

0.083-0.098 
(2.108 -2.489) 

O.DOII5-O.DD4D 
0.035-0.041 (0.013-0.102) 

10'NOM 0.01&.l1.D24 t 10' NOM j LW j;: 10' NOM f 
(0.457-0.6101 

0.018-0.024 0.015-0.017 
(0.457 -0.6101 (0.381-0.4321 

! T·· .. -,- -r-w - I 
t .----_~U ) 

NOTE: NOT TO SCALE 
M03B (REV 0) 
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Appendix II-Physical Dimensions of Surface Mount Packages (Continued) 

50-8 (Narrow) 

~x45,1Ir~:!:=:::1 r 
10.'''-0.508) l S' MAX TVP 

J:~~, I. T' 
10.203-0.2541 ALl lEAD TIPS _____ 0.016-0.0511 

TVP ALL LEADS ~':.L ~J 

50-14 (Narrow) 

- I~:~:~=~~~) r 
~X45'~ !-­
(0.254-0.508) '~I 

S' MAX TVP 
ALL lfADS 

0.189-0.191 

(UDD-5.004) "' 

8 7 6 5.1 

O"2I~D"" i5.7ii'=iTaii 
• ~ 0.010 MAX 
/",,10.'54) 

LEAD NO. 1 1 , 3' ~-t-
3DD T 

IDENT TVP 

0.Q53-0.0&9 

11.346;1.753) - ~ 

:J:f t-:;;:J-~L~-~II~-;'· 
(~::~:I ~ D.D14-0.D2D TVP 

('.270) (0.35'-0.508) 
TYP ~TYP .-

10.203) t.IOM(FlEYH) 

0,335-0,344 

--I~ 3 (350i7~ A ~I 
1 

0.2'S-0.2"1 30' 
(5.79',6.198) 0 TVP 

LEAO'~~N:n ~ ~ ~ ~ ~ ~~\ 

0.053-0.069 
('.346-'.753) 

* 

1 2 3 4 5 6 7---, 

.!!!!!MAX 
10.'54) 

0.004-0.010 

t Ir-___I 

-r--I] + 

I =:I0.050 

SEATING 
PLANE * f O.t 

k s£hikl] ~ ~ -----i 
0.050 J I JL II 0.014-0.020 TVP 

0.008 -0.010 

~ 
TIP ALL lEADS 0.D04 

(0.102) 
ALL lfADTIPS 

1-(0.406-1.270) 
TVP ALL LEADS 

(0.356) 
11.270) - - - (0.356-0.508) 

TYP (~:~:) TYP 
MlolAjREV .,~ 
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~ ,--------------------------------------------------------------------------, 
~ Appendix II-Physical Dimensions of Surface Mount Packages (Continued) 

SO-14 (Wide) 

r(~:=::~::1)t_.!!:!!!!. x45' 

(0.432) 

r---,==-- 8' MAX T'/P 
*===~~~==~~~~9 A~l~DS 

I 0.030-0.050 
-+- (0.762-1.270) 

lYPALL~DS 

S0-16 (Narrow) 

(0.254 -0.508) x 
8' MAX lYP 

1 (::~:::::~) 
~45' r 

L 1)-----/ A~lEADS 

0.OD8C -r-j L-J-
(0.203-0.254) I -+ (0.4118-1.270) T'/P lli Lms 0.004 lYP A~ lEADS 

(0.102) 
ALLL~OTIPS 

If 0.346-0.362 ~ ii.7ii=9.ffii 
14 13 12 11 10 9 8 

0.394-0.419 

'''Mr:~J' , . , . , 
mr. 1_ 
(0.&86) 

0.093-0.104 

~ 
t t ~ 

~ 
(0.102-0.305) 

t ~ SEATING 
0.037-0.044 r- -----.-PLANE 
(0.940-1.118)1 1 ~J JL~T'/P 

L~ONO.l 
10ENT 

~ 
(1.346-1.753) 

+ 

6-26 

(1.270) (0.356-0.493) 
lYP 

M14B (REV Dj 

30' 

~;:::::;;:::;:r=~~ .----, 
~MAX 
(0.254) 

0.004-0.010 
(0.102 0.254) 

- - - - ~ SEAlING 

o.050J j L o.mL.:;;p 
(1.270) (0.356-0.608) 

lYP 008 

(~:203) lYP ""'" •• , .. 



