


























































































































































































































































































































Timing Diagrams (Continued) 

WRALL": 
PRE = 0 

t\\\\\\\ 
CS J 
SK 

01 o o o 

oo----------+L-·, BUSYFr 
�r�=�t�~� 

·Protect Register MUST be cleared. TL/O/9208-9 

PRREAD*: 
PE = X 

PRE J 
CS J 
SK 

�0�1�~�1� 1 �~�~� ______________________________ __ 

00----------------------------__ 
TL/O/9208-10 

• Address bit AS becomes a "don't care" for NMC93CS26 
• Address bits AS and A4 become "don't cares" for NMC93CS06 
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Timing Diagrams (Continued) 

PREN*: 
DO = TRI-STATE 

PRE J 

csJ 
SK 

01 ~10.0 __ 0.J/1 

TL/D/920B-11 

°A WEN cycle must precede a PREN cycle. 

PRCLEAR*: 

PRE J K\\\\\\\\\\ 

K\\\\\\\'0 

csJ L 
SK 

01~1 1\'-____ _ 

oo---------------------+b--· 8 READY ~ 
°A PREN cycle must Immediately precede a PRCLEAR cycle. TLlD/920B-12 
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Timing Diagrams (Continued) 
PRWRITEt: 

PRE J K\\\\\\\\\\\\\\\' 

K\\\\\\\\\\\\\\' 
csJ . , 

SK 

01 

oo __ ~~l \ BUSY J 
~ 

REAOY ,-------
TLlD/9208-13 

• Address bit AS becomes a "don't care" for NMC93CS26 
• Address bits AS and A4 become "don't cares" for NMC93CS06 

·Protect Register MUST be cleared before a PRWRITE cycle. A PREN cycle must Immediately precede a PRWRITE cycle. 

PROS·: 

PRE J t\\\\\\\\\\' 

K\\\\\\\\' 
csJ L 
SK 

OI~~O __ O ____ O ______ O ____ O ___ O ____ O _________________ ___ 

Oo--------------------+b--s RU~ '-

TL/D/9208-14 

·ONE TIME ONLY instruction. A PREN cycle must Immediately precede a PROS cycle. 
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NatiOnal 
Semiconductor 
Corporation 

PRELIMINARY 

NMC93CS56/NMC93CS66 2048-Bit/4096-Bit Serial 
Electrically Erasable Programmable 
Read Only Memories (EEPROM) 

General Description 
The NMC93CS56/NMC93CS66 are external memories with 
2048/4096 bits of read/write memory divided into 128/256 
registers of 16 bits each. N registers (N ~ 128 or N ~ 256) 
can be protected against data modification by programming 
into a special on-chip register called the memory "protect 
register" the address of the first register to be protected. 
This address can be "locked" into the device, so that these 
registers can be permanently protected. Thereafter, all at­
tempts to alter data in a register whose address is equal to 
or greater than the address stored in the "protect register" 
will be aborted. 

The "read" instruction loads the address of the first register 
to be read into an 8-bit address pOinter. Then the data is 
clocked out serially on the "DO" pin and automatically cy­
cles to the next register to produce a serial data stream. In 
this way the entire memory can be read in one continuous 
data stream or as registers of varying length from 16 to 
2048/4096 bits. Thus, the NMC93CS56/NMC93CS66 can 
be viewed as a non-volatile shift register. 

The "write" cycle is completely self-timed and includes an 
automatic register erase so that no separate erase cycle is 
required. The "write" cycle is only enabled when pin 6 (pro-

. Connection Diagrams 

PIN OUT: 
Dual-ln-L1ne Package 

SK 2 7 PRE 

01 3 6 PE 

Pin Names 
CS Chip Select 
SK Serial Data Clock 
01 Serial Data Input 
DO Serial Data Output 

GND Ground 

gram enable) is held "high". If the address of the register to 
be written is less than the address in the "protect register" 
then the data is written 16 bits at a time into one of the 
128/256 data registers. If "CS" is brought "high" following 
the initiation of a "write" cycle the "DO" pin indicates the 
ready/busy status of the chip. 

National Semiconductor's EEPROMs are designed and 
tested for applications requiring extended endurance. Refer 
to device operation for further endurance information. Data 
retention is specified to be greater than 10 years. 

Features 
• Write protection in user defined section of memory 
• Typical active current 1 mA; Typical standby current 

25/LA 
• Reliable CMOS floating gate technology 
• 5 volt only operation in all modes 
• Microwire compatible serial I/O 
• Self-timed programming cycle with autoerase 
• Device status Signal during programming mode 
• Sequential register read 
• Over 10 years data retention 

PIN OUT: 

NC-1 

CS- 2 

SK- 3 

SO Package CS 
SK 
01 
DO 

GND 

Pin Names 
Chip Select 
Serial Data Clock 
Serial Data Input 
Serial Data Output 
Ground 

csOa Vee 

00 4 5 GNO 

TLID/9209-1 

Top View 

PE 
PRE 

Vee 

Program Enable NC - 4 
Protect Register Enable 01- 5 
Power Supply 00 _ 6 

14~NC 

13 ~Vee 

12 ~PRE 

11~NC 

10~PE 

9~GNO 

a~NC 

PE Program Enable 
PRE Protect Register Enable 

Vee Power Supply 

NC- 7 

TLID/9209-2 

Top View 

Order Number NMC93CS56N, NMC93CS66N, NMC93CS56EN, NMC93CS66EN, 
NMC93CS56M, NMC93CS66M, NMC93CS56MN or NMC93CS66MN 

See Package Number N08E, M14A 
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Absolute Maximum Ratings (Note 1) 

Specifications for Military/Aerospace products are not Ambient Storage Temperature - 6S·C to + 1S0·C 
contained In this datasheet. Refer to the associated All Input or Output Voltages + 6.SV to - 0.3V 
reliability electrical test speCifications document. with Respect to Ground 
Ambient Operating Temperature Lead Temp. (Soldering, 10 sec.) +300·C 

NMC93CSS6INMC93CS66 -1 O·C to + 80·C 
-40·C < TA < 8S·C E 

NMC93CSS6E/NMC93CS66E - SO·C to + 9S·C 
NMC93CSS6M/NMC93CS66M -SS·C < TA < 12S·C M 

(Mil. Temp.) - 6S·C to + 12S·C ESD rating is to be determined. 

DC and AC Electrical Characteristics 
o·c < T A < 70·C, 4.SV < VCC < S.SV (unless otherwise specified) 

Symbol Parameter Part Number Conditions Min Max Units 

ICC1 Operating Current NMC93CSS6/NMC93CS66 CS = VIH, SK = 1 MHz 2 

CMOS Input Levels NMC93CSS6E/NMC93CS66E 4 rnA 

NMC93CSS6M/NMC93CS66M 4 

ICC2 Operating Current NMC93CSS6/NMC93CS66 CS = VIH, SK = 1 MHz 3 
TIL Input Levels NMC93CSS6E/NMC93CS66E 6 rnA 

NMC93CSS6M/NMC93CS66M 6 

ICC3 Standby Current NMC93CSS6M/NMC93CS66M CS = OV SO 
NMC93CSS6E/NMC93CS66E 100 J.LA 
NMC93CSS6M/NMC93CS66M 100 

IlL Input Leakage NMC93CS56/NMC93CS66 VIN = OV to Vcc -2.5 2.5 
J.LA 

NMC93CSS6E/NMC93CS66E -10 10 
NMC93CSS6M/NMC93CS66M -10 10 

J.LA 

IOL Output Leakage NMC93CSS6/NMC93CS66 VOUT = OVtoVcc -2.S 2.S 
J.LA 

NMC93CSS6E/NMC93CS66E -10 10 
NMC93CSS6M/NMC93CS66M -10 10 J.LA 

VIL Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage 2 VCC + 1 V 

VOL1 Output Low Voltage IOL = 2.1 rnA 0.4 V 

VOH1 Output High Voltage IOH = -400 J.LA 2.4 V 

VOL2 Output Low Voltage IOL = 10 J.LA 0.2 V 

VOH2 Output High Voltage IOH = -10 J.LA Vcc - 0.2 V 

fSK SK Clock Frequency NMC93CSS6/NMC93CS66 0 1 

NMC93CSS6E/NMC93CS66E O.S MHz 

NMC93CSS6M/NMC93CS66M 0.5 

tSKH SKHighTime NMC93CSS6/NMC93CS66 (Note 2) 2S0 

NMC93CSS6E/NMC93CS66E SOO ns 

NMC93CSS6M/NMC93CS66M SOO 

tSKL SK Low Time NMC93CSS6/NMC93CS66 (Note 2) 250 

NMC93CSS6E/NMC93CS66E SOO ns 

NMC93CSS6M/NMC93CS66M SOO 

tcs MinimumCS NMC93CSS6/NMC93CS66 (Note 3) 2S0 
Low Time NMC93CSS6E/NMC93CS66E SOO ns 

NMC93CSS6M/NMC93CS66M SOO 

tcss CS Setup Time NMC93CSS6/NMC93CS66 Relative to SK SO 

NMC93CSS6E/NMC93CS66E 100 ns 
NMC93CS56M/NMC93CS66M 100 

tpRES PRE Setup Time NMC93CSS6INMC93CS66 Relative to SK SO 
NMC93CSS6E/NMC93CS66E 100 ns 
NMC93CSS6M/NMC93CS66M 100 
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DC and AC Electrical Characteristics 
O°C < T A < 70°C, 4.5V < Vee < 5.5V (unless otherwise specified) (Continued) 

Symbol Parameter Part Number Conditions Min Max Units 

tpES PE Setup Time NMC93CS56INMC93CS66 Relative to SK 50 
NMC93CS56E/NMC93CS66E 100 ns 
NMC93CS56M/NMC93CS66M 100 

tOIS 01 Setup Time NMC93CS56/NMC93CS66 Relative to SK 100 
NMC93CS56E/NMC93CS66E 200 ns 
NMC93CS56M/NMC93CS66M 200 

tesH CS Hold Time Relative to SK 0 ns 

tpEH PE Hold Time NMC93CS56/NMC93CS66 Relative to CS 250 
NMC93CS56E/NMC93CS66E Relative to CS 500 ns 
NMC93CS56M/NMC93CS66M Relative to CS 500 

tpREH PRE Hold Time Relative to SK 0 ns 

tOIH 01 Hold Time NMC93CS561N MC93CS66 Relative to SK 100 
NMC93CS56E/NMC93CS66E 200 ns 
NMC93CS56M/NMC93CS66M 200 

tp01 Output Delay to "1" N MC93CS56/N MC93CS66 ACTest 500 
NMC93CS56E/NMC93CS66E 1000 ns 
NMC93CS56M/NMC93CS66M 1000 

tpoo Output Delay to "0" NMC93CS56/NMC93CS66 ACTest 500 
NMC93CS56E/NMC93CS66E 1000 ns 
NMC93CS56M/NMC93CS66M 1000 

tsv CS to Status Valid NMC93CS56/NMC93CS66 ACTest 500 
NMC93CS56E/NMC93CS66E 1000 ns 
NMC93CS56M/NMC93CS66M 1000 

tOF CSto OOin NMC93CS56/NMC93CS66 ACTest 100 
TRI-STATE® NMC93CS56E/NMC93CS66E CS = VIL 200 ns 

NMC93CS56M/NMC93CS66M 200 

twp Write Cycle Time 10 ms 

Capacitance (Note 6) AC Test Conditions 
TA = 25°C, f = 1MHz Output Load 1 TTL Gate and CL = 100 pF 

Symbol Test Typ Max Units Input Pulse Levels OAV to 2AV 

COUT Output Capacitance 5 pF 
Timing Measurement Reference Level 

Input 1V and 2V 
CIN Input Capacitance 5 pF Output 0.8Vand 2V 

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

Note 2: The SK frequency specification for Commercial parts specifies a minimum SK clock period of 1 microsecond, therefore in an SK clock cycle tSKH + tSKL 
must be greater than or equal to 1 microsecond. For example if tSKL = 2S0 ns then the minimum tSKH = 7S0 ns in order to meet the SK frequency specification. 

Note 3: The SK frequency specification for Extended Temperature and Military parts specifies a minimum SK clock period of 2 microseconds, therefore in an SK 
clock cycle tSKH + tSKL must be greater than or equal to 2 microseconds. For example, if tSKL = SOO ns then the minimum tSKH = 1.S microseconds in order to 
meet the SK frequency specification. 

Note 4: For Commercial parts CS must be brought low for a minimum of 2S0 ns (tes) between consecutive instruction cycles. 

Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of SOO ns (tes) between consecutive instruction cycles. 

Note 6: This parameter is periodically sampled and not 100% tested. 
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Block Diagram 

cs INSTRUCTION ~Vcc 
SK DECODER, PRE 

01--4 r+f INSTRUCTION 
CONTROL LOGIC, PE 

AND CLOCK '" 
REGISTER GENERATORS. 

~ 8 

I ADDRESS COMPARE 
~ AND HIGH VOLTAGE I ADDRESS I I PROTECT r-. WRITE ENABLE ~ GENERATOR 

REGISTER REGISTER EN AND 
PROGRAM 

1 ! TIMER 
Vpp 

l DECODER I EEPROM ARRAY 

1 or 128/2561 
2048/4096 BITS 
(128/256 x 16) 

16! 

READ/WRITE AMPS ~ 
16t ~Vss 

DATA IN/OUT REGISTER .I ,U""y 1 16 BITS '1 BIT 

DO 1 DATA OUT 1 
1 BurrER r 

TLlD/9209-03 

Instruction Set for the NMC93CS56 and NMC93CS66 
Instruction SB OpCode Address Data PRE PE Comments 

READ 1 10 A7-AO 0 X Reads data stored in memory, starting at specified address. 

WEN 1 00 11XXXXXX 0 1 Write enable must precede all programming modes. 

WRITE 1 01 A7-AO D15-DO 0 1 Writes register if address is unprotected. 

WRALL 1 00 01XXXXXX D15-DO 0 1 Writes all registers. Valid only when "protect register" is 
cleared. 

WDS 1 00 OOXXXXXX 0 X Disables all programming instructions. 

PRREAD 1 10 XXXXXXXX 1 X Reads address stored in "protect register". 

PREN 1 00 11XXXXXX 1 1 Must immediately precede PRCLEAR, PRWRITE, and 
PRDS instructions. 

PRCLEAR 1 11 11111111 1 1 Clears the "protect register" so that no registers are 
protected from WRITE. 

PRWRITE 1 01 A7-AO 1 1 Programs address into "protect register". Thereafter, 
memory addresses ~ the address in "protect register" are 
protected from WRITE. 

PRDS 1 00 00000000 1 1 One time only instruction after which the address in the 
"protect register" cannot be altered. 
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Functional Description 
The NMC93CS56 and NMC93CS66 have 10 instructions as 
described below. Note that the MSB of any instruction is a 
"1" and is viewed as a start bit in the interface sequence. 
The next 10-bits carry the op code and the 8-bit address for 
selection of 1 of 256, 16-bit registers. 

Read (READ): 

The Read (READ) instruction outputs serial data on the DO 
pin. After a READ instruction is received, the instruction and 
address are decoded, followed by data transfer from the 
selected memory register into a 16-bit serial-out shift regis­
ter. A dummy bit (logical "0") precedes the 16-bit data out­
put string. Output data changes are initiated by a low to high 
transition of the SK clock. In the NONVOLATILE SHIFT­
REGISTER mode of operation, the memory automatically 
cycles to the next register after each 16 data bits are 
clocked out. The dummy-bit is suppressed in this mode and 
a continuous string of data is obtained. 

Write Enable (WEN): 

When Vee is applied to the part, it "powers up" in the Write 
Disable (WDS) state. Therefore, all programming modes 
must be preceded by a Write Enable (WEN) instruction. 
Once a Write Enable instruction is executed programming 
remains enabled until a Write Disable (WDS) instruction is 
executed or Vee is removed from the part. 

Write (WRITE): 

The Write (WRITE) instruction is followed by 16 bits of data 
to be written into the specified address. After the last bit of 
data (DO) is put on the data-in (01) pin, CS must be brought 
low before the next rising edge of the SK clock. This falling 
edge of the CS initiates the self-timed programming cycle. 
The PE pin MUST be held "high" while loading the WRITE 
instruction, however, after loading the WRITE instruction the 
PE pin becomes a "don't care". The DO pin indicates the 
READY IBUSY status of the chip if CS is brought high after 
a minimum of 250 ns (tes). DO = logical "0" indicates that 
programming is still in progress. DO = logical "1" indicates 
that the register at the address specified in the instruction 
has been written with the data pattern specified in the in­
struction and the part is ready for another instruction. 

Write All (WRALL): 

The Write All (WRALL) instruction is valid only when the 
"protect register" has been cleared by executing a 
PRCLEAR instruction. The WRALL instruction will simulta­
neously program all registers with the data pattern specified 
in the instruction. Like the WRITE instruction, the PE pin 
MUST be held "high" while loading the WRALL instruction, 
however, after loading the WRITE instruction the PE pin be­
comes a "don't care". As in the WRITE mode, the DO pin 
indicates the READY IBUSY status of the chip if CS is 
brought high after a minimum of 250 ns (tes). 

Write Disable (WDS): 

To protect against accidental data disturb, the Write Disable 
(WDS) instruction disables all programming modes and 
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should follow all programming operations. Execution of a 
READ instruction is independent of both the WEN and WDS 
instructions. 

Protect Register Read (PRREAD): 

The Protect Register Read (PRREAD) instruction outputs 
the address stored in the "protect register" on the DO pin. 
The PRE pin MUST be held "high" while loading the instruc­
tion. Following the PRREAD instruction the 8-bit address 
stored in the memory "protect register" is transferred to the 
serial out shift register. As in the READ mode, a dummy bit 
(logical 0) precedes the 8-bit address string. 

Protect Register Enable (PREN): 

The Protect Register Enable (PREN) instruction is used to 
enable the PRCLEAR, PRWRITE, and PROS modes. Before 
the PREN mode can be entered, the part must be in the 
Write Enable (WEN) mode. Both the PRE and PE pins 
MUST be held "high" while loading the instruction. 

Note that a PREN instruction must Immediately precede a 
PRCLEAR, PRWRITE, or PROS instruction. 

Protect Register Clear (PRCLEAR): 

The Protect Register Clear (PRCLEAR) instruction clears 
the address stored in the "protect register" and, therefore, 
enables all registers for the WRITE and WRALL instruction. 
The PRE and PE pins must be held "high" while loading the 
instruction, however, after loading the PRCLEAR instruction 
the PRE and PE pins become "don't care". Note that a 
PREN instruction must Immediately precede a PRCLEAR 
instruction. 

Protect Register Write (PRWRITE): 

The Protect Register Write (PRWRITE) instruction is used to 
write into the "Protect Register" the address of the first reg­
ister to be protected. After the PRWRITE instruction is exe­
cuted, all memory registers whose addresses are greater 
than or equal to the address specified in the Protect Regis­
ter are protected from the WRITE operation. Note that be­
fore executing a PRWRITE instruction the "Protect Regis­
ter" must first be cleared by executing a PRCLEAR opera­
tion and that the PRE and PE pins must be held "high" 
while loading the instruction, however, after loading the 
PRWRITE instruction the PRE and PE pins become 'don't 
care'. Note that a PREN instruction must immediately pre­
cede a PRWRITE instruction. 

Protect Register Disable (PROS): 

The Protect Register Disable (PROS) instruction is a one 
time only instruction which renders the "Protect Register" 
unalterable in the future. Therefore, the specified registers 
become PERMANENTLY protected against data changes. 
As in the PRWRITE instruction the PRE and PE pins must 
be held "high" while loading the instruction, and after load­
ing the PROS instruction the PRE and PE pins become 
"don't care". 

Note that a PREN instruction must Immediately precede a 
PROS instruction. 



Timing Diagrams 
Synchronous Data Timing 

-
-

tpRES I-:-- I-- tpREH -
~ l( 

tpES I-- ~tPEH 

---i 1 ~s· ~ 
tess tSKH I' tSKL - r-- tesH 

I 
tDlS :ltOIH 

l- I X X 

!::=1tpDO ~tpOl tfor 

\ ~ 
tsv~ =1 tor 

_v 
STATUS VALID 

" TLIO/9209-4 

. "This is the minimum SK period (See Note 2). 

READ:· 
PRE = O,PE = X 

Zl l~tA~r 
~ CSJ 

DI ~------~lll~--------~Il~--------~I~ 

"Address bit A7 becomes a "don't care" for NMC93CS56. 

"The memory automatically cycles to the next register. 

WEN: 
PRE = 0, DO = TRI-STATE 

CSJ 

SK 

DI .~~---
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Timing Diagrams (Continued) 

WDS: 
,PRE.= 0, PE = X, DO = TRI-STATE 

csJ 
SK 

01 o o .. 0 .. 0 

CSJ II 

• Address bit A7 becomes a "don't care" for NMC93CS56. 

II 

.3G----
WRITE:· 
PRE = 0 
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Timing Diagrams (Continued) 

csJ 
SK 

OJ o o o 

WRALL:· 
PRE = 0 

Zl 

K\\\\\' 
Z~t_~ V " 

1JUlJUlJU1JL 
.. ~~~-----------

OO------------------------------~Zll----------~~----~--~ 

'Protect Register MUST be cleared. 

PRE J Zl 

PRREAD:· 
PE = X 

II csJ 

SK~1JlJlJlfLruUU1Jl 

• Address bit A7 becomes a "don't ,care" for NMC93CS56. 
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Timing Diagrams (Continued) 

PREN:* 
DO = TRI-STATE 

PREJ 
Zl 

Zl 

csj Zl 

SK 

01 

° A WEN cycle must precede a PREN cycle. 

PRCLEAR:* 

PREJ t\\\\\\\\\\' 
Zl 

K\\\\\\w 
csj 

SkJlJlJUUU 
DI~1 1\"-____ _ 

DO--------~Zli!--------b!--~\ BUSY Jl READY '-

~ 
°A PREN cycle must Immediately precede a PRCLEAR cycle. 
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Timing Diagrams (Continued) 

PRWRITE:· 

PRE J K\\\\\\\\\\\\\\\' 
22 

K\\\\\\\\\\\\\\' 

csJ \'----

TL/D/9209-13 

·Address bit A7 becomes a "don't care" for NMC93CS56. 

·Protect Register MUST be cleared before a PRWRITE cycle. A PREN cycle must Immediately precede a PRWRITE cycle. 

PREJ K\\\\\\\\\' 

K\\\\\\\\' 
csJ 
SK~ 

01 ~o 0 0 ••• 0 

~ , ~~2----------------------------------------
o o o 

OO------------i12I~--------+b--8 R~DY '-

TL/D/9209-14 

·ONE TIME ONLY instruction. A PREN cycle must Immediately precede a PROS cycle. 
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NatiOnal 
Semiconductor 
Corporation 

PRELIMINARY 

NMC98C10/NMC98C40 Electrically Erasable, 
Programmable Memories 

General Description 
The NMC98C10 and NMC98C40 are 128 by 8 and 512 by 8 
5-volt programmable, non-volatile, parallel access memo­
ries built with 3-micron CMOS floating gate process. Data 
and address lines are multiplexed, enabling these devices 
to be packaged in an 18-pin DIP, saving board space. The 
pin-out is identical to the Intel 8185 static RAM and the 
2001 non-volatile RAM, allowing the memories to directly 
interface with Intel and other popular 8-bit and 16-bit micro­
processors and microcontrollers. 

The write cycle is simplified by a self-timed erase before 
write circuit on-chip. The end of write cycle can be deter­
mined by polling the data pins or the controller can simply 
allow a minimum time between a write command and the 
subsequent command. To prevent undesirable modification 
of the memory contents during system power up or power 
down, a lockout circuit ignores write commands while Vee is 
below the prescribed level of VLKO. 

Applications for these memories include storing position 
data in robotic systems, storing local area network node 
address and parameter settings in data communications 
equipment, storing set-up and last position data in industrial 
control systems and storing PBX switch data in telecommu­
nications equipment. 

The NMC98C10 and NMC98C40 are compatible with Sierra 
Semiconductor SC221 01, SC221 04. 

Block and Connection Diagrams 

ADO-AD6 ¢::l 
D7~ 

A7·~ 

DATA AND 
ADDRESS 
LATCHES 

ALE CEI CE2 CS OE WE 

As··~ ____ ... 

Features 
• CMOS EE technology 
• Single 5-volt supply 
• Reliable CMOS floating gate process 
• Eighteen-pin package 
• Multiplexed address and data bus 
• Self timed write operation 

• DATA polling 
• Minimum 10,000 erase/write cycles 
• Very low power dissipation 
• Ten year data retention 
• Minimum board space 
• Directly compatible with NSC800, NSC32000 and other 

standard microprocessors 
• No external sequencing of erase/write cycle 
• End of write cycle verified by polling 
• Long product life 

TLlD/8791-2 

ADD Vee 
AD, OE 

AD2 WE 

AD3 ALE 

AD" cs 
ADs ffi 

AD6 7 CE2 

A7·/D7 8 11 NC 

GND 9 NC/As•• 

TL/D/8791-1 

Order Number NMC98C10N, 
NMC98C10N-1, NMC98C40N, 

NMC98C40N-1 
See NS Package Number N18A 
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Absolute Maximum Ratings (Note 1) 

Specifications for Military/Aerospace products are not Lead Temp. (Soldering, 10 seconds) 
contained In this datasheet. Refer to the associated ESD rating is to be determined. 
reliability electrical test specifications document. 

Supply Voltage, Vcc 7V Operating Conditions 
Voltage on Any Pin Vcc + 0.5V (Applies to DC and AC Characteristics) 

GND - 0.5V Ambient Temperature 
Storage Temperature Range - 65°C to + 150°C Positive Supply Voltage 
Maximum Power Dissipation @ 25°C 

(Note 2) 500mW 

DC Electrical Characteristics 
Symbol Parameter Test Conditions Min Typ Max 

VOH Output High Voltage IOH = - 400 p,A 2.4 

VOL Output Low Voltage IOL = 2.1 mA 0.4 

VIH Input High Voltage 2.0 Vcc + 0.5 

VIL Input Low Voltage -0.5 0.8 

VLKO Vcc Level for Write Lockout 4.0 4.4 

III Input Leakage Current VIN = Vcc ±10.0 

ILO Output Leakage Current VOUT = Vcc ±10.0 

Icc Operating Supply Current TTL Inputs 15.0 

CMOS Inputs 10.0 

Iccpo Standby Supply Current TTL Inputs 5.0 

CMOS Inputs 100 

Isc Short-Circuit Current One Output Pin Shorted 40 

AC Electrical Characteristics 
NMC98C10, NMC98C10-1, 

Symbol Parameter NMC98C40 NMC98C40-1 

Min Max Min Max 

TAL Address to Latch Setup Time 50 20 

TLA Address Hold Time after Latch 45 30 

TLC Latch to OE/WE Control 80 35 

TOE Valid Data Out Delay from Read Control 170 120 

TLO ALE to Data Out Valid 300 180 

TLL Latch Enable Width 100 60 

TOH Output Held from Addresses, CS, or OE 
0 0 

(Whichever Changes First) 

TOLZ OE Low to Output Driven 10 10 

TROF Data Bus Float after Read 0 95 0 60 

TCL OE/WE Control to Latch Enable 0 0 

Tcc OE/WE Control Width 250 150 

Tow Data In to Write Setup Time 150 150 

Two Data In Hold Time after Write 20 15 

Tsc Chip Select Set-Up to OE/WE Control 50 20 

Tcs Chip Select Hold Time after OE/WE Control 10 10 

TALCE Chip Enable Set-Up to ALE Falling 30 5 
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AC Electrical Characteristics (Continued) 

NMC98C10, NMC98C10-1, 

Symbol Parameter NMC98C40 NMC98C40-1 Units 

Min Max Min Max 

TLACE Chip Enable Hold Time. after ALE Falling 45 40 ns 

TWR Byte Write Cycle Time 20 20 ms 

TWH Data Invalid Time after WE Falling 1 1 ms 

Number of Writes Per Byte 10,000 10,000 Cycles 

Capacitance (T A = 25°C, f = 1 MHz) (Note 3) 

Parameter Description Test Conditions Typ Max Units 

CIN Input Capacitance VIN = OV 5 10 pF 

CliO Input/Output Capacitance OE = CE1 = CS = VIH, CE2 = VIL 10 pF 

AC Test Conditions 
Output Load ................. 1 TTL Gate + CL = 100 pF Input Pulse Levels ...•.......•...••...•..... O.OV to 3.0V 
Input Rise and Fall Times (10% to 90%) ..•..•..•... 20 ns Input/Output Timing Reference Level ......... 0.8V to 2.0V 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range", 
the device should not be operated at these limits. The table of "Electrical Characteristics" provides actual operating limits. 
Note 2: Power dissipation temperature derating-plastic "N" package: -12 mWrC from 65'C to B5'C. 
Note 3: This parameter is sampled and not 100% tested. 

Pin Descriptions NMC98C10 only pins 1 through 7 are used for address bits. 
Pin Pin 

Function 
NMC98C40 uses pins 8 and 10 in addition to pins 1 through 

Number Name 7 for address bits. 

1-8 ADo-AD7 Multiplexed address and data bits. Data appear on pins 1 through 8 after OE becomes active 
Pin 8 is DATA only for NMC98C10. (low). 

9 GND Ground, 0 volts. WRITE OPERATION 
10 A8 MSB of address for NMC98C40, NC Write operation's timing is shown in Figure 3. Address is 

for NMC98C10. latched on the falling edge of the ALE. After the address is 
11 NC No connection. No internal connec- latched, the WE becomes active (low) for the minimum time 

tion is made to this pin and it may of TCC and returns to inactive state. This initiates the inter-
be left floating. nally timed write operation. No external erase before write 

12 CE2 Chip Enable 2 (see Table I) operation is needed and data lines as well as control lines 
13 CE1 Chip Enable 1 (See Table I) may change after the write operation is initiated. 
14 CS Chip Select (see Table I) 
15 ALE Address Latch Enable TABLE I. Mode Table 
16 WE Write Enable Mode CE1 CE2 CS OE WE ADo-AD7 
17 OE Output Enable 
18 VCC Positive power supply, 5 volts. Standby Powered Down VIH X X X X Hi-Z 

Functional Description 
Standby Powered Down X VIL X X X Hi-Z 

Standby Powered Up VIL VIH VIH X X Hi-Z 
Table I shows the different modes of operation as a function 
of the control signals. Standby powered down mode: both Read VIL VIH VIL VIL VIH Data Out 
write and read are inhibited and the device's power con- Write VIL VIH VIL VIH VIL Data In 
sumption is greatly reduced. Standby powered up mode: the 
device consumes the operating power, but read and write Inhibit VIL VIH VIL VIH VIH Hi-Z 
are inhibited. Inhibit mode: the device is write protected to Inhibit VIL VIH VIL VIL VIL Hi-Z 
avoid inadvertent modifications while the read and write 
pins are changing. VIL = Logical Low Input 

READ OPERATION 
VIH = Logical High Input 

Figure 2 shows the timing diagram for READ operation. The 
Hi-Z = High Impedance State 

address is latched on the falling edge of ALE. For the 
x = Don't Care 

2-66 



Functional Description (Continued) 

DATA POLLING 

After the write operation is initiated. its conclusion can be 
monitored by putting the device in the READ mode and poll­
ing the D7 data bit. The data bit will be logical inverse of the 
bit being written to a location in memory until the write oper­
ation is completed. At this time the D7 data bit will be the 
same as the last D7 data bit written into memory. 