Appendix II-Physical Dimensions of Surface Mount Packages (Continued) 

SO-16 (Wide) 

50-20 (Wide) 

8" MAX TYP 

~ ~=O.=IJIM ==:::;;~~~s 
0.0II!I-0.013 - I 
ii.iH-i.iiii ALLI~:~IPS -+-(~::=~:~j~) 
1YP ALL was TVP ALL LEADS 

~~-I {lD.11-l0.50) 
1& 15 14 13 12 11 10 9 

1 
0,394-0.419 

~ 

LEAD NO.1 !!r\ 

IDENT---;j\...)~FFF~~FfF~~~ft~ 

0.093-0.104 

~ 
t 

&-, 
~MAX 
(0.254) 

SEA11NG 
PlANE f 

0.004-0.012 

~.~ . -- - - - - ~ 

(~:!::) I I ~ JLJ L 0.014-0.020 TVP 
- ..... (1.2TO) ('.356-0.508) 

TYP ..!Q2! TYP 
(0.203) M16B(FIE'IEI 

~~;::;:;::::;:;::~ 
1D---r 

.!!1!MAX 
10.254) 

D.083 -0.104 
(2.362-2.642) , 
~ 

0.004-0.012 

L ~ 

~ t SEATING 

f f ILL JL t PlANE I~':~) --....!!:!!. ~TYP 
. 11.2711) ID.35& -0.508) 

TVP 
-. ~TYP 

10.203) M2CB(REvF) 
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~ Appendix II-Physical Dimensions of Surface Mount Packages (Continued) 

SO-24 (Wide) 

0.009-0.013 
(0.229-0.330) 
TYP ALL LEADS 

.!!!.!..=.Y!!..---. 
17.3111-7.594) 

0.017 
(0.432)1 
x45· 

0.037 - 0.044 
10.940-1.116) 

+ 

O.093-0.11M 
(2.362-2.6421 

! 

OO------1~55::=~56~)-------IO~ 
n 21 ~ 19 18 17 16 15 14 13 

10 11 12 

L 
-t ·r::J..!:::::~r =~~ 

0.03D-0.D5D 
10.7(;2-1.2711) 
TVP ALL LEADS 

0.004-0.012 fli5.Diiciriri: 10.102iO.3D5) 

fj L~ J 1.- 0.01L.019 

PLCC-20 

0.DD4 
iQ.iDzi 

ALL LEAD TIPS 

4 SPACES I(! 
0.050 

(1.270) 

0.D8D 
16 i2.032i I :.:="' ........... --1r--'- :E:~:L 

tu~ 
4 SMCES AT 

0.050 
iI.Foi 

0.310-0.330 

1Wi=i.3iii 
(CONTACT OIMENSIDII) 

0.020 
(0.508) 

•. a-O.D11 0.032-0.040 Jl-:~;~~~!~~~~~ MIN (O.127~D.311) (0.613-1.016) 

6·28 

11.270) (0.356 -0.463) 
TYP 

0.
D45ir 11.143) 

x45" 

~ 
150 VIEW irA 



Appendix II-Physical Dimensions of Surface Mount Packages (Continued) 

PLCC·28 

PLCC·44 

l .... c"·'r 0.0511 rn-ll.21O) 0.130 

I (::1 
15 PEDESTAl 

l lc~:~i,i~ON) r-
0.020 I 0.013-0.018 =r I '1 M-_m_O_."_7) __ I:_::~_'~*~_.~_~_)L+ 

0.1115-0.01' r=~ t 
10.127-0.311) i=: ,

0
.... jl I:::~;::) f I:::=::~:) 

(1f.43j 

~D.DZO 
(0.813-1.018) (O.5DS) 

REFSII 
8.485-0.485 
112.32-12.57) 

SQUARE 

I" 
1.-0.050 

11.210) 
Rlf 
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IX 

~ Appendix II-Physical Dimensions of Surface Mount Packages (Continued) 

PLCC-68 

PLCC-84 

.. 'I 
'"I·I----:O~I---.... ·-t-l ... 

!J!i!!=.L!!!!. 
(O.'7&2-1.1oU) ... 

1YP 

6-30 

.!:l!!..;!JJ!. 
(2.1142-2.1117) 

..!J!!. 
(29.21) 

1 .• - .. .. 

121· .. -· ... '1 --

... Jj'!1 

J"'... .... ... ': 
~''''I ... 
L~'::::: .!:!!!.:!:!!!. 

(4.111-4.171) 

t...-.!J!!::!J!!!..!!!!. f D.IM2-D.D4I-J 
(UI1-4.ml(U.ll1Z) (1.CIIJT-1.11I) ...... ""' ... 



~National 
"'C 
::T 

~ 
C:;' 

~ Semiconductor All dimensions are in inches (millimeters) !!!. 

16 Lead Hermetic Dual-In-Line Package (D) 
NS Package Number D16EQ 

PIN NO.1 
IDENT 

0.185 
(4.&99) 

• (2D.32±D.254) \
1---- D.BDD±D.D1D ----l9 .. ~1 
16 

J 1 O.I35±D.D2D j 8 L (3.429±D.508) DIA 

(::::) MAX TYP 

f 
D.295±0.D1D 

(1.493±D.254) 

+ 

MAX J D.150~~:~~ 
(3.810 ~~:~:) 

L II D.D1B±D.DD3 TYP -'11+- (D.457±D.D16) 

(~::!::~:) TYP 

0.300 ~~:~~~ 
(1620 +0.508) 

. -0.254 

24 Lead Hermetic Sidebraze Dual-In-Line Package (D) 
NS Package Number 0241< 

• " (6.9B5) MAX I I 0.215 

a '"""-m ~ + (D.254±D.D51) 

I. "I 

DI6EOLflEVAI 

I 1.195 I 
:4 23 22 21 2D ::~~ 11 16 15 14 13" 

M·,,,1:: I ~ ~ ~ ~ I ~ ~ ]3~ 
1 2 3 4 6 6 1 8 9 10 11 12 

0.020-0.1160 

_£1 I ~~_1'524)L 
(0.229-0.305) ---+ ' 

TYP 0.125-0.200 ~~j '(3'115_5'OBD~ 
19.908-10.41) ~ 

(1.270±0.127) 
0.016 -0.02D TYP 

10.405 -0.508) 
TYP D24KIAEVA) 

6·31 

C 
3' 
CD ::s 
til 
0' 
::s 
til 



II) 
s::: 
o 
"w s::: 
Q) 

E 
is 
~ 
~ 
Il. 

28 Lead Ceramic Sidebraze Dual-In-Line Package (D) 
NS Package Number D28F 

.. (35.94)-------~ 

28 27 26 25 24 23 22
MA

:l 20 19 18 17 16 15 

I 
1.415 

I 
0.420 

(10.67) 

T ~~{ ; ; r ~ ~ ~ ~ I ~ ~ ]], 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

I- 0.
3851 I (9M~) 

0.008-0.015 ~ 
(0.203-0.381) ~- ~ 

I 0.4110 ±0.020 I 
-4- (10.16±0.508)" 

0.040 ± 0.020 

J#~ 
-,-
0.125 

(3.175) 0.050 
- - (1.270) TYP 

0.019±0.004 

MIN 

(0.483±0.102)- -
TYP 

28L Leadless Chip Carrier Type C (E) 
NS Package Number E28A 

0.404 

~(10.26)--J 

sa ~I 
~ 

D 
TOP 

VIEW 

6-32 

BOTTOM 
VIEW 

1_ 0.100±0.010 

(2.5411±0.254) 

028F(REVA) 

0.065-0.076 r- (1.651-1.930) 

SlOE 
VIEW 

E2BA(AEVC) 



r-----------------------------------------------------------------------------,~ 

16 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J16A 

0.025 
(0.635) 

RAo 

0.785--\ 

~(19.939)1 1m Ii01 191 I 
15 14 13

M
AX,2 11 10 9 ~ 

0.220-0.310 
(5.588-7.874) 

'-r.rT::T'"T":T-r:T"T~-r::T"T::T'I.~ 

GLASS 
SEALANT 

0.005 - 0.020 
(0.127-0.508) 
RAO TYP 

0.200 .-=!. 0.290-0.320 I" 0.005---j (~~~) 

~~J(7.366_8.128) ~ ~~~~~~~~~~~~~.-~T--1,-~_+--~ 
O.IBO 95'±5' 0.008-0.012 J 
(~~x~2) I (0.203-0.3:5:

80 

0.310 - 0.410 I--- (2.~~ 
(7.874 -10.41) 80TH 

ENOS 

18 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J18A 

~RAOMAX 
(0.508) 

0.915 
1--------(23.24) MAX ;; I 

15 14 131 [ffi mJ 

t 
0.310 

(7.874) MAX 

J16A(AEVKI 

~-::-r-r::-1r-r-:T'T~--,-;-r"T-::-r-r.:r"U 

0.290-0.320 
1(7.366-8.128) r-
r:~GLASSSEALANT 

..!!:!!!Ltll 0.008-0.012 
(~572) 95' ±S:-- (0.203-0.305) 

AX I L 86'94' 
_ 0.310 - 0.410 TYP 

(7.874-10.41) 

0.055:0.005 
(1.397:0.127) 

L 0.loo±0.010 JP Lj 
(2.540±O.254) 

0.OI8±0.003 TYP 
(O.457±0.076) 

6-33 

0.200 
(5.0BO) MAX 

0.020-0.060 
(0.508-1.524) 

0.125-0.200 
(3.175 - 5.080) 

0.098 
(2.489) 

MAX 
80TH ENDS 

J18A(REVL.1 

::r 
~ 

~ 
c 
3· 
CD 
:J 
til o· 
:J 
til 



o ,-----------------------------------------------------------------------------, 
C o 
";; 
c 
CD 
E 
i5 
i 
i a. 