Timing Waveforms 

WRITE LOCKOUT 

During system power up or power down. an on-chip write 
lockout circuit prevents spurious WRITES into the memory 
locations while Vee is lower than the specified lockout volt­
age VLKO. This frees the system designer from having to 
design external write protection circuits. 

--+for--------- tee 

1---- tie ---~------ toe -----~ 

~--------------7--tld ------------------~ 

~tdlz 
r trdf 

rt- toh 
I,-------~II,-------~~ 

adO-ad7 __ -",'-____ ,,"' ___ -'>---------r:OUTPUTS ACTiVE VALID DATA OUT >++--c 
TLlD/8791-3 

FIGURE 1. Read Timing 

-i:' r-
I-- tel:..! 

~f\ 

talee - I+- tlaee --

---i 
tse tee tes I--

'\ J 

twr 

tie toe 

\. J \ 
--.!!.j r- tla .=1 I=twh -- twd --, 

)I( ADDRESS X DATA INVALID \ DATA VALID }-C -
TL/D/8791-4 

FIGURE 2. Write Timing 
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NSCBOO Nt.4C9BC10 
AX CE1 
Ay CE2 
AZ CS 
RD OE 
WR WE 

ALE ALE 

ADo-AD-, H ADo-AI? 

TL/D/8791-5 

Note: Ax, Ay, Az are any three of the 8051 address pins A8-A15. By 
connecting CEf, CE2, and CS to specific address lines. The NMC98C10 
and NMC98C40 can be mapped to a particular range in memory, without 
the need for an external memory address decoder. 

FIGURE 3. Using ttie NMC98C10 with an NSC800 Mlcrocontroller 

NSC32000 Nt.4C9BC10 
AX CE1 
Ay CE2 
AZ CS 
RD OE 
WR WE 

ALE ALE 

A J\. 
ADo-AI? 
~ 

ADo-AI? 

TL/D/8791-6 

FIGURE 4. Using the NMC98C10 with the HPC 16040 Mlcrocontroller or NSC32000 
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Electronic Compass 
Calibration Made Easy With 
E2 Memory, NMC9306 

When a compass is first installed in a vehicle, or when new 
equipment, such as car speakers, are added to a vehicle 
with a compass, the compass must be compensated for 
stray magnetic fields. With a magnetic compass, it must be 
pointed towards magnetic north and then adjusted. This 
procedure is repeated at all four main points of the compass 
until the compass is calibrated. This procedure is lengthy 
and also requires another calibrated compass to point the 
vehicle in the correct direction. 

The block diagram illustrates an electronic compass that, 
with the aide of an E2 memory, makes adjusting a compass 
as easy as pushing a button, and also eliminates the need 
for another compass. In addition it gives you the ability to 
adjust for variation between magnetic and true north. This is 
a major advantage because it is something that even the 
most expensive magnetic compass cannot do. 

The brain of the electronic compass is the COP421 micro­
controller. There are two sense coils, one for north/south 
and one for east/west. The output of each of the sense 
amplifiers is an analog voltage which is fed into the A to D 
converter. These voltages are read by the COP421 over the 
microwire interface. From these voltages, the microcontrol­
ler determines the direction and displays the results 

National Semiconductor Corp. 
Application Brief 18 
Doug Zrebski 

once again over the microwire interface. To compensate the 
compass in a new environment the procedure is very sim­
ple. Start by pointing the car in any direction and push the 
switch. The CPU at this time will measure the voltage at the 
sense amplifiers and store this information in the E2 memo­
ry over the microwire interface. Now the vehicle is turned 
180°C, and the button is pushed again. The same procedure 
will be followed internally. The compensation procedures 
are now complete. During operation the CPU will compen­
sate for stray fields by adding an analog voltage back into 
the sense amplifiers. This value is stored in E2 memory and 
not lost when the power is turned off, but is readjustable if 
its environment is modified. . 

Compass variation is the difference between true and mag­
netic north. This variation differs all over the world and is 
something that must be taken into consideration when navi­
gating by compass. With the E2 memory device, a variance 
can be programmed in for any given location. In California 
this is approximately 17°, in Michigan approximately 1 0. 

Once again, this cannot be accomplished by a magnetic 
compass, and would have been impossible to accomplish 
without an E2 memory device. 

Electronic Compass Block Diagram 

NORTH/SOUTH NORTH/SOUTH 
r-+ SENSE SENSE AMPLIFIER 

COIL LM324 

FLUX GATE 
TOROID -
DRIVER 

~ 
EAST/WEST 

--" 
EAST/WEST 

SENSE SENSE AMPLIFIER -
COIL LM324 

rl D/A 
I 
I CONVERTER 
I 

A/D ~ E2 MEMORY CONVERTER 
NMC9306 COP434 

- II 
MICROWIRETW INTERFACE 

IL 
J.LP I 

8- COP421 I DISPLAY AND I DRIVERS 

TLIO/8613-1 
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~ NMC9346 

Ths application brief describes the use of the NMC9346 
(64 x 16) serial EEPROM. With the advent of the inexpen­
sive COPSTM family from National Semiconductor, hereto­
fore "expensive" applications can now be realized inexpen~ 
sively. Such an application is a low cost thermostat. Typical 
features of such a device are: ' 

1) Ability to interface to local and remote temperature sen-
sors, 

2) Ability to hold changeable settings, 

3) Digital display of present temperature, 

4) Inexpensive in high volume. 

CIRCUIT DESCRIPTION 

The basis of the thermostat is the COP410 microcontroller. 
This, with the addition of 2 ADC0854 AID converters, an 
NMC9346 EEPROM and some logic for LED display, com­
prise an extremely versatile, yet low cost, system. The 
ADC0854 allows 4 channels of temperature sensors, 1 local 
and 3 remote. Temperature sensors used are LM34 (for 
readings in OF) or LM35 (for readings in 0c). 

While there are several possible choices for AID converters 
that are MICROWIRETM compatible, the ADC0854 was cho­
sen because of its "settability". By presetting the "cold" 
temperature (Le., when the cooling unit should come 
on-say 80°F) all the microcomputer has to do is to multi­
plex the inputs and read the data in line. Similarly, the "hot" 
AID can be preset to the temperature where the furnace 
should come on (e.g., 60°F) and scanned in a like manner. 
Since the microcomputer is also keeping time of day, select­
ing an AID with more "smarts" (as in the ADC0854) the 
software can be kept manageable and an external real time 
clock chip is not needed. 

National Semiconductor Corp. 
Application Brief 22 
Kent Brooten 

The EEPROM (NMC9346) holds the presettable tempera­
ture ranges (high and low settings) by day of the week. 
Since data is in EEPROM rather than in mask ROM, it can 
be changed. 

The LED display is multiplexed by the microcomputer. De­
pending on the type of display selected, external drivers 
may be necessary. 

Input power is typically 24 VAC. Using a linear regulator 
would cause too much heat to be dissipated, which would 
upset the local temperature sensors. Thus, a switch mode 
regulator must be used. Fortunately, National Semiconduc­
tor has provided a solution to the problem with the LM3578, 
a switching regulator in an 8-pin mini-DIP, providing more 
than enough current for the application, using only a mini­
mum of external components. 

SOFTWARE DESCRIPTION 

Since a real time clock is implemented in software, all rou­
tines must execute the same number of cycles independent 
of the input. Because of the flexibility of the COPS family 
instruction set, this is not as difficult a problem as it first 
appears. Since the EEPROM contains the settings that are 
periodically sent to the AID converters, the COPS program 
merely fetches data from one source and dumps it to anoth­
er while monitoring the output. Even the SET and MODE 
keys can be acted upon in a predictable manner IF the soft­
ware designer carefully plans the program flow BEFORE 
writing code. 
Note: Also see App Brief 15. 
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24VAC D .':to I SWITCHER 

V 

DIGIT SELECT 0 
DIGIT SELECT 1 

FURNACE { :::::::::! 

II 

A/C {:::::::::! 

II 

i-:t:-1+5 

V +.5_ ...... ...., +5 

001------
SO~--------_i_+_t----------------I 
SI~--------_i_+_+------------..., 
C~~-------_+_+_t----------..., 
01~------r_r1~~----~__, 
021---------, 

Figure 1 
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The NMC9346-An Amazing 
Device 

Question: What has 8 pins, runs on 5V and can store any 
one of more than 10300 unique bit patterns? 

Answer: The NMC9346-a 1 024-bit 'serial EEPROM. 

Surprised? It is easy to check: 

21024 = number of possible combinations 

210 = 103 

21024 ~ (210)102 = (103)102 = 10306 

10306 combinations are more than enough for any conceiv­
able security application, serial number, or station I.D. many 
times over. Although the NMC9346 is a small part both 
physically and in memory size, its capacity to store unique 
codes is boundless. 

Figure 1 shows. the pin assignments and pin names for the 
NMC9346. Pins 6 and 7 are not connected, leaving only 6 
active pins on the device. The DO pin is not active while 
data is being loaded through the DI pin. DI and DO can be 
tied together, creating a device that requires a 5-wire inter­
face. This interface may be useful in security applications. 
The EEPROM could be built into a module that could be 
used as a "smart key" in electronic security systems. The 
key would be read whenever it was inserted into a 5-contact 
keyhole and access would be granted or denied as deter­
mined by the stored code. If only 256 bits of the EEPROM 
were to be used to store the code, this would still provide 
1077 possible combinations. The remainder of the memory 
in the key could be used for data collection or to keep a 
record of where the key had been. It should be noted that 
ability to write data into the key allows the key to be immedi­
ately erased if it is misused. 

Dual-In-Llne Package 

CS08 Vce SK 2 7 HC 

01 3 6 HC 

DO 4 5 GHO 

TLlD/8611-1 

Pin Names 
CS Chip Select 

Serial Clock 
Data Input 
Data Output 
+5V 
Ground 

SK 
DI 
DO 

Vce 
GND 
NC No Connection 

FIGURE 1 

National Semiconductor Corp. 
Application Note 423 
Stacy Deming 

The 5-contact key is nice, but a 4-contact key is at least 
20% better. Figure 2 shows how the addition of a retriggera­
ble one-shot can achieve this reduction. This circuit puts 
some timing constraints on the serial clock signal, but these 
are easily met. The output pulse of the one-shot should re­
main high for a period that is slightly longer than one serial 
clock cycle to prevent the NMC9346 from being reset. (The 
falling edge of CS must occur before the rising edge of the 
serial clock after the last bit of a write command is transmit­
ted.) 

+sv----------------------~ 

SK/CS~~---_I 

01/00----.... 004 

GHO----------...... 

One-shot is retriggerable MM74HC123 

FIGURE 2 

TLlD/8611-2 

A circuit for a 3-contact key is shown in Figure 3. A filter 
capacitor, diode and one-shot have been added. Both one­
shots are triggered whenever a pulse to ground occurs on 
the power supply contact. The capacitor and diode provide 
power to the NMC9346 and the one-shots during this brief 
power interruption. An operational amplifier can be used as 
the power source and can easily generate the required 
waveform. Both the serial clock and chip select signals are 
recovered from this waveform. 
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Vee 
SK--~------__ ~----------~ 
CS 

01/00----........ 

GNO----------------------~~ 

FIGURE 3 

TL/D/8611-3 

One-ShotA-Yz MM74HC123 

One-Shot B-Yz MM74HC123 

By adding more circuitry to the key, it is possible to achieve 
a 2-contact interface_ A circuit for this interface is shown in 
Figure 4_ 

Commands and data are transmitted to the key by superim­
posing a pulse-width-modulated code on the power supply 
contact The voltage swings between 8V and 16V at point 1. 
A regulated 5V is supplied to the circuits in the key by a 
local regulator. Resistors R1 and R2 form a divider to create 
a 3V reference for the operational amplifier. R3 and R4 are 
used as a divider that converts the 8V to 16V signal at point 
1 to a signal at point 2 that swings between 2V and 4V. The 
output of the operational amplifier now follows the signal at 
point 1 but swings from OV to 5V. This signal is used to 
trigger the one-shots as in the 3-contact circuit, and appears 

Vee 
01 

DO 
(j) 1-

CS 
SK 

R3 

® 

R4 

at the 01 pin as a pulse-width-modulated signal. Command 
and data signals may now be entered. Data is read from the 
key by monitoring the power supply current. When the DO 
pin is in TRI-STATE@ or outputs a one, transistor T2 is 
turned off. When DO outputs a zero, T2 is turned on and 
current flows through R5. The value of R5 may be chosen to 
create whatever current change is needed to detect the 
state of DO. The current should be tested when the voltage 
at point 1 is 16V. The resistor in this example will produce a 
10 mA change. 

Figure 5 shows a typical read sequence for the circuit 
shown in Figure 4. 

Conclusion 
This application note describes a number of circuits that are 
useful in security and data collection systems. These cir­
cuits should be considered only the beginning. It no longer 
makes sense to install DIP switches to select access codes 
in garage door openers, cordless and mobile phones, or any 
other microcontroller-based system. "Smart keys" can be 
used to gain access to databases and can be invalidated 
over normal communication lines if they are abused. It bog­
gles the mind to consider what can be done with so many 
unique codes. 
Note: The circuits in this application note feature the NMC9346. The 

NMC9306 is a pin-compatible part that stores 256 bits. The NMC9346 
was used because it has a self-timing write cycle and the NMC9306 
does not. Additional circuitry is not required to use the NMC9306. but 
an additional chip select signal must occur at the CS pin to terminate 
a write cycle. 

GNO'----~~--~------------------------~----~--_4--~--~ 
Rl = 20K 

R2 = 30K 

R3 = 15K 

R4 = 5K 

One-Shot A = Yz MM74HC123 

One-Shot 8 = Yz MM74HC123 

V-R = LM2930Z-5.0 

OA = LM358 

R5 = 16000 

FIGURE 4 
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16V 
V· AND DATA (!) 

8V 

4V 
~ 
2V 

READ REGISTER 6 ~AR~ L2"O 0 0 1 1 0, ,XXXXXXXXXXXXXXXX, 

OPCODE ADDRESS OUTPUT DATA 

5V p------------------------------------------------~SS~----------~L cs Q) I 
OV~ 

5V trl.nJL SK (!) 
OV 

5V 1nIln DATA <ID 
OV 

5V----------------------------U· DO (§) 
OV 

t.4AX 
I 

t.4IN 
R ... _l __ l--,r.~ 

DUt.4t.4Y BIT J DIS D14 D13 D2 Dl DO 

DATA OUT 

TLlD/B611-5 

FIGURE 5 
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An Easy/Low Cost Serial 
EEPROM Interface 

INTRODUCTION 
Designers have resisted using a low cost serial EEPROM 
because of the uncommon interface required. The added 
components and circuitry have caused many engineers to 
resort to a larger parallel EEPROM. even when only a few 
bytes of non-volatile memory were required. 

National Semiconductor has a design that is low in support 
components and takes advantage of a UART with a 1 x 
external clock. This circuit is useful for DIP switch replace­
ment as well as for a permanent record of the UART's com­
munications activity. It can also be used as a security lock. 
Ease of interface offers the engineer a low cost solution. 

THEORY OF OPERATION 
Ordinarily small EEPROMs have been used to replace the 
DIP switch commonly found in microprocessor circuits. Just 
as common in such designs are UARTs. and the given appli­
cation takes advantage of this for ease of interface. Be­
cause address decoding and microprocessor bus interfac­
ing have already been accomplished. the UART is an ideal 
support interface for a serial EEPROM. The only true re­
quirements for a serial EEPROM are the serial data path. 
clock timing. and chip select signal. All of these signals are 
derived from a UART in this application. 

The Data In for the EEPROM is the transmitted data of the 
UART. Data Out of the EEPROM is directed to the receive 
data line of the UART. The chip select required by the 
EEPROM is a modem control line whose level is used to 
select either the modem device or the EEPROM. Finally. the 
serial clock required by the EEPROM can be a 1 x clock 
provided by the UART. 

THE WRITE CYCLE 
When a write cycle is desired. the UART must be set up for 
an external 1 X clock. 8 data bits. 1 stop bit.' no parity and 
RTS must be programmed for a high output prior to data 

National Semiconductor Corp. 
Application Note 431 
Pat Webster 

transmissions. It is also necessary to insure that the trans­
mit buffer has been cOrTlpletely emptied of all prior bytes. 

Before data can be written. an erase cycle to the desired 
address must first take place. This can be accomplished by 
loading the UART transmit register with an AO. A 1. A2. A3. 
XX11 (e.g .• an 03H would result in location 0 being erased). 
After the transmit shift register has emptied. RTS should be 
returned to a low state and an erase/write programming 
time of 30 ms must elapse. 

To write data requires that an address·op byte and two data 
bytes be loaded in the transmit holding register as soon as 
the holding register becomes empty. Table I shows the rela­
tionship of bits as they travel from the micro to the UART 
and finally to the EEPROM. The MSB 4 bits of the last byte 
written will not be saved by the EEPROM due to the 16-bit 
storage ability of the part. As the UART inserts start and 
stop bits. a total of 4 bits is saved in the EEPROM that are 
not usable by the microprocessor but are required by the 
UART. 

THE READ CYCLE 
As was true for the write cycle. the UART must be set up for 
8 data bits. 1 stop bit. and an external 1 X clock. To start the 
read cycle. a byte with read op and address must be written 
to the UART. An example of read location 0 would be 01 H. 
After the transmit shift register has emptied. the receiver 
shift register will begin to accumulate the data that was writ­
ten and two reads will be required before the operation can 
be considered complete. 

CONCLUSION 
For a further understanding of this interface. refer to the 
NMC9306/9346 and the NSC858 data sheets. Parity could 
be added for data integrity with further sacrifice of usable 
data bits in the EEPROM and the possibility of the second 
byte read being in parity error. 

2-75 



~C/SK 

RTS/CS 

Txo/Di ---_ ....... 

~C/SK 

RTS/CS 

TXo/Di 

EEPRON 01 

EPROM DO 

EEPROM DATA 

---_ ....... 

NSC858 

o 

UART IEEPROM Interface 

TXDI---........ 

~C~----------~ 
~~--.----.~~~ 

. RXO ~----I--.., 

UART IEEPROM Timing 

Write Cycle 
(9306) 

EIA 

ID_XN_ IT ... TO NOOEtoI 

EIA 
~ 

NNC9306/9346 

TL/D/8642-1 

o o A3 'AO 'A15 014 013 006 DOS 004 003 002 ••• 
TLlD/8642-2 

Read Cycle 

TL/D/8642-3 
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> 
Table I Z . 

Micro Data UART XMIT Data EEPROM 0l:Io 
W 

Start-Bit 1 
..... 

00 0 

} 
0 

01 1 Command 
02 0 (Write) 0 

1st 03 0 0 
Byte 04 A3 A3 

05 A2 A2 
06 Al Al 
07 AO AO 

Stop-Bit 015 
Start-Bit 014 

00 ·EOO 013 
. 01 EOl 012 

02 E02 011 
2nd 03 E03 010 
Byte 04 E04 009 

05 E05 008 
06 E06 007 
07 E07 006 

Stop-Bit 005 
Start-Bit 004 

00 E08 003 
01 E09 002 
02 E010 001 
03 EOll 000 
04 N/A N/A 
05 N/A N/A 
06 N/A N/A 
07 N/A N/A 

Stop-Bit N/A 
·EDXX = Usable EEPROM Data 
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Using the NMC9306 for 
Configuration and 
Production Information in a 
TMP Based Terminal 
System 

ABSTRACT 

This application note gives a detailed description of the use 
of the NMC9306 E2PROM in a TMP based environment. 
The function of the E2PROM is to contain all the configura­
tion data for the terminal (Le., baud rate, auto dial numbers, 
function selects, etc.) and also production information (Le., 
serial number, date of manufacture, etc.) 

INTRODUCTION 

In a computer terminal environment, there are many user 
selectable options that need to be, strapped into the termi­
nal before it can be used. Some terminals have modems 
built into them that can automatically dial numbers for you. 
Some terminals can even emulate several different industry 

. standard terminals, all in one. This configuration information 
is usually programmed into the terminal by using DIP 
switches accessed through some access cover or by re­
moving a certain panel. A major drawback to this type of 
configuring is that the terminal must be opened by the user 
if they are to change the strapping. Another disadvantage is 
the terminal usually cannot be changed dynamically. Enter 
NON-VOLATILE RAM or battery-backed-up RAM. This cre­
ates another problem in that the system cost is increased, 
reliability suffers, and board space may not be available. 
Enter NMC9306 serial E2PROM in an 8-pin Mini-DIP. This 
device is not only non-volatile, but is small, inexpensive, and 
simple to use. 
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HARDWARE MAIN DESCRIPTION 

Since the NS455 Terminal Management Processor (TMP) 
does not have a MICROWIRETM interface, another method 
of interfacing must be devised. The TMP has provisions for 
an external output port attached to the ROM bus which can 
be used to simulate the MICROWIRE interface. This is done 
by using three free data bits of a 74LS273 as shown in 
Figure 1. These three bits will be the CHIP SELECT, 
CLOCK, and the DATA IN inputs to the NMC9306. The TMP 
also has an input port enable pin that can be used to read a 
set of buffers such as a 74LS244. A single pin can be used 
for the DATA OUT signal from theNMC9306 as shown in 
Figure 2. If no input port is required, the DATA OUT signal 
. can be driven directly onto the ROM expansion bus through 
a 4.7k resistor as shown in Figure 1. This is all the hardware 
that is required to interface the part. 

SOFTWARE MAIN DESCRIPTION 

This is where things get a bit tricky. Routines must be writ­
ten to communicate with the NMC9306. These routines 
must read, write;. erase, and enable erase/write in the 
NMC9306 by simulating the MICROWIRE interface. This is 
done by turning the output ports pins on and off with the 
correct timing to simulate the interface without interfering 
with the other pins. Also, the input data must be converted 
to usable form as well as converting the outgoing data to 
serial form. Simple. 

74lS374 
II 

elK 

18 19 
TO ROM A7 

17 
TO ROM A6 

14 
TO ROM AS 

13 
TO ROM A4 

TO ROM A3 

TO ROM A2 

TO ROM AI 

TO ROM AO 

74lS273 

18 
OUTPUT BIT 7 

17 
OUTPUT BIT 6 

14 
OUTPUT BIT 5 

13 
OUTPUT BIT 4 

8 
OUTPUT BIT 3 NMC9306 

I 

TLlD/8644-1 

FIGURE 1 
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To start, there are a few things to be mentioned. The TMP 
has a modified 8048 processor for its controller. This con­
troller has a 16-bit accumulator, addressed as two 8-bit reg­
isters, which are ACC and HACC. The high accumulator 
(HACC) is accessed through the low accumulator (ACC). 
This is important since the NMC9306 is arranged in 16 
words of 16 bits each. Also, to allow the port to be modified 
without changing any unwanted bits, a PORT MASK must 
be defined in the memory of the TMP. Any change to the 
port should be done by updating the mask, and then send­
ing the mask data to the port. This will also make testing the 
data on the port possible. The codes for communicating . 
with the NMC9306 can be obtained from the National Semi­
conductor 1984 MOS Memory Databook in Section 7. Also, 
all critical timing parameters are described therein. . 

In a typical TMP system, there are large amounts of configu­
ration data that must be set up before the terminal can com­
municate properly. If the system is really complex, it may 
need more yet. A typical configuration map is shown below. 
Along with the configuration data, production information 
should be included. This may be entered by some code at 
power-up that is not documented in the end user guide. This 
set-up screen may ask for the date of assembly, the assem­
bly location code, the serial number, the customer code, 
the options enabled (tricky sales pitch- "for only $50 more 
... "), the number of times the unit was returned to the 
factory for service, and any other data that must be tracked 
for production. If the NMC9306 does not have enough 
room, the NMC9346 is 4 times larger, and has the same 
hardware requirements. Only slight software changes are 
required. 

CONCLUSION 

It can be seen that the NMC9306 is simple, yet functional in 
replacing strapping switches and enhancing the product. 
The NMC9306INMC9346 components in this application, 
replace more costly and larger parts, and are easily integrat­
ed into a TMP or other terminal design. The end product will 
be more versatile through enhanced user interface and 
tracking of important production data. 
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0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B-F 

Typical Configuration Map 

Location 
Description 

(Hex) 

BitO Cursor Blink Enable 
Bit 1 Cursor Underline/Block 
Bit2 Cursor Inverts Video On 
Bit3 Screen Norm/Inverse Vid 
Bit4 Local Mode On/Off 
Bit5 Status Line Enable 
Bits 6-F (Spare) 

Bits 0-3 Baud Rate 
Bit4 1 or 2 Stop Bits 
Bit5 7 or 8 Data Bits 
Bit6 Parity On/Off 
Bit7 Odd or Even Parity 
Bits 8-F (Spare) 

Bits O-F (Spare) 

BitsO-F Month and Year of Assem. 

Bits 0-7 Day of Assembly 
Bits 8-F Assembly Location 

Bits 0-7 Inspector Code 
Bits8-F No. of Returns 

BitsO-F . Serial Number (MSW) 

Bits O-F Serial Number 

Bits O-F Serial Number (LSW) 

Bits 0-7 Failure Code 1 
Bits 8-F Failure Code 2 

BitsO-F CheckSum 

(Spare) 
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Common I/O Applications 
of NMC9306/COP494 and 
NMC9346/COP495 
Non-Volatile Serial 
Access Memories 

NMC9306/COP494 and NMC9346/COP495 are serial 
access non-volatile memories designed for a 4-wire 
(MICROWIRETM) interface; Chip Select (CS) input, clock 
(SK) input, serial data input (01), and serial data output (~O). 
Since DO is in TRI-STATE® while instructions, address and 
data are being shifted into the chip on the 01 signal line, 01 
and DO can be tied together as a common I/O to' further 
simplify the interface. However, the following potentially 
troublesome situations should be kept in mind and dealt 
with according to these recommendations: 

NMC9306/COP494 

While clocking in a READ instruction, approximately 500 ns 
(typical) after the least significant bit (AO) of the register 

SK 

National Semiconductor Corp. 
Application Note 481 

address is clocked into the chip by the rising edge of SK, 
DO comes out of TRI-ST ATE and goes low (logical '0') as a 
dummy bit to signal the start of the data output string (Figure 
1). In a common I/O application, if AO is a logical '1' and is 
still driving 01 when the dummy bit becomes valid, a low 
impedance path between the power supply and ground is 
created through the 01 driver and the on-chip DO buffer 
(Figure 2). If measures are taken to minimize the short cir­
cuit current, e.g., by inserting a current limiting resistor be­
tween the 01 driver and the chip (Figure 2), the part will 
continue to work normally since AO is clocked onto the chip 
before this potential disturb condition occurs. 

CS ./ 
~~l----------~~~l------~\~ ______ __ 

READ 

01 -----F1\ 0 $////I//II>'!DQ~ 
DURING THIS TIME CONFLICT BETWEEN 01 DEVICE AND ~ ~~ 

CHIP DO BUFFER CAN CAUSE A LOW IMPEDANCE PATH ~ 
DO BETWEEN SYSTEM VCC AND GROUND WHEN AO=LOGICAL 1 0 015 014 ~ 

TLlD/9213-1 

FIGURE 1. Read Instruction in Common I/O Configuration 
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cs 

Vee SK 

:i(\~~.~DI 
DI •• :. 

DRIVER R :~ 

• POSSIBLE LOCATIONS FOR 
CURRENT LIMITING RESISTOR. 

NMC9306/COP494 
OR 

NMC9346/COP495 

Vee 

DO 
BUFFER 

TL/D/9213-2 

FIGURE 2. Current Path during 01 Driver and 
DO Buffer Conflict during Read Instruction 

NMC9346/COP495 
The. NMC9346/COP495 has a self-timed programming cy­
cle which uses DO to indicate the ready/busy status of the 
chip. Therefore, in addition to the potential problem in the 
AEAD mode similar to NMC9306/COP494 described 
above, another pitfall may be encountered at the end of a 
programming cycle in common I/O applications. 

The self-timed programming cycle is initiated by the falling 
edge of CS after a programming instruction (EAASE, 

WAITE, EAAL, WAAL) is shifted in. If CS is brought high 
subsequently, after a minimum of 1 ,."s (tcs) , DO indicates 
the ready/busy status of the chip. DO = logical '0' indicates 

NMC9346 Timing Diagrams 

CS .J 

that programming is still in progress. DO = logical '1' sig­
nals the end of the programming cycle. This 'status check' 
function of DO is cancelled (Le., DO returns to TAl-STATE) 
when a logical '1' on 01 is clocked into the chip by SK with 
CS high. With separate input and output this is automatically 
accomplished by the start bit of the next instruction (Figure 
3). 

In a common I/O application, the following clocking se­
quence is recommended to avoid premature cancellation of 
the 'ready' status and/or interference of the 'ready' status 
with the serial input sequence for the next instruction (Fig­
ure 4): 

1) Inhibit the SK clock after clocking in the programming 
instruction. 

2) After acknowledging the 'ready' status, clock SK once 
while the common I/O is still high to cancel the ready/ 
busy status function of DO. 

3) Bring CS low for a minimum of 1 ,."s (tcs) to clear the 
instruction register before initiating the next instruction. 

DO is now reset back to TAl-STATE, and the chip is ready 
to accept the next instruction. 

The chip may enter the 'ready' status mode under certain 
conditions of Vee power-up. This occurs due to the Vee 
power-up conditions setting the status mode logic on the 
chip, and is not an indication of a spurious programming 
cycle on Vee power-up. The following clocking sequence is 
recommended to ensure cancellation of this status signal 
after Vee power-up (Figure 5): . 
1) Bring CS high. 

2) Clock SK once to ensure cancellation of the 'ready' 
status. 

3) Bring CS low for a minimum of 1 ,."S (tcs) to clear the 
instruction register before initiating the first instruction. 

DI ~?-~ __ +-__ ~~ ____________________ ~ 

BIT 

TRI-STATECID 
DO --~"""'---------\SJ "" ----""" 

'The Ready/Busy Status Indicator for a program Instruction 
(ERASE, WRITE, ERAL, WRAL) Is reset when the Start bit 
for the following Instruction Is clocked In. 