20 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J20A 

D.188 
(4.572) 

MAX 

I.- 0.310-0.410 
17.874-10.41) 

0.005-0.020 
10.127 -0.508) 

nAOTVP 

GLASS SEALANT 

0.008-0.012 
10.203-0.305) 

0.985 
1+"-----(25.019) -----~ 

MAX 

0.018±0.003 __ 1 L 
(0.457±0.076)11 

0.150 

0.200 
15.080) 

MAX 

(3.810) 0.125-0.200 
MIN (3.175-5.088) 

t t 

J20AtAEYM) 

22 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J22A 

95' ±5' 

1+------128.19)-------l .. ~ 0.420 MAX 1.110 I 

0.025 
(0.635) 

nAD 

MAX 12 ;ill0'668) GLASS 

0.400 
110.16) 

0.030-0.055 
iiffiz::;:m) 

MOTYP 

~r.r~~rr.~r.r~rr.~7r~~rrr~~ 
0.390-0.420 GLASS 

rI9.906 10.668)"~NT 
Ie :II .!!:!!!!.MAX 

14.572) 

\T I 

0.4B5±0.06D I 86' 94' II 
(12.319±1.270)--l r.l1-

MAX BOTH 0.100 
. ENDS (2.540) 

~ ~ 
0.loo±0.010 

12.540 ±0.254) 
TVP 

6-34 

0.037 ±0.005 
10.940 ±0.127) 

0.225 
(5.715) 

~L 0.020-0.070 =t_/,i=O 
II 0.125 

rll- 13~~5) 
O.OIB±O.OO3 

10.457±0.076) 

J22AIREVG) 



24 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J24A 

1.290 I 0.600 

1
1-·0--------(32.766) -------" (15.240) 

MAX fMAX iGLASS 
0.025 

(0.635) 
RAD 0.514-0.526 

1"-T':"T..,.". ...... ::T"1I"":T..,...,..r-T:,.......-=r.,...,..,...,..,.,.....,."...,.,..,....,..,.,~ ''''or'' 
0.030-ll.055 

(0.762-1.397) 
RADlVP 

~ 0.590-0.620 ~ 0.005 

~"ir ~ .~J , 
95" l5" 0.008-0.012 ... :. "'''~~, J 

f--- (0,685 ~::~:).--j (2~~~~~ 
17.40 -1.524 MAX 

1-- 0.100'0.010 I 
(2.540 '0.254)-l 

0,125-l1.200 
(3.175-5.080) 

MIN 

24 Lead EPROM Ceramic Dual-In-Line Package (JQ) (Small Window) 
NS Package Number J24AQ 

1.290 

·~I·o--------(~~'------------~~ 

0.150 
(3.Bl01 

MIN 

J24A1AEVHJ 

0,56Q 
(14.22) 

MAX GLASS 

0.025 
(0.635) 