FIGURE 3. Programming Cycle with 4-Wlre Interface 
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NMC9346 Timing Diagrams (Continued) 

r--I NEXT INSTRUCTION 

TRI-STATE ~ 

f----' ST1RT ~\,. 
BIT 

• READY / BUSY STATUS INDICATOR 
IS RESET BY THIS SK CLOCK EDGE 

FIGURE 4. Recommended Programming Cycle In Common I/O Configuration 

CS ____ 
J

/ \.., r--I 1 ST INSTRUCTION 

SK n ..... ---\s~ 
01 TRI-STATE@ r.v--v-
DO READY 1------\ f----' 1 ~\,. 

READY CANCELLED ON THIS SK EDGE 
TLl0/9213-5 

FIGURE 5. Recommended Clocking Sequence on Vee Power-Up In Common I/O Configuration 

2-83 

TL/0/9213-4 



~ r-----------------------------------------~------------------------------------------~ 
co 
-.::t' . 
Z 
c:( 

Error Detection and 
Correction Techniques for 
National Semiconductor's 
EEPROM Products 

This application note provides the non-volatile memory sys­
tem designer who cannot tolerate the very low failure rate 
associated with National Semiconductor's E2PROMs, with a 
method to assure data integrity and extend the life span of 
the product. 

With a minimum additional parts cost, the following error 
detection and correction techniques allow the designer to 
extend the usable life of an EEPROM device. The technique 
is applicable for applications requiring 100,000 or more 
erase/write cycles per register. 

All EEPROMs fail with extended erase/write cycling. Nation­
al Semiconductor EEPROMs fail in a statistically predictable 
and well behaved fashion as the number of erase/write cy­
cles increase. The failure of one bit cell does not influence 
the operation of adjacent bit cells. Since bit failure is a grad­
ual wearout phenomenon which only affects discrete cell 
locations one at a time, it is possible to apply simple encod­
ing techniques which can determine the locations of cell 
failures so that faltering memory addresses can be avoided 
in the future. 

Single parity checking is the simplest way to check for er­
rors in a binary code. In a parity checking system an extra­
parity-bit is chosen so that the number of 1 s in the block of 
data, including the parity bit, is even. In practice this is ac­
complished using modulo 2 addition (Le., a + a = 0; a + 
1 = 1; 1 + a = 1; 1 + 1 = 0; a + a + 1 = 1; etc.). 
Modulo 2 addition is quickly accomplished through an exclu­
sive OR gate. When the data is read back, the number of 
ones are counted and the sum is checked to see if it is odd 
or even. An odd sum is an indication that an error occurred 
in the data. This method of single parity checking can detect 
the occurrence of an error in a block but it cannot be used 
to determine the exact location of the error to correct the 
bad data. 

A natural extension of single parity checking is the Hamming 
code. A Hamming code uses several parity checks, instead 
of just one. This allows errors to be corrected as well as 
detected. Using bits in blocks of 7, where 4 of the bits are 

~ 

TL/D/9214-1 

FIGURE 1. Computation Scheme for Parity Bits 
Using Hamming Code 

National Semiconductor Corp. 
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information and 3 are parity. allows for error detection and 
correction of any single bit within the block, including the 
parity bits themselves. 

The initial parity is calculated as shown in Figure 1. The 
parity bits are in columns 4, 5 and 6, while the actual infor­
mation bits are in columns 0, 1, 2, and 3. The contents of 
each parity bit comes from summing the contents of a 
unique combination of three of the four information bits. The 
parity bit is chosen so that this sum will be an even number 
when added to the parity bit itself. Notice that each one of 
the parity bits calculates its contents by using different com­
binations of the data bits. Every data bit in the block has its 
information read at least twice. Using this overlapping 
scheme is what allows the code to correct errors. 

Since there are only 4 bits of information there can be only 
24 = 16 possible combinations of 1 s and as. These 16 
possible correct combinations are listed on the code word 
table in Table I. When the encoded block is read back from 
memory, the same parity coding scheme is used again on 
the information bits and compared to the original parity bits. 
This forms what is called a syndrome. If any errors have 
occurred in the 7 -bit block their locations can be determined 
and the errors corrected. Table II shows the decoding ma­
trix which is used on the syndromes to determine the loca­
tion of an error. If no errors occurred the syndrome will be 
000. Table III shows all the combinations of the 7-bit block. 
Note that there are only 128 possible variations of 1 s and as 
in the block: (7 mistake combinations per block + 1 correct 
combination per block) x (16 possible block combinations). 
All these combinations can be stored in a table and called 
up quickly to check for possible data errors without the need 
to even create a syndrome upon reading a word. For exam­
ple, suppose we want to store the data 1000. From Table I 
we see that the 7 -bit block would be 1111000 after the 
Hamming code had been applied. If information bit 3 for 
example goes bad, then the new block would read 1110000. 
This is case number 112 in Table III, and we see that the 
correct information is 1000. With Table III available in the 
computer memory, the received codeword can be corrected 
automatically. An array of 128 bytes can provide both the 
corrected information and the syndrome information. 

The 7 -bit codeword works nicely with National Semiconduc­
tor's serial EEPROMs because they are organized as arrays 
of 16-bit registers. Each 16 bit register is modified or ac­
cessed with a simple-serial protocol. The 16-bit unit can be 
partitioned two eight-bit bytes. Each byte can contain a sev­
en-bit codeword and one-bit flag that indicates whether an 
error has been previously detected in the byte. This scheme 
provides one byte of error corrected information per 16-bit 
register. Slightly more elaborate systems can be used which 
will detect and correct more errors if additional parity bits 
are added to the data. 
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TABLE I. Encoding Table for Hamming Code TABLE II. Syndrome Decoding Table for Hamming Code 

Sixteen Code Words Syndrome Meaning 

Parity Information 0 0 0 No error detected 
Bits Bits 0 0 1 Check bit 0 in error 

P P P I I I I 0 1 0 Check bit 1 in error 

2 1 0 3 2 1 0 0 1 1 Information bit 2 corrected 
1 0 0 Check bit 2 in error 

0 0 0 0 0 0 0 0 1 0 1 Information bit 1 corrected 
1 1 1 0 0 0 0 1 1 1 0 Information bit 0 corrected 
2 1 0 1 0 0 1 0 1 1 1 Information bit 3 corrected 
3 0 1 1 0 0 1 1 
4 0 1 1 0 1 0 0 With this added data protection the reliability of EEPROMs 
5 1 0 1 0 1 0 1 can be extended because the probability of two or more 
6 1 1 0 0 1 1 0 cells failing on the same codeword is low. To illustrate the 
7 0 0 0 0 1 1 1 Hamming code, an experiment on 16 devices with 1 k bits 
8 1 1 1 1 0 0 0 each was conducted. The experiment results are shown in 

9 0 0 1 1 0 0 1 Table IV. While the first bit failure was detected somewhere 

10 0 1 0 1 0 1 0 between 12,589 and 15,849 cycles, the Hamming code just 

11 1 0 0 1 0 1 1 described would have protected against the loss of data 

12 1 0 0 1 1 0 0 
until somewhere between 79,433 and 100,000 erase/write 
cycles. Notice that 55 bit failures were indicated when the 

13 0 1 0 1 1 0 1 first Hamming code failure was detected. This is to be ex-
14 0 0 1 1 1 1 0 pected because a Hamming failure will not occur until two or 
15 1 1 1 1 1 1 1 more bits within a particular group of seven bits have failed. 

TABLE III. Information Retrieval Table for All Possible Combinations of Slngle-Blt-Correct Hamming Code 

Received Syndrome Corrected 
Codeword Bits Information 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 
2 0 0 0 0 0 1 0 1 0 1 0 0 0 0 
3 0 0 0 0 0 1 1 0 1 1 0 1 1 1 
4 0 0 0 0 1 0 0 0 1 1 0 0 0 0 
5 0 0 0 0 1 0 1 1 0 1 0 1 1 1 
6 0 0 0 0 1 1 0 1 1 0 0 1 1 1 
7 0 0 0 0 1 1 1 0 0 0 0 1 1 1 
8 0 0 0 1 0 0 0 1 1 1 0 0 0 0 
9 0 0 0 1 0 0 1 0 0 1 1 0 0 1 

10 0 0 0 1 0 1 0 0 1 0 1 0 1 0 
11 0 0 0 1 0 1 1 1 0 0 1 0 1 1 
12 0 0 0 1 1 0 0 1 0 0 1 1 0 0 
13 0 0 0 1 1 0 1 0 1 0 1 1 0 1 
14 0 0 0 1 1 1 0 0 0 1 1 1 1 0 
15 0 0 0 1 1 1 1 1 1 1 0 1 1 1 
16 0 0 1 0 0 0 0 0 0 1 0 0 0 0 
17 0 0 1 0 0 0 1 1 1 1 1 0 0 1 
18 0 0 1 0 0 1 0 1 0 0 0 0 1 0 
19 0 0 1 0 0 1 1 0 1 0 0 0 1 1 
20 0 0 1 0 1 0 0 0 1 0 0 1 0 0 
21 0 0 1 0 1 0 1 1 0 0 0 1 0 1 
22 0 0 1 0 1 1 0 1 1 1 1 1 1 0 
23 0 0 1 0 1 1 1 0 0 1 0 1 1 1 
24 0 0 1 1 0 0 0 1 1 0 1 0 0 1 
25 0 0 1 1 0 0 1 0 0 0 1 0 0 1 
26 0 0 1 1 0 1 0 0 1 1 1 1 1 0 
27 0 0 1 1 0 1 1 1 0 1 1 0 0 1 
28 0 0 1 1 1 0 0 1 0 1 1 1 1 0 
29 0 0 1 1 1 0 1 0 1 1 1 0 0 1 
30 0 0 1 1 1 1 0 0 0 0 1 1 1 0 
31 0 0 1 1 1 1 1 1 1 0 1 1 1 0 
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TABLE III. Information Retrieval Table for All Possible Combinations of Slngle-Blt-Correct Hamming Code (Continued) 

Received Syndrome Corrected 
Codeword Bits Information 

32 0 1 0 0 0 0 0 0 1 0 0 0 0 0 
33 0 1 0 0 0 0 1 1 0 0 0 0 0 1 
34 0 1 0 0 0 1 0 1 1 1 1 0 1 0 
35 0 1 0 0 0 1 1 0 0 1 0 0 1 1 
36 0 1 0 0 1 0 0 0 0 1 0 1 0 0 
37 0 1 0 0 1 0 1 1 1 1 1 1 0 1 
38 0 1 0 0 1 1 0 1 0 0 0 1 1 0 
39 0 1 0 0 1 1 1 0 1 0 0 1 1 1 
40 0 1 0 1 0 0 0 1 0 1 1 0 1 0 
41 0 1 0 1 0 0 1 0 1 1 1 1 0 1 
42 0 1 0 1 0 1 0 0 0 0 1 0 1 0 
43 0 1 0 1 0 1 1 1 1 0 1 0 1 0 
44 0 1 0 1 1 0 0 1 1 0 1 1 0 1 
45 0 1 0 1 1 0 1 0 0 0 1 1 0 1 
46 0 1 0 1 1 1 0 0 1 1 1 0 1 0 
47 0 1 0 1 1 1 1 1 0 1 1 1 0 1 
48 0 1 1 0 0 0 0 0 1 1 0 1 0 0 
49 0 1 1 0 0 0 1 1 0 1 0 0 1 1 
50 0 1 1 0 0 1 0 1 1 0 0 0 1 1 
51 0 1 1 0 0 1 1 0 0 0 0 0 1 1 
52 0 1 1 0 1 0 0 0 0 0 0 1 0 0 
53 0 1 1 0 1 0 1 1 1 0 0 1 0 0 
54 0 1 1 0 1 1 0 1 0 1 0 1 0 0 
55 0 1 1 0 1 1 1 0 1 1 0 0 1 1 
56 0 1 1 1 0 0 0 1 0 0 1 0 0 0 
57 0 1 1 1 0 0 1 0 1 0 1 0 0 1 
58 0 1 1 1 0 1 0 0 0 1 1 0 1 0 
59 0 1 1 1 0 1 1 1 1 1 0 0 1 1 
60 0 1 1 1 1 0 0 1 1 1 0 1 0 0 
61 0 1 1 1 1 0 1 0 0 1 1 1 0 1 
62 0 1 1 1 1 1 0 0 1 0 1 1 1 0 
63 0 1 1 1 1 1 1 1 0 0 1 1 1 1 
64 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
65 1 0 0 0 0 0 1 0 1 0 0 0 0 1 
66 1 0 0 0 0 1 0 0 0 1 0 0 1 0 
67 1 0 0 0 0 1 1 1 1 1 1 0 1 1 
68 1 0 0 0 1 0 0 1 1 1 1 1 0 0 
69 1 0 0 0 1 0 1 0 0 1 0 1 0 1 
70 1 0 0 0 1 1 0 0 1 0 0 1 1 0 
71 1 0 0 0 1 1 1 1 0 0 0 1 1 1 
72 1 0 0 1 0 0 0 0 1 1 1 1 0 0 
73 1 0 0 1 0 0 1 1 0 1 1 0 1 1 
74 1 0 0 1 0 1 0 1 1 0 1 0 1 1 
75 1 0 0 1 0 1 1 0 0 0 1 0 1 1 
76 1 0 0 1 1 0 0 0 0 0 1 1 0 0 
77 1 0 0 1 1 0 1 1 1 0 1 1 0 0 
78 1 0 0 1 1 1 0 1 0 1 1 1 0 0 
79 1 0 0 1 1 1 1 0 1 1 1 0 1 1 
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TABLE III. Information Retrieval Table for All Possible Combinations of Slngle-Blt-Correct Hamming Code (Continued) 

Received Syndrome Corrected 
Codeword Bits Information 

80 1 0 1 0 0 0 0 1 0 1 0 0 1 0 
81 1 0 1 0 0 0 1 0 1 1 0 1 0 1 
82 1 0 1 0 0 1 0 0 0 0 0 0 1 0 
83 1 0 1 0 0 1 1 1 1 0 0 0 1 0 
84 1 0 1 0 1 0 0 1 1 0 0 1 0 1 
85 1 0 1 0 1 0 1 0 0 0 0 1 0 1 
86 1 0 1 0 1 1 0 0 1 1 0 0 1 0 
87 1 0 1 0 1 1 1 1 0 1 0 1 0 1 
88 1 0 1 1 0 0 0 0 1 0 1 0 0 0 
89 1 0 1 1 0 0 1 1 0 0 1 0 0 1 
90 1 0 1 1 0 1 0 1 1 1 0 0 1 0 
91 1 0 1 1 0 1 1 0 0 1 1 0 1 1 
92 1 0 1 1 1 0 0 0 0 1 1 1 0 0 
93 1 0 1 1 1 0 1 1 1 1 0 1 0 1 
94 1 0 1 1 1 1 0 1 0 0 1 1 1 0 
95 1 0 1 1 1 1 1 0 1 0 1 1 1 1 
96 1 1 0 0 0 0 0 1 1 0 0 0 0 1 
97 1 1 0 0 0 0 1 0 0 0 0 0 0 1 
98 1 1 0 0 0 1 0 0 1 1 0 1 1 0 
99 1 1 0 0 0 1 1 1 0 1 0 0 0 1 

100 1 1 0 0 1 0 0 1 0 1 0 1 1 0 
101 1 1 0 0 1 0 1 0 1 1 0 0 0 1 
102 1 1 0 0 1 1 0 0 0 0 0 1 1 0 
103 1 1 0 0 1 1 1 1 1 0 0 1 1 0 
104 1 1 0 1 0 0 0 0 0 1 1 0 0 0 
105 1 1 0 1 0 0 1 1 1 1 0 0 0 1 
106 1 1 0 1 0 1 0 1 0 0 1 0 1 0 
107 1 1 0 1 0 1 1 0 1 0 1 0 1 1 
108 1 1 0 1 1 0 0 0 1 0 1 1 0 0 
109 1 1 0 1 1 0 1 1 0 0 1 1 0 1 
110 1 1 0 1 1 1 0 1 1 1 0 1 1 0 
111 1 1 0 1 1 1 1 0 0 1 1 1 1 1 
112 1 1 1 0 0 0 0 1 1 1 1 0 0 0 
113 1 1 1 0 0 0 1 0 0 1 0 0 0 1 
114 1 1 1 0 0 1 0 0 1 0 0 0 1 0 
115 1 1 1 0 0 1 1 1 0 0 0 0 1 1 
116 1 1 1 0 1 0 0 1 0 0 0 1 0 0 
117 1 1 1 0 1 0 1 0 1 0 0 1 0 1 
118 1 1 1 0 1 1 0 0 0 1 0 1 1 0 
119 1 1 1 0 1 1 1 1 1 1 1 1 1 1 
120 1 1 1 1 0 0 0 0 0 0 1 0 0 0 
121 1 1 1 1 0 0 1 1 1 0 1 0 0 0 
122 1 1 1 1 0 1 0 1 0 1 1 0 0 0 
123 1 1 1 1 0 1 1 0 1 1 1 1 1 1 
124 1 1 1 1 1 0 0 0 1 1 1 0 0 0 
125 1 1 1 1 1 0 1 1 0 1 1 1 1 1 
126 1 1 1 1 1 1 0 1 1 0 1 1 1 1 
127 1 1 1 1 1 1 1 0 0 0 1 1 1 1 
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TABLE IV. Hamming Code Experimental Demonstration on 16 Devices of 1k Bits Each 

Erase/Write Total Bit Total Codeword Percent Bit Percent Codeword 
Cycles Failures Failures Failures Failures 

1000 0 0 0.00% 0.00% 
1259 0 0 0.00% 0.00% 
1585 0 0 0.00% 0.00% 
1995 0 0 0.00% 0.00% 
2512 0 0 0.00% 0.00% 
3162 0 0 0.00% 0.00% 
3981 0 0 0.00% 0.00% 
5012 0 0 0.00% 0.00% 
6310 0 0 0.00% 0.00% 
7943 0 0 0.00% 0.00% 

10000 0 0 0.00% 0.00% 
12589 1 0 0.01% 0.00% 
15849 1 0 0.01% 0.00% 
19953 1 0 0.01% 0.00% 
25119 1 0 0.01% 0.00% 
31623 3 0 0.02% 0.00% 
39811 4 0 0.02% 0.00% 
50119 10 0 0.06% 0.00% 
63096 16 0 0.10% 0.00% 
79433 55 1 0.34% 0.05% 

100000 103 3 0.63% 0.15% 
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The Reliability of National Semiconductor's 
EEPROM ProClucts 

This applications note provides the non-volatile memory 
system designer with the necessary information to design 
reliable non-volatile memory subsystems. The first section is 
an introduction to EEPROM technology. Next, is a des­
cription of the intrinsic failure mechanisms common to all 
EEPROM devices. The third section is a description of the 
reliability aspects of National Semiconductor's manufactur­
ing process. 

INTRODUCTION TO EEPROM TECHNOLOGY 

EEPROM Background 

The Electrically Erasable Programmable Read Only Memory 
(EEPROM) is a non-volatile, fully static data storage device 
which is also electrically erasable. It can be erased and writ­
ten rapidly without removing the chip from the end applica­
tion system or using a PROM programmer. The technology 
allows for both byte- and chip-clear operations. These ad­
vantages are in contrast to UVPROMs which require remov­
al from the system and total erasure of all the bits on the 
chip. 

Technology Description 

National Semiconductor's NMOS EEPROM devices utilize a 
2.5 micron process. This technology was developed from 
the basic NMOS double poly process, which National Semi­
conductor's Memory Division has been using for about 10 
years. 

The new family of CMOS devices is based on National's 2 
micron M2CMOS process, which is the process National 
Semiconductor uses most widely for such diverse products 
as: Gate Arrays, Telecom, Microprocessing and many oth­
ers. It is presently fabricated in one of the most modern, 
state-of-the-art, 6 inch wafer fab facilities in the world. 

Device Description 

National Semiconductor EEPROM devices utilize a double 
poly silicon gate process. Figure 1 depicts the basic memo­
ry element in cross section. It is comprised of an N-channel 
transistor with an additional floating polysilicon gate sand­
wiched between the control gate and the transistor channel 
region. The gate structures are separated from each other 
and from the transistor channel and drain regions by silicon 
dioxide (Si02). A tunnel oxide which is less than 120 Ang-

Vo 

FIGURE 1. Cross Section of MOS 
Floating Gate EEPROM 

TL/X/0006-1 
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stroms thick is used in the region between the floating poly­
silicon gate and the N + drain region. National's E2 Cell al­
lows individual bit erasing and writing. 

EEPROM technology relies upon stored charge on the float­
ing gate to retain information. Floating and control gate volt­
ages are referenced to the source which is grounded. A 
mode of the equivalent capacitances and voltages for an 
EEPROM is shown in Figure 2. VGS is the voltage on the 
floating gate, and delta Q is the charge stored on the float­
ing gate. The charge remains on the floating gate even 
when power is not applied because the surrounding silicon 
dioxide serves as an excellent insulating material. Electrons 
are transferred to and from the floating gate and the under­
lying MOS device through a process known as Fowler­
Nordheim tunneling. 

v!S 
I--r-, ~'--+-

SOURCE AT GND 

VGS = VCS CGG + Vos CGO + VBS CGB + ~Q 
CGS + CGB + CGO + CoG 

TLIX/0006-2 

FIGURE 2. Equivalent Capacitances and Voltages 

Tunneling Physics 

The non-volatile memory storage in EEPROMs takes ad­
vantage of a quantum mechanical phenomenon known as 
Fowler-Nordheim tunneling. This tunneling process is a 
function of the energy levels of the materials involved. A 
schematic of the energy configuration for an EEPROM is 
illustrated in Figure 3. The energy difference between the 
valence and conduction bands in silicon dioxide (Si02) is 
about 9.05 eV. The energy difference between the same 
two bands for silicon (Si) is approximately 1.1 eV. When the 
Si02 and the Si are joined together the conduction band of 
the Si02 is 3.25 eV above the conduction band of the Si, 
while the valence band of the Si02 lies about 4.7 eV below 
the valence band of the Si. Since the thermal energy of an 
electron at room temperature (23°C) is only 0.025 eV the 
likelihood of an electron jumping from the valence band of 
the Si02 to the conduction band of the Si02 is very slight. 

T 
CONDUCTION BAND SI ;tV 

_V_A_LE_N_CE_BA_N_D _SI_~ 
4.7eV 

CONDUCTION BAND SI02 

-.l VALENCE BAND Si02 

1 
T 

TL/X/0006-3 

FIGURE 3. Energy Band Diagram of the SI 
and SI02 System In Its Neutral State 
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Fowler-Nordheim tunneling predicts that these energy 
bands can be distorted in the presence of an electric field. 
This process is depicted in Figure 4. In EEPROMs, tunneling 
of electrons occurs between the drain and floating gate 
through the Si02 tunneling region. The direction of Fowler­
Nordheim tunneling of electrons through the tunneling re­
gion depends on the polarity of the voltages between the 
control gate and the drain. Tunneling physics predicts that 
when the electric fields across a thin insulator, such as 
Si02, are high enough, electrons from the negative elec­
trode can acquire enough energy to pass or tunnel through 
the forbidden gap and enter the conduction band. The re­
sulting current flux (J) is approximately proportional to an 
exponential function of the applied voltage (V) as illustrated 
in Figure 5. In order to obtain fields strengths large enough 
to initiate tunneling CY > 7 X 106 eV/cm), at reasonable 
voltages (20V), the Si021ayer must be limited to a thickness 
less than 120 Angstroms. 

(-)---ft-...... 

POLYSILCON 
GATE 

(+) 

SILICON 
SUBSTRATE 
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FIGURE 4. Distortion of Energy Bands In the 
Presence of a Strong Electric Field 
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FIGURE 5. Fowler-Nordheim 
Tunneling I-V Characteristic 

Device Operation 

TLIX/0006-5 

To write the cell to logic "0" the control gate is set to ground 
potential, and a high voltage (19V) is applied to the drain, 
while the source is left floating. The write operation is shown 
in Figure 6. This causes electrons on the floating gate to 
tunnel through the Si02 into the drain. In this configuration 
the transistor will allow current to flow. The electric field 
strength is highest in the region between the floating gate 
and the drain. Hence tunneling occurs in this thin Si02 re-
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gion. The electric field intensity across the tunneling Si02 
region is determined by the capacitive coupling ratio of the 
cell. 

+21 V 
SELECT 

LINE 

OV 
WORD 

LINE 

SnECTtD 
COLUMN 
+19V 

SELECTtO ELECTRON 
BIT FLOW 

TL/X/OOO6-6 

E2PROM Transistor Write 

N+ 

OV 
CONTROL GATE 

(WORO LINE) 

FIGURE 6. Write Operation 
TL/X/OO06-7 

During the erase operation the drain is set to ground poten­
tial while the control gate is pulled up to 21V, as shown in 
Figure 7. This charging of the control gate causes the float­
ing gate to become capacitively coupled with a positive bias 
and electrons then tunnel from the drain into the floating 
gate. The transfer of electrons shifts the cell threshold posi­
tive forcing the transistor to pinch-off current flow, which is 
then interpreted as a logic "1" state at its output. 

+21 V 
snECT 

LINE 

+21 V 
WORD 

LINE 

SELECTtD 
COLUMN 

OV 

SELECTtD ELECTRON 
BIT FLOW 

E2PROM Transistor 

(Vpp) 
21 V 

CONTROL GATE 
(WORD LINE) 

N+ 

TLIX/0006-8 
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FIGURE 7. Erase Operation 
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FIGURE 8. Read Operation 
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The read operation is illustrated in Figure 8. To read the bit, 
3.5V is applied to the gate of the transistor (word line). The 
charge stored on the floating gate influences the transistor 
characteristics. When the floating gate has a net negative 
charge, the transistor will not conduct current, and while 
positively charged it will pass current. Distinguishing be­
tween current flow and non-current flow allows logical 
states to be represented by the transistor. Figure 9 illus­
trates the situation. When written to, the threshold voltage 
of the transistor (Vth) is equal to -2V and the transistor is 
turned on. This is subsequently read as a logical 0 on the 
memory pins. While the bit is erased the threshold voltage 
will be 6V, the transistor remains off, and the logic is inter­
preted at the output as a logical 1. This difference between 
high and low voltage states is known as the cell margin, 
logic margin, or device window. 

Gate Voltage (VGS) 
(Word Line Voltage) 

WRITTEN 
YTW "" -2Y 

CLEARED 
Yrc ""-6Y 

-4 -2 8 10 

TLIX/0006-12 

FIGURE 9. I·V Characteristics of Floating Gate EEPROM 

INTRINSIC FAILURE MECHANISMS 

EEPROMs and light emitting diodes differ from many other 
semiconductor devices in that they wear out with use. How· 
ever, with a basic understanding of the intrinsic wear out 
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and failure mechanisms associated with EEPROMs, the de­
signer can construct systems which successfully account 
for these limitations. The three primary failure mechanisms 
which affect all EEPROMs are charge trapping and tunnel 
oxide breakdown which are endurance related, and charge 
leakage which is data retention related. 

Endurance 

An EEPROM's endurance-that is, the number of write and 
erase operations through which each bit can be cycled reli­
ably-is based largely on the degradation of cell margin. 
The amount of charge that can be stored and removed from 
an EEPROM cell decreases as the cumulative number of 
programming cycles rises. 

Charge trapping is an intrinsic failure mechanism associated 
with EEPROMs which tends to narrow the difference be­
tween negatively and positively charged threshold voltages 
(device window) as a function of erase/write cycles. Eventu­
ally; after several million cycles, the window is collapsed 
compl~tely. Figure 10 illustrates the situation. This charge 
trapping is cumulative, and increases proportionally with the 
magnitude and duration of the programming current. 

-1 

-2 

-3 

~~------------
-5 

101 102 103 104 105 106 107 1~ 

ENDURANCE (WRITE / ERASE CYCLES) 

TLIX/0006-13 

FIGURE 10, Logic Margin vs Endurance for 
Floating Gate EEPROM 

Tunnel oxide breakdown is the primary intrinsic failure 
mechanism limiting the endurance· of EEPROMs. Tiny de­
fects in the tunneling oxide, caused by imperfections in the 
manufacturing process, can distort the electric field and 
cause large localized gradients. Excessive amounts of cur­
rent flow through the regions where the electric field is tight­
ly concentrated leading to high localized mechanical stress­
es. As write cycles continue, the probability that some im­
perfection in the oxide will break down increases. Given 
enough time, the cell will fail to operate correctly because 
the silicon dioxide which insulates the floating memory cell 
from the underlying voltage drain will become shorted. The 
rate of failures due to tunnel oxide breakdown can be re­
duced by minimizing particulate contaminants, decreasing 
the cross sectional area as much as is photo-lithographical­
ly possible, and controlling the ramp rate of the program­
ming voltage so as to decrease the peak electric field which 
is created across the tunneling oxide. 
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Data Retention 

Data retention in an EEPROM specification refers to the 
device's ability to retain a charge on its floating gate with or 
without an applied bias to the control gate, over extended 
periods of time. A floating gate on an EEPROM cell requires 
between one to five million electrons as stored charge. In 
order to store this amount of charge a current of approxi­
mately 1O- 10A is required for a period of 10 ms. To insure 
that a wide enough logic margin exists on the cell, the de­
signed floating gate leakage is limited to 10% of the initial 
charge (1.0- 10A) over a period of 10 years. This means 
that for continuous reading or storage operations over this 
period, the leakage must be kept below 10-21 A per cycle. 
Figure 11 shows a typical plot of logic margin vs. time for 
EEPROMs. 

10-3 10-2 10-1 10° 10
' 

102 103 10· 105 106 

DATA RETENTION (YR) 

TL/X/0006-14 

FIGURE 11. Logic Margin vs Data Retention 
of MOS Floating Gate EEPROM 

Fowler-Nordheim tunneling, the process responsible for 
charging the floating cell, is also the means by which charge 
is leaked from the storage cell. This failure mechanism falls 
into a very broad class of failures which are proportional to 
exp( - Ea/kn where Ea is the activation energy of the pro­
cess, k is Boltzmann's constant, and T is the absolute tem­
perature. This is very useful because if the activation energy 
is known for a given process, then tests can be conducted 
at elevated temperatures, reducing testing time, and the 
data can be extrapolated to lower operating temperatures 
using the relationship above. 

Combined Effects 

The total failure rate of an EEPROM is the sum of the com­
bined rates from all the failure mechanisms involved. Figure 
12 shows the observed failure rate vs. erase/writecycling 
for EEPROMs. The distribution is a bathtub-shaped curve. 
The infant mortality region is characterized by ari initially 
high, but rapidly decreasing failure rate. This period is domi­
nated by failures which arise from manufacturing defects. 
Burn in reliability measures taken during National Semicon­
ductor's manufacturing process are designed to eliminate 
these devices before they can be shipped to customers.· 
The middle region is dominated by random failures and the 
rate is approximately level until the wearout region is 
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reached. The wearout region is characterized by an increas­
ing failure rate as the device reaches the end of its useful 
life. 