BAD 
0.514-0.526 

(13.06-13.36) 

~~~_l 
0,030-0.055 

(0.762-1.397) 
0.180 BAD TYP 

(4.572) 

Mi I- 0.590-0.620 -I 0.005 

L--t~~ (14'i-r74B):::::L~1 (OM~~7) I 

n -= 95'±5' 0.OOB-D.015J 
(0.203-0.381) 

I _ 0.681 ~::: _ I 0.060-0.100 

r----- 1740+0.635) ~ (1.524-2.540) 
• -1.524 TYP 

I-- 0,100±0.010 I 
(2,54D±0.254) -l 

6-35 



24 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J24F 

lIZ5 
(0.135' HAD 

1.210 
1-------(21."1 MAX--------I 

0.060 1G.005 iI.52i±iii7i TYP 

0.030-0.056 

10.7&2-1.397' 

0.021-0.070 RAD TIYP (~:~::~~~:) r 
(0.608-1.771) I 

~-~~~~~~I~(:~:)t:\ 
MAX 't. 95'''-' ~ l1----I-f- (0.203-0.305) 

~I 
(2.54 fII.254,-l 

TYP 

8.125 I I TYP 

(3.175) I--~-l 
MIN (7.874-10A1I 

JZ4FiREYGI 

28 Lead EPROM Ceramic Dual-In-Line Package (JQ) (Small Window) 
NS Package Number J28AQ 

0590 0620 -
(14.99-15.75)-

IL II JI 
!.-!-95' ± 5" 

~ h +0.025 Jt 0.685 -0060 I - '-('7 40 + 0.635) 
. -1.524 

0.009-0.012 
(0.203-0.305) 

GLASS 
SEALANT\ 

0.180 \~ 0.020-0.070 
14.572) (0.508 -1.778) 
~ . 
D.225j t· I· 
15M~) ~ 1 1 11- - 0.055±0.0='94'TYP 

(3.175) (1.397±0.127) 
MIN TVP 

0.060-0.100 _ _ _ 0.100+0.010 _ +- 0.D18±0.0D3 
(1.524-2.540) -(2.54D±0.254, (0.457±0.076) 

TVP TVP J2BA.Q (REV B) 

6·36 



32 Lead EPROM Ceramic Dual-In-Line Package (JQ) 
NS Package Number J32AQ 

.!:.!!! 
(~F) I-

~-
0.590-0.620 

(14.99 -15.75) 

MAX (0.889) 
~~~~~~~~~~~~~~~~~~~~1~7~ 

(!26::)---------~ r iW -

0.025 
(0.635)~ I 

RAD ~ 

~~1 
(O.762-1.397J ~ ..... 

RAD TY. (1.397±0.127) 

0.018±0.003 II 
(0.457±0.076)-I1-

0.010 

0.585 
(14.86) 

MAX 

(0.254) 0.225 
MAX (5.715) 

MAX 0.015-0.060 td',ar' 
86' 

--94' 
1.-./ 0.125 r (3.175) 

MIN 

J32AQ(REve. 

40 Lead EPROM Ceramic Dual-In-Line Package (JQ) 
NS Package Number J40AQ 

0.025 
--RAD 
(0.635) 

0.030-0.055 
(0.162-1.391) 

RAD TYP 

____________ 1:;0::
1 
___________ --1 

6-37 

MAX 

0.018±0.003 II 
(O.457±O.D76)II 

TV. 
0.100± 0.010 I I I 

12.540 ± O,2541----j r- --j 
TV' 

0.08a 
12.489) 
MAX (80TH ENOS) 

• 



o r---------------------------------------------------------------------------------, 
C o 

"in 
c 
CP 
E 
is 

~ 
~ a. 

8 Lead (0.150" Wide) Molded Small Outline Package (M) 
NS Package Number M08A 

1 1~:~~~=~:!:!) r . 
0.010-0.0ZO x45'_ r 
(0.254-0.50B). . B' MAX TYP 

0.053-0.069 
(1.346-1.753) 

+ 

0.IB9-0.197 
(4.Boo-5.004) 

B 7 6 

0.1104-0.010 
(0.102 0.254) 

~ SEATING t = .~I I. T (0.102) 
0.008-0.010 ALL LEAD TIPS 
(0.203-0.254) _ 0.016-0.050 
TYPALL LEADS (0.406-1.2TD) 

TYPAULEADS 

f o.t J j t PLANE 
10.356} ..!!:!!!!!!.. 0.014-0.020 TYP 

(1.270) (0.356-0.5Il8) 
TYP .!!:!!!!!TYP _ 

10.203) .",",REY H) 

14 Lead (0.150" Wide) Molded Small Outline Package (M) 
NS Package Number M14A 

0.010-0.020 x45' 
(0.264 -0.5118) 

B'MAXTYP 

I-±~ I.-(0.406-1.270) 
TYP ALL LEADS 

0.053 -0.069 
(1.346 1.753) 

t 
+ SEATING 

PLANE t f 
0.014 

iD.35ei 

6-38 

30' 

:;::::;:;:::;:;;:::;:;:::;:;::~ 
3 4 7-, 

.!.!!!!MAX 
10.254} 

0.1104-0.010 

ttL~ (0.102 0.254) 

~-=i 
~J I-JL _I L 0.014-0.0;0 TYP 
(1.2TD) (0.356 0.50B) 

TYP O.OOB TYP 
(0.203) 

M14A(fIEVI11 



r-----------------------------------------------------------------------------, ~ 
14 Lead (0.300" Wide) Molded Small Outline Package (M) 
NS Package Number M 148 

r(~:~::-~:::):t 
1· 0.017 x4So 

0.009-0.013 (0.432) 