RANDOM 
FAILURES 

ERASE - WRITE CYCLING 

TL/X/0006-15 

FIGURE 12. Typical Failure Curve for 
MOS Floating Gate EEPROM 

Comparison to Other Technologies 

CMOS static RAM devices with battery backup are often 
used for non-volatile memory storage. While the CMOS de­
vice does not exhibit the wearout mechanisms associated 
with EEPROM technology, the batteries associated with 
them do. Nickel Cadmium batteries have a wearout mecha­
nism. Typically, they are good for only a couple of years 
before they must be replaced. Lithium batteries wear out 
with use and they display another liability in the fact that 
when shorted they can become very hot. Cost is another 
consideration when comparing battery backed up memory 
vs. EEPROM technology for small sized memory applica­
tions. Batteries and their associated mounting hardware can 
be quite expensive. 

MNOS 

A CONTROL GATE 

B SI3N4 (FLOATING GATE) 

C:===:::::JI C C S13N4/S102 INTERFACE STATES 

_______ D SUB 30 A SI0
2 

TL/X/0006-16 

FIGURE 13. Cross Section of Nitride EEPROM 

Some semiconductor manufacturers use nitrides in the pro­
duction of their EEPROMs, resulting in two similar classes 
of memories known as SNOS and MNOS devices. A cross 
section of one of these nitride EEPROMs is illustrated in 
Figure 13. Its operation is similar to an MOS EEPROM. The 
nitride layer is analogous to the floating gate on the MOS 
devices. One of the problems encountered with the nitride 
technology is its temperature dependence on the current! 
voltage curve. This effect is shown in Figure 14. As the tem­
perature increases the curve shifts up and to the left. The 
higher temperature causes a large increase in current for 
the same read voltage. This leads to poor data retention 
because Fowler-Nordheim tunneling is enhanced at these 
higher current levels and thus large amounts of charge can 
leak with each read cycle. Transistor voltages on nitride 
structures are also adversely affected by even small voltage 
stresses. The final problem associated with this technology 
is that the oxide-nitride interface is degraded by silicon'gate 
processing. 
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FIGURE 14. Current Increase from Increased 
Temperature Leading to Loss of 

Data Retention for Nitride EEPROM 
On the other hand, MOS EEPROMs which use a polysilicon 
floating gate structure, tend to have better endurance char­
acteristics and superior data retention under voltage and/or 
temperature stress. Polysilicon floating gate devices also 
have a longer history in processing, which accounts for their 
reproducibility and slow wear out as compared to nitride 
systems. 

RELIABILITY ASPECTS OF EEPROMs IN 
MANUFACTURING 
All of the inherent failure mechanisms associated with 
EEPROM technology can be reduced by applying quality 
control techniques during the manufacturing process. Quali­
ty control measures the component's conformance to spec­
ification. Careful monitoring of both the process and the in­
dividual devices assures the customer of the highest possi­
ble reliability. 

Quality Control 
The introduction of any new part into the National Semicon­
ductor product line requires first that the product must pass 
strict design and manufacturing requirements. A table of the 
reliability qualification procedure which National Semicon­
ductor follows for the introduction of a new EEPROM prod­
uct appears in Table I. 

TABLE I. Reliability Qualification Procedure for 
All National Semiconductor EEPROM Products 

Test Sample 
Allowed 

Fall. 

J Pkg. Operating Life 3 x 105 2/Lot 
125°C 5% LTPD 

1000 Hrs. (0.78AQL) 

Dynamic B-1 at 5.5. All inputs exercised. 
(Read, Disable, Read, Disable ... ) 
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TABLE I. Reliability Qualification Procedure for All 
National Semiconductor EEPROM Products (Continued) 

Test Sample 
Allowed 

Fall. 

N Pkg. 1) 
Operating Life 3 x 105 2/Lot 

125°C 5% LTPD 
1008 Hrs. (1.3 AQL) 

2) 

85/85 
3 x 105 2/Lot 

1008 Hrs. 
5% LTPD 
(1.3 AQL) 

3) 
Autoclave 3x 105 2/Lot 
168 Hrs. 5% LTPD 
(No Bias) (1.3 AQL) 

4) 

Bias Pressure 3 x 105 
2/Lot 

Cooker 
5% LTPD 

96 Hrs. 
(1.3 AQL) 

(Static B-1) 

y INCOMING MATERIAL 

9· FABRICATION STATISTICAL QUALITY CONTROL 

9 WAFER-SORT SAMPLE EACH WAFER FOR 
ENDURANCE CHARACTERISTICS 

ASSEMBLY STATISTICAL QUALITY CONTROL 

ENDURANCE SCREEN 

RETENTION BAKE-IN 24HRS. @ 150C 

PARAMETRIC TEST TO SPECIFIED ENVIRONMENT 

9 FUNCTIONAL TEST TO SPECIFIED ENVIRONMENT 

9 ENDURANCE SURVEY 10,000 CYCLES 

9 QUALITY ASSURANCE 
SAMPLE 

TL/XIOOO6-1B 

FIGURE 15. Quality Control Steps for 
National Semiconductor EEPROMs 
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For EEPROMs which are in the manufacturing phase, statis­
tical quality control and testing are used to evaluate product 
compliance to specification. Figure 15 shows a flow chart of 
the various quality control steps which National Semicon­
ductor puts their EEPROM chips through. 

Burn In 

In addition to strict qualifying requirements of products prior 
to manufacture and tight quality control procedures, Nation­
al Semiconductor also implements burn-in tests, which 
weed out the weaker chips, and ensure an even higher level 
of reliability for the surviving EEPROMs. Figure 16 is an illus­
tration of typical improvements in product reliability resulting 
from burning in chips, and removing the ones which would 
normally fail in the infant mortality region. 

RELIABILITY ASPECTS OF EEPROMs 
IN APPLICATIONS 

Reliability Testing and Results 

Endurance failure in EEPROM testing is often defined in 
very different ways. One of the more lenient methods of 

EARLY LIFE USEFUL 
(DECREASING LIFETIME 
FAILURE (CONSTANT 

WEAR OUT 
(INCREASING 

FAILURE RATE) 
~ATE) FAILURE RATE) 

INFANT MORTALITY FAILURES 

I I 
IMPROVE BY ENDURANCE 
SCREENING PRIOR TO TIME = to 

tl t2 

ERASE/WRITE CYCLING -
TLIX/0006-19 

describing failures on an EEPROM is to simply say that ev­
ery non-operative cell in a memory device constitutes one 
failure. National Semiconductor, however, chooses to use a 
fundamentally more rigorous definition, in which a failure is 
indicated the first time any single memory bit on the entire 
chip fails. Depending on memory size and specific devices, 
one can typically expect a failure rate over 10,000 erase/ 
write cycles of about 3% or less. Of this small percentage of 
chips which fail after ten-thousand cycles, seldom will any 
have more than a single-bit error. 

It is important to note that the two modes of EEPROM fail­
ure, endurance and data retention, are fundamentally or­
thogonal in applications. That is, a cell that is to be written 
10,000 times does not require data retention of 10 years 
between writes, unless of course you require that the prod­
uct operate for 100,000 years. Further, even adjacent cells 
in an EEPROM memory device operate independently from 
each other, so that any given memory location that is updat­
ed only upon rare occasions can be expected to retain its 
information for long periods, even though adjacent cells are 
being worn out through extended cycling. 

['.PROVE.ENT AnRIBUTEO TO REDUCTION 
OF INFANT MORTALITY THROUGH BURN-IN. 

tl t2 

ERASE/WRITE CYCLING -
TL/X/0006-20 

FIGURE 16. Improvements Attributed to National Semiconductor's Endurance Screen 
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OM54/748188A,OM541748288A 
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OM5417 48387 A, OM5417 48287 A 
OM54/7 48387, OM54/748287 
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OM5417 48570A, DM5417 48571 A, 
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DM541748473A, DM541748472A, 
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OM54/748475,OM541748474, 
DM541748475A, DM541748474A, 
DM5417 484 7 4B 

OM5417 48572, OM54/748573, 
DM5417 48572A, DM5417 48573A, 
DM54/748573B 
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Introduction 

GENERAL 

This generic Schottky PROM family by National Semiconductor 
makes available to the industry one of the widest selections in sizes 
and organizations. Four-bit wide PROMs are provided with 256 to 
4096 works in pin compatible 16 and 18 pin dual-in-line packages. 
The 8-bit wide devices range from 32 to 4096 words in a variety of 
packages. Being 'generic,' all PROMs share a common programming 
algorithm. 

TITANIUM-TUNGSTEN FUSES 

National's Programmable Read-Only Memories (PROMs) feature tita­
nium-tungsten (Ti:W) fuse links designed to program efficiently with 
only 10.5 Volts applied. The high performance and reliability of these 
PROMs are the result of fabrication by a Schottky bipolar process, of 
which the titanium-tungsten metalization is an integral part, and the 
use of an on-chip programming circuit. 

A major advantage of the titanium-tungsten fuse technology is the low 
programming voltage of the fuse links. At 10.5 Volts, this virtually 
eliminates the need for guard-ring devices and wide spacings required 
for other fuse technologies. Care is taken, however, to minimize volt­
age drops across the die and to reduce parasitics. The device is de­
signed to ensure that worst-case fuse operating current is low enough 
for reliable long-term operation. The Darlington programming circuit is 
liberally designed to insure adequate power density for blowing the 
fuse links. The complete circuit design is optimized to provide high 
performance over the entire operating ranges of Vee and tempera­
ture. 

TESTABILITY 

The Schottky PROM die includes extra rows and columns of fusable 
links for testing the programmability of each chip. These test fuses 
are placed at the worst-case chip locations to provide the highest 
possible confidence in the programming tests in the final product. A 
ROM pattern is also permanently fixed in the additional circuitry and 
coded to provide a parity check of input address levels. These and 
other test circuits are used to test for correct operation of the row and 
column-select circuits and functionality of input and enable gates. All 
test circuits are available at both wafer and assembled device levels 
to allow 100% functional and parametric testing at every stage of the 
test flow. 

RELIABILITY 

As with all National products, the Ti:W PROMs are subjected to an 
on-going reliability evaluation by the Reliability Assurance Depart­
ment. These evaluations employ accelerated life tests, including dy­
namic high-temperature operating life, temperature-humidity life, tem­
perature cycling, and thermal shock. To date, nearly 7.4 million 
Schottky Ti:W PROM device hours have been logged, with samples in 
Epoxy B molded DIP (N-package), PLCC (V-package) and CERDIP (J­
package). Device performance in all package configurations is excel­
lent. 
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Bipolar PROM Selection Guide 

Non-Registered PROMs 

Size Organization 
Pins Part tAA tEA 

(Bits) (DIP) Number (Max) In ns (Max) In ns 

256 32x8 DC 16 DM54S188 45 30 
32x8 DC 16 DM74S188 35 20 
32x8 TS 16 DM54S288 45 30 
32x8 TS 16 DM74S288 35 20 
32x8 DC 16 DM54S188A 35 30 
32x8 DC 16 DM74S188A 25 20 
32x8 TS 16 DM54S288A 35 30 
32x8 TS 16 DM74S288A 25 20 
32x8 TS 16 PL77X288B 20 15 
32x8 TS 16 PL87X288B 15 12 

1024 256x4 DC 16 DM54S387 60 30 
256x4 DC 16 DM74S387 50 25 
256x4 TS 16 DM54S287 60 30 
256x4 TS 16 DM74S287 50 25 
256x4 DC 16 DM54S387A 40 30 
256x4 DC 16 DM74S387A 30 20 
256x4 TS 16 DM54S287A 40 30 
256x4 TS 16 DM74S287A 30 20 

2048 512x4 DC 16 DM54S570 65 35 
512x4 DC 16 DM74S570 55 30 
512x4 TS 16 DM54S571 65 35 
512x4 TS 16 DM74S571 55 30 
512x4 DC 16 DM54S570A 60 35 
512x4DC 16 DM74S570A 45 25 
512x4 TS 16 DM54S571A 60 35 
512x4 TS 16 DM74S571A 45 25 
512x4 TS 16 DM54S571B 50 35 
512x4 TS 16 DM74S571B 35 25 
256x8 TS 20 DM54LS471 70 35 
256x8 TS 20 DM74LS471 60 30 

4096 512x8 DC 20 DM54S473 75 35 
512x8 DC 20 DM74S473 60 30 
512x8 TS 20 DM54S472 75 35 
512x8 TS 20 DM74S472 60 30 . 
512x 8 DC 20 DM54S473A 60 35 
512x8 DC 20 DM74S473A 45 30 
512x8 TS 20 DM54S472A 60 35 
512x8 TS 20 DM74S472A 45 30 
512x8 TS 20 DM54S472B 50 35 
512x8 TS 20 DM74S472B 35 25 
512x8 DC 24 DM54S475 75 40 
512x8 DC 24 DM74S475 65 35 
512x8 TS 24 DM54S474 75 40 
512x8 TS 24 DM74S474 65 35 
512x8 DC 24 DM54S475A 60 35 
512x8 DC 24 DM74S475A 45 25 
512x8 TS 24 DM54S474A 60 35 
512x8 TS 24 DM74S474A 45 25 
512x8 TS 24 DM54S474B 50 35 
512x8 TS 24 DM74S474B 35 25 

1024x4 DC 18 DM54S572 75 45 
1024x4 DC 18 DM74S572 60 35 
1024 x4 TS 18 DM54S573 75 45 
1024x4 TS 18 DM74S573 60 35 
1024x4 DC 18 DM54S572A 60 35 
1024x4 DC 18 DM74S572A 45 25 
1024x4 TS 18 DM54S573A 60 35 
1024x4 TS 18 DM74S573A 45 25 
1024x4 TS 18 DM54S573B 50 35 
1024x4 TS 18 DM74S573B 35 25 
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~ 
Icc Temperature 

(Max) InmA Celsius 

110 - 55·C to + 125·C 
110 O·Cto +70·C 
110 - 55·C to + 125·C 
110 O·C to +70·C 
110 - 55·C to + 125·C 
110 O·Cto +70·C 
110 - 55·C to + 125·C 
110 O·Cto +70·C 
140 - 55·C to + 125·C 
140 O·Cto +70·C 

130 - 55·C to + 125·C 
130 O·C to +70·C 
130 - 55·C to + 125·C 
130 O·C to +70·C 
130 - 55·C to + 125·C 
130 O·Cto +70·C 
130 - 55·C to + 125·C 
130 O·C to +70·C 

130 - 55·C to + 125·C 
130 O·Cto +70·C 
130 - 55·C to + 125·C 
130 O·Cto +70·C 
130 - 55·C to + 125·C 
130 O·C to +70·C 
130 - 55·C to + 125·C 
130 O·C to +70·C 
130 - 55·C to + 125·C 
130 o·C to +70·C 
100 - 55·C to + 125·C 
100 O·Cto +70·C 

155 - 55·C to + 125·C 
155 O·Cto +70·C 
155 - 55·C to + 125·C 
155 O·Cto +70·C 
155 - 55·C to + 125·C 
155 O·Cto +70·C 
155 - 55·C to + 125·C 
155 O·C to +70·C 
155 - 55·C to + 125·C 
155 O·C to +70·C 
170 - 55·C to + 125·C 
170 O·Cto +70·C 
170 - 55·C to + 125·C 
170 O·Cto +70·C 
170 - 55·C to + 125·C 
170 O·Cto +70·C 
170 - 55·C to + 125·C 
170 O·C to +70·C 
170 - 55·C to + 125·C 
170 O·Cto +70·C 
140 - 55·C to + 125·C 
140 O·C to +70·C 
140 - 55·C to + 125·C 
140 O·C to +70·C 
140 - 55·C to + 125·C 
140 O·Cto +70·C 
140 - 55·C to + 125·C 
140 O·Cto +70·C 
140 - 55·C to + 125·C 
140 O·Cto +70·C 
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Size 
Organization 