(0.229-0.330) r---.==-- BO MAXlYP 

lYP Alll£ADS I ~ All lEADS 

LJ, 3:,---===4= 
r ~ J I 0.030-0.050 

(0.102) -- (0.762 1.270) 
All lEAD TYP All lEADS 

TIPS 

0.093-0.104 
(2.362-2.642) 

4 S 6 7 

t t 0.004-0.012 'F???? j (0.102 0.305) 

t ilJjJjJjJjJOjJJ O--.t SEATING 

0.037-0.044 1 L JL t PLANE (0.940-1.11B) T 
~ ~lYP 
(1.270) (0.356-0.483) 

TYP 

M14,BtREVD) 

8 Lead Molded Dual-In-Line Package (N) 
NS Package Number N08E 

~DIA 
(2.337) 

PIN NO. llDENT 

0.D45±0.015 
(1.143±0.3Bl) 

O.OlB ±0.OO3 
(D.457±D.D76) 

~(~::!::~~:) 

I-- D.D6D 
iiTzi) 

6-39 

0.032±0.00S ~7 
(0.B13 ±0.127) 

RAO 

PlNNO.lI0ENT~ 

1 

OPTION 2 

NOBE(REVFI 

~ 
~ 
c 
3" 
CD 
~ rn 
0" 
~ rn 



o r---------------------------------------------------------------------------------, 
C 
.~ 14 Lead Molded Dual-In-Line Package (N) 
5i NS Package Number N 14A 
E 
is 
B 
i 
a.. 

+ 
0.020 

0.092 0.030 MAX 
(2.337) DlA 10.762) OEP'TH 

0.135±0.005 
13.429 to.127) 

OP'TION 1 

40 TYP 
OPTIONAL 

90o ±4° TYP 

10~~S) 0.125~0.150 -II 
13.175-3.810) 

0.014-0.023 TYP- ..-
10.356 -0.584) 

~f 
I I 

1
--'1 -- 0.075tO.015 

11.905±0.381) 

_ __ 0.100±0.010 TYP 

-- 12.540 t 0.254) 
_ 0.05D±0.010 TYP 

11.270 -0.254) 

16 Lead Molded Dual-In-Line Package (N) 
NS Package Number N16A 

0.092 

(2.337) 
DIANDM 

12X) 

(~:~~:) ~ 0.030 
MIN 10.762) 

0.300-0.320 MAX 

(7 .620-8.128) ~ 0.065 

.... ~"-~". IJ r -'l--(O.229-0.3811 

I· ·1 0.075 ±0.015 I J 
0.325 ~~:~~~ (1.905 ±0.3811 r-

( +1016) 0.100 ±0.010 
8.255 -0:381 (2.540 ±0.254) 

6·40 

OPTION 02 

0.300-0.320 

h~~) 

~ otS-0.016 TYP ~::!so ~~I 10.203-0.406) 

I 0.2S0 
_17.112)_ 

MIN 

... . 
0.325 ~~:~~ 

(8255 +1.016) 
. -0.381 Nl~" [REV Fl 

N16A(REVEI 



16 Lead Molded Dual-In-Line Package (N) 
NS Package Number N16E 

PIN NO. 1 ".,.t~i'!!'i'''i'!'~i'i'''f,",,'i'!l''i'''i'!''i''i'l'fIJ 

0.145 - 0.200 
(3.683 - 5.080) 

IDENT 

0.010 MIJ r= 
(0.508) 0"25-0'15~L 

(3.175-3.810) 
0.014 - 0.023 

(0.356 - 0.584) 
TYP 

I-- 0.030:1:0.015 
, (0.762:1:0.381) 
I- 0.100:1:0.010 

(2.540:1: 0.254) 
TYP 

18 Lead Molded Dual-In-Line Package (N) 
NS Package Number N 18A 

INDEX 1:5 
, AREA " 

, '; 

PIN NO.1 -' -" -' -' 
IDENT 1 2 

OPTION 02 

~ X 0.030 
(2.336) 10.762) 

NOM MAX 

0.843-0.870 -:j 
121A1-22.10) 

1& " 13 12 " 0 
DEEP (2 PLCS) 

~ 0'280~ 17.112) 
MIN 

0.300-0.320 

Ir:o
-::.: I j£J\ 

I• ·1 +0.040 
0.325 -0.015 

'U55 +1.016) 
~ -8.381 

f 
0.260 ±0.D06 

16.350 ±0.127) 

iffi::T.r;:::;:::;"T.T'~~"T.T';;;rI-1 

1 0.025.0.015 

10.635 '0.381) I-- J 
0.100 '0.Gl0 

12,540 >0.254) 
TVP 

-9o;:lf ~ 
(0.508) 

0.126-0.140 I MIN 
13.175-3.556) 

Ht6E (REV F) 

N18A(REVE) 
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"a 

~ 
~ 
c 
3' 
CD :s 
CII 
0' 
:s 
CII 



20 Lead Molded Dual-In-Line Package (N) 
NS Package Number N20A 

0.325 ~:~~~ 
(8.255 +1.D16 
~ -UBI 

0.092 X 0.030 
(2.337 X 0.762) 

MAXDP 

1.013-1.040 =:1 
(25.73-26.42) 

'F====~~='=7==16~1=6~14~=13~1~2~11~---r 

PIN NO. IIDENT 0.260 to.005 
(6.604 .0.127) 

~rrrrmm~~~rnm~~ 

0.065 
(1.651) 

~~~++~~~~~~rl 

0.009-0.0IJJ 
(0.229-0.381) 
TVP 

0.06UtO.005 
(1.524.0.127) 

I 0.100>0.010 I 
I-(2.540<0.254)-j 

-90°> 0.004°' 

I ~ I 0.125-0.140 I-- 0.018>0.003 _ (3.175-3.556) 
(0.457 >0.076) 

22 Lead Molded Dual-In-Line Package (N) 
NS Package Number N22A 

1.093-1.120 :-:-:j 
(27.76-28.45) 

19 18 17 16 15 14 13 12 

0.032±O.o05 

(0'813±0'127)~D 1. 
HAD 

PIN NO.IIDENT~ 

1 

(0.508) 
MIN 

f 
0.350 to.005 

(8.890 to.127) 

DPTION2 

N20ACREVGl 

0.062 
HAD (1.575) 

PIN NO.1 
IOENT 

I::;:;:;=;::;;;;:::;::;;;::=;::;::::;;:;::;:=::r=;::::;=;;::::;::::;::;;:;:;:;;;:::;:;:~ 
(10.160-10.668) 

_ 0.380 

(9.652) 
MIN 

1 OAOO-OA20 

(1.270 to.381) (2.540 to.254) (OA57 to.076) 

N22A{REYO) 
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r-----------------------------------------------------------------------------, ~ 
24 Lead Molded Dual-In-Line Package (N) 
NS Package Number N24A 

1-------(31.57_32.26)------o·~ 1.Z43-1.270 I 
13 

0.062 
11.575) 

RAD 

PIN NO. I IDENT 

il CB CB I 0.540 ±0.005 

,AO=F.i=r.:;=;::;;;=;:;:;:=;:;:;:=;;:T"ffl=;=::;==;;:T"iffi'''i'ffii''T.!;r=!I! J .. " 
1 2 

DOTTED OUTLINES 
REFLECT ALTERNATE 

114.73) 0.030 
MIN -(0.-76-2) 0.075 

0.160 '0.005 

~
~:l MOLDED BODY CONFIGURATION 

0.600-0.620 MAX 11.905) 

1);=115.24-15.748) Lc:r---+f-----....:..:.:......+t---n--j-------1 

95 D±5D 

1_ 0.625 ~:~~~. _I 
r--(15875 +O.635)~ 

. -11.381 

~ f t TYP 0.015 

~ ;-l f-- 0.018.0.003 (0.381) 
--. -- 0.125-0.140 

0.100 '0.010 (0.457 _0.078) ~ MIN 

(2.540 ±0254) . 

N24AIREVE) 

24 Lead Skinny Dual-In-Line Package (0.300" Centers Molded) (N) 
NS Package Number N24C 

0.009-0.016 
(0.229-0.381) 

0.300-0.320 

C:'"'I 
95"±5" 

0.280 
+0040 (7.112) 

0.325 -0:015 MIN -+----"=---/ 
(8255 +1.016) 
~ . -0.381 

0.092 
(2.337) 
(2 PLS) 

PIN NO.1 
10ENT 

OPTION 2 

0.065 

0.062 
(1.575) 

RAD 

"'J (1.651) 

0.075±0.015 I 
(1.905±0.381) I--
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1.243-1.270 
(31.57-32.26) 

MAX 

t 
0.260±0.OO5 
(6.604±0.127) 

I 

N24CIREV F) 

~ 

~ 
(i' 
e!. 
c 
3' 
CD 
:J 
til 
0' 
:J 
til 
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a 28 Lead Molded Dual-In-Line Package (N) "i NS Package Number N28B 
E 
is 

I 
f. 

PIN NO. IIDENT 
1.393-1.420 

~------(35.38-36.07)-------.j 

20 Lead Plastic Chip Carrier (V) 
NS Package Number V20A 

0.D6D 
18 (2.032) I ~_+-r'-_+----'L ~~E~~:L 

~~ 
4 SPACES AT 

0.050 
(1.270) 

0.310 -0.330 
(7.874-8.382) 

0.226 
4---+1,- i5.74oi 

NOM 
SOUARE 

(CONTACT DIMENSION) 

0.026-0.032 

t 
(0.660-0.813) 

TYP 

0.005-0.011 T , 
(0.127-0.311) 

0.104 I 0.118 
(2.642 - 2.997) 

PIN NO.l/ 
10ENT 

rT 
_.0.013-0. 018 

----45-7) 

:..-- 0.3~ •• _ 
i8.ii0') 
REFSQ 

0.385-0.395 

-(9.779 10.03) 
SQUARE 

(0.330-0. 
TYP 

.t 
trI-

0.020 
(0.508) 

MIN 

0.032-0.040 
(0.813 1.016) 

,-,0.16 5-0.180 

~ (4.19 
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0.04if5 (1.143) 
x45' 

~ 
15' VIEW A·A 

V2DA (REV J) 

0.125 -0.145 
(3.175-3.683) 

N28B(REVE) 



28 Lead Plastic Chip Carrier (V) 
NS Package Number V28A 

l 8SFACESAT r 
0.050 rrrl1.2111) 0.130 

iffij 
OIA 

15 1 PED":s~AL 

l ICO:::~~:ON) r-
0.020 I 0.013-0.01. 

0.032-0.040 ii.5aii ~ 110.330-U57) 
10.BI3-1.018) MIN TYP 

~ ~, "' 
0.185-0.180 

14.191-4.672) 

* t r-Fr= 
T 0.ODS-0.015 T I ~=~c::=ti~i======;:--f 

iD.iiH.iiii " f t~ 
12.542 - 2.997) --" "'>:-:--I::::::::::~) 

TYP 

24 Lead Cerpac, Fine Pitch Package (W) 
NS Package Number W24D 

(0.9 .. -1.194,--' 10.737-0.7871 - 10.1271 
0.037_0.041

1 

I~:=~=:::) r(::::~=:::~~ 

~TYPt1 r- _1-'·005 MINTYP 

" ln31 __ ~.-__ .. 

O.191i!O.215 

0.004-0.00' II 
(0.'0'-0.'52,---11---

l' 
0.532 -0.544 

SEEOETAlLA-"!'rirTTTTTTTTTmrrTTT1rm' "r 
l' I 

I 

0 ... 15-0.01D5.L - J" 
(0.1905-0.26871 1- II 

~O,328-D.332 
18.331-8.4331 
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(:4~~:) MAX 

V28AIRIiYO) 

(:::, MAX 

L· 

~J~ 
DElAlLA 

LW110ENT 

." :::r 
1. 
n 
!!!. 
C 
3' 
CD ::s 
!e. 
o ::s 
UJ 
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'iii 
c 
CP 
E 
is 
1j 

~ a.. 

28 Lead Cerpac, Fine Pitch Package (W) 
NS Package Number W28B 

.. M2<···1 (1.116"'.127) II 

... ">o.,,,jl 
(1.121>0.025) I-­

(NOTE!) 

I::::) MAX 
O.03D±O.DOl 

IO.762±D.D25) 

SEEllElNl.~~ ......... 
(NOlE') 

0.0075-0.0105 
(D.19D5-D.2&Sn 

64 Lead Cerquad Flatpak (W) 
NS Package Number W64A 

D.0II±o.al0 DIA 
tl.I24±O.2S4) 
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NOTES: UNLESS OllIERWISE SPf:ClRED 

NOTE 1. LEAD FltlSH: SOLDER IIIPfIBI WITH SnBO OR Sn13 SOLDER CON­
RJRM1H8 TO r.lL·M-3151D TO A M!MIMUM THICKNESS OF 200 
MlCaCHES (5.G1 MICBOMETERI. SOLDER MAY BE APPUED 
OVER LEAD IASIS Ell OR 8n PLATE. 

NDTE 2. LEAD THICKNESS MAY IE INCREASED BY D.G03INCHES (D.oamml· 
MAXIMUM AFJE1IlEAD RIIISH IS APPlIEO, 

NOTE 3. LEAD lI1JENT1F1CA11DN SHALL BE: 
I) A NOTCH IHIi OTHER IDmIFICA11DN MARK 

Wl11tIN 11115 AREA. tlB 
bl "TU ON lEAD 1, EmlER SIIIE. 

sa 

~l 
:::::.Jl-

OETAILA 
(""£3) 

WKBtREYA! 
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