Pins 
(Bits) (DIP) 

8192 1024x80C 24 
1024x80C 24* 
1024x80C 24 
1024xB OC 24* 
1024x8 TS 24 
1024x8 TS 24* 
1024xB TS 24 
1024x8 TS 24* 
1024x8 TS 24 
1024xB TS 24 
2048x40C 18 
2048x40C 18 
2048x4 TS 18 
2048x4 TS 18 
2048x4 TS 18 
2048x4 TS 18 
2048x4 TS 18 
2048x4 TS 18 

16384 2048x80C 24 
2048x80C 24* 
2048x80C 24 
2048x80C 24* 
2048x8 TS 24 
2048x8 TS 24* 
2048x8 TS 24 
2048x8 TS 24* 
2048x8 TS 24 
2048x8 TS 24 
2048x8 TS 24 
2048x8 TS 24 
2048x8 TS 24* 
2048x8 TS 24* 
204Bx8 TS 24* 
2048x8 TS 24* 
4096x4 TS 20 
4096x4 TS 20 
4096x4 TS 20 
4096x4 TS 20 

32768 4096x8 TS 24 
4096x8 TS 24 
4096x8 TS 24* 
4096x8 TS 24* 

'-24 Pin Narrow Dual-In-Une Package 

Non-Registered PROMs (Continued) 

Part tAA tEA Icc Temperature 
Number (Max) In ns (Max) In ns (Max) In rnA Celsius 

DM77S180 75 35 170 - 55·C to + 125·C 
DM77S280 75 35 170 - 55·C to + 125·C 
DM87S180 55 ' 30 170 O·C to +70·C 
DM87S280 55 30 170 O·Cto +70·C 
DM77S181 75 35 170 - 55·C to + 125·C 
DM77S281 75 35 170 - 55·C to + 70·C 
DM87S181 55 30 170 O·C to +70·C 
DM87S281 55 30 170 O·C to +70·C 
DM77S181A 65 35 170 - 55·C to + 125·C 
DMB7S1B1A 45 30 170 O·C to +70·C 
DM77S184 70 30 140 - 55·C to + 125·C 
DM87S184 55 25 140 O·C to +70·C 
DM77S185 70 30 140 - 55·C to + 125·C 
DM87S185 55 25 140 O·Cto +70·C 
DM77S185A 60 30 140 - 55·C to + 125·C 
DM87S185A 49 25 140 O·Cto +70·C 
DM77S1858 50 30 140 - 55·C to + 125·C 
DM87S1858 35 25 140 O·Cto +70·C 

DM77S190 80 40 175 - 55·C to + 125·C 
DM77S290 80 40 175 - 55·C to + 125·C 
DM87S190 65 ·30 175 O·Cto +70·C 
DM87S290 65 30 175 O·Cto +70·e 
DM77S191 80 40 175 - 55·e to + 125·C 
DM77S291 80 40 175 - 55·C to + 125·e 
DM87S191 65 30 175 o·eto +70·e 
DM87S291 65 30 175 o·eto +70·e 
DM77S191A 60 35 175 - 55·C to + 125·C 
DM87S191A 45 30 175 O·C to +70·e 
DM77S1918 50 30 175 - 55·e to + 125·e 
DM87S1918 35 25 175 o·e to +70·e 
DM77S291A 60 35 175 - 55·C to + 125·C 
DM87S291A 45 30 175 O·C to +70·e 
DM77S2918 50 30 175 - 55·e to + 125·e 
DM87S2918 35 25 175 o·e to +70·e 
DM77S195A 60 35 170 - 55·e to + 125·e 
DM87S195A 45 25 170 o·eto +70·C 
DM77S1958 50 30 170 - 55·C to + 125·C 
DM87S1958 35 25 170 o·eto +70·C 

DM77S321 65 35 185 - 55·e to + 125·e 
DM87S321 55 30 185 o·eto +70·C 
DM7jS421 65 35 185 - 55·e to + 125·e 
DM87S421 55 30 185 o·eto +70·e 
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m 
Registered PROMs -6. 

0 
tpLH (ClK) iii' 

Size Pins Part tSA Icc Temperature ... 
(Bits) Organization (DIP) Number (Min) In ns 

tpHL(ClK) 
(Max) In mA Celsius ." 

(Max) In ns ::xJ 
0 

4096 512x8 REG 24* DM77SR474 55 30 185 - 55·C to + 125·C 3: 
512x8 REG 24* DM77SR4748 40 25 185 - 55·C to + 125·C tJ) 

CD 
512x8 REG 24* DM87SR474 50 27 185 O·Cto +70·C CD 
512x8 REG 24* DM87SR4748 35 20 185 O·Cto +70·C n -512x8 REG 24* DM77SR476 55 30 185 - 55·C to + 125·C o· 

::::J 
512x8 REG 24* DM77SR4768 40 25 185 - 55·C to + 125·C G) 
512x8 REG 24* DM77SR25 55 3Q 185 - 55·C to + 125·C c 
512x8 REG 24* DM77SR258 40 25 185 - 55·C to + 125·C is: 

CD 
512x8 REG 24* DM87SR476 55 27 185 O·Cto +70·C 
512x8 REG 24* DM87SR4768 35 20 185 O·Cto +70·C 
512x8 REG 24* DM87SR25 50 27 185 O·Cto +70·C 
512x8 REG 24* DM87SR258 35 20 185 O·Cto +70·C 

8192 1024 x8 REG 24* DM77SR181 50 30 175 - 55·C to + 125·C 
1024 x8 REG 24* DM87SR181 40 20 175 O·Cto +70·C 
1024x8 REG 24* DM77SR183 45 30 185 - 55·C to + 125·C 
1024x8 REG 24* DM87SR183 40 25 185 O·Cto +70·C 
1024x8 REG 24* DM77SR1838 40 25 185 - 55·C to + 125·C 
1024x8 REG 24* DM87SR1838 35 20 185 O·Cto +70·C 
2048 x4 REG 24* DM77SR191** 18 15 195 - 55·C to + 125·C 
2048 x4 REG 24* DM87SR191·· 25 10 190 O·Cto +70·C 
2048x4 REG 24· DM77SR193·· 18 15 190 - 55·C to + 125·C 
2048 x4 REG 24· DM87SR193·· 25 10 190 O·Cto +70·C 

Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage (Note 2) -0.5 to + 7.0V Min Max Units 

Input Voltage (Note 2) -1.2 to + 5.5V Supply Voltage (Vee> 
Military 4.50 5.50 V 

Output Voltage (Note 2) -0.5to +5.5V Commercial 4.75 5.25 V 
Storage Temperature -65 to + 150·C Ambient Temperature (TN 
Lead Temperature (10 seconds) 300·C Military -55 +125 ·C 
• ·24 Pin Narrow Dual Inline Package Commercial 0 +70 ·C 
•• To be released June 1987. Logical "0" Input Voltage 0 0.8 V 

Logical "1" Input Voltage 2.0 5.5 V 
Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 

Note 2: These limits do not apply during programming. For the programming ratings. refer to the programming instructions. 
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DM54/74S 188, DM54/74S288 
(32 X 8) 256-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 32 
words by 8 bits configuration. A memory enable input is pro­
vided to control the output states. When the device is en­
abled, the outputs represent the contents of the selected 
word. When disabled, the 8 outputs go to the "OFF" or high 
impedance state. The memories are available in both open­
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Military Commercial 

DM74S188 

DM74S288 

DM54S188 X 

DM54S288 X 

Block and Connection Diagram 

A4 
A3 
A2 
AI 
AD 

08 01 06 

256-BIT ARRAY 
32 x 8 

MEMORY MATRIX 

05 

X 

X 

03 

3-8 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-22 ns typ 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over 

temperature 
• Low voltage TRI-SAFETM programming 

Open-
TRI-STATE 

Collector 

X 

X 

02 01 
TLlL/9187 -1 

X 

X 

Package 

N,J, V 

N,J, V 

J 

J 

Top View 

16 Vee 

15 Ei 
14 A4 

13 A3 

12 A2 

" AI 
10 
9 AD 

08 

TLlLl9187-2 

Order Number DM54174S188J, 
288J, DM74S188N, 288N, 188V, 288V 

See NS Package Number 
J16A, N16A or V20A 



DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S188/288 DM74S188/288 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 ,...A 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 ,...A 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min,lOL = 16 mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

10Z Output Leakage Current Vee = Max, VeEX = 2.4V 50 50 ,...A 

(Open-Collector Only) Vee = Max, VeEx = 5.5V 100 100 ,...A 

Ve Input Clamp Voltage Vee = Min,IIN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0V, VIN = 2.0V 4.0 4.0 pF 
TA = 25C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF 
T A = 25C, 1 MHz, Outputs Off 

Icc Power Supply Current Vee = Max, Input Grounded 
70 110 70 110 mA 

All Outputs Open 

TRI-STATE Parameters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 mA 
Output Current (Note 2) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V +50 +50 ,...A 
(TRI-STATE) Chip Disabled -50 -50 ,...A 

VOH Output Voltage High 10H = -2.0mA 2.4 3.2 V 

10H = - 6.5 mA 2.4 3.2 V 

AC Electrical Characteristics With Standard Load and Operating Conditions 

Symbol JEDEC Symbol Parameter 
DM54S 188/288 DM74S188/288 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 22 45 22 35 ns 

TEA TEVQV Enable Access Time 15 30 15 20 ns 

TER TEXQX Enable Recovery Time 15 35 15 25 ns 

TZX TEVQX Output Enable Time 15 30 15 20 ns 

TXZ TEXQZ Output Disable Time 15 35 15 25 ns 
Note 1: These limits apply over the entire operating range unless otherwise noted. All typical values are for Vee ~ S.OV and TA = 25°C. 

Note 2: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

I 

3-9 



~
NatiOnal 
Semiconductor 
Corporation 

DM54/74S188A, DM54/74S288A (32 X 8) 
256-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 32 
words by 8 bits configuration. A memory enable input is pro­
vided to control the output states. When the device is en­
abled, the outputs represent the contents of the selected 
word. When disabled, the 8 outputs go to the "OFF" or high 
impedance state. The memories are available in both open­
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Military Commercial 

DM74S188A X 

DM74S288A X 

DM54S188A X 

DM54S288A X 

Block and Connection Diagrams 

A4 
A3 
AZ 
AI 
AD 

08 07 06 

25&81T ARRAY 
3Z x 8 

MEMORY MATRIX 

05 04 03 02 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-17 ns typ 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over 

temperature 
• Low voltage TRI-SAFETM programming 

01 

Open-
Collector 

X 

X 

TL/L/6360-1 

TRI-STATE 

X 

X 

Dual-In-Llne Package 

05 

06 
07 

GND 

Top View 

Package 

N,J 

N,J 

J 

J 

TL/L/8360-2 

Order Number DM54S188AJ, DM54S288AJ, 
DM74S188AJ, N, or DM74S288AJ, N 

See NS Package Number J16A or N16A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Specifications for Military/Aerospace products are not Min Max Units 

contained In this datasheet. Refer to the associated Supply Voltage (Vee) 

reliability electrical test specifications document. Military 4.50 5.50 V 

Supply Voltage (Note 2) -0.5V to + 7.0V 
Commercial 4.75 5.25 V 

Ambient Temperature (T A) 
Input Voltage (Note 2) -1.2V to +5.5V Military -55 +125 °C 
Output Voltage (Note 2) - 0.5V to + 5.5V Commercial 0 70 °C 

Storage Temperature - 65°C to + 150°C Logical "0" Input Voltage 0 0.8 V 

Lead Temp. (Soldering, 10 seconds) 300°C Logic "1" Input Voltage 2.0 5.5 V 

DC Electrical Characteristics (Note 3) 

Symbol 
DM54S188A/288A DM74S188A/288A 

Parameter Conditions Units 
Min Typ Max Min Typ Max 

IL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 ,..,A 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 ,..,A 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, 10L = 16 mA 0.35 0.50 0.35 0.45 V 

VIL (Note 4) Low Level Input Voltage 0.80 0.80 V 

VIH (Note 4) High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEX = 2.4V 50 50 ,..,A 

(Open·Collector Only) Vee = Max, VeEX = 5.5V 100 100 ,..,A 

Ve Input Clamp Voltage Vee = Min, liN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 4.0 4.0 pF 
TA = 25C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF 
T A = 25C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Inputs Grounded 70 110 70 110 mA 
All Outputs Open 

TRI-STATE Parameters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 mA 
Output Current (Note 5) 

loz Output Leakage Vee = Max, Vo = 0.45 to 2.4V +50 +50 ,..,A 

(TRI·STATE) Chip Disabled -50 -50 ,..,A 

VOH Output Voltage High 10H = -2.0mA 2.4 3.2 V 

10H = -6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol Parameter 
DM54S 188A1288A DM7 4S 188A/288A 

JEDEC Symbol Units 
Min Typ Max Min Typ Max 

TAA Address Access Time TAVaV 17 35 17 25 ns 

TEA Enable Access Time TEVaV 15 30 15 20 ns 

TER Enable Recovery Time TEXaX 15 30 15 20 ns 

TZX Output Enable Time TEVaX 15 30 15 20 ns 

TXZ Output Disable Time TEXaZ 15 30 15 20 ns 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 
Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and TA = 25C. 

Note 4: These are absolute voltages with respect to pin 8 on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 
Note 5: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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NatiOnal 
Semiconductor 
Corporation 

PL77X288B/PL87X288B 
(32 X 8) 256-Bit TTL Logic PROMs 

General Description 
These Schottky programmable logic devices are organized 
in the popular 32 words by 8-bit configuration. An enable 
input is provided to control the output states. When the de­
vice is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the OFF 
or high impedance state. The memories are available in the 
TRI-STATE® version only. 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-10 ns typ 
Enable access-8 ns typ 
Enable recovery-8 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed 

over temperature 
• Low voltage TRI-SAFETM programming 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. .• > 2000V input protection for electrostatic discharge 

Military Commercial 
Open-

TRI-STATE Package 
Collector 

PL87X288 X 

PL77X288 X 

Block and Connection Diagrams 

07 06 as 

2S6 BIT OR ARRAY 
PROVIDING 

ALL 32 PRODUCT TERMS 

04 03 

Dual-In-Line Package 

00 

01 

02 3 

03 4 

04 S 

AS 

06 7 

GND 8 

Top View 

16 Vee 

G 
A4' 

A3 

A2 

Al 

10 AD 

07 

X N,J, V 

X J 

02 01 

TLlL/6747-2 

Order Number PL77X288/PL87X288J, PL87X288N or PL87X288V 
See NS Package Number J16A, N16A or V20A 
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Absolute Maximum Ratings (Note 1) 

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

Supply Voltage (Note 2) -0.5V to + 7.0V 

Input Voltage (Note 2) -1.2V to +5.5V 

Output Voltage (Note 2) - 0.5V to 5.5V 

Storage Temperature - 65°C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Static Discharge Voltage >2001V 
(per Mil-Std-883 Method 3015.2) 

DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 

IlL Input Load Current Vee = Max, VIN = O.4V 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 

Vee = Max, VIN = 5.5V 

VOL Low Level Output Vee = Min, 10L = 24 mA (Com) 
Voltage 10L = 12 mA (Mil) 

VIL Low Level Input (Note 7) 
Voltage 

VIH High Level Input (Note 7) 
Voltage 

Ve Input Clamp Voltage Vee = Min, liN = -18 mA 

CI Input Capacitance Vee = 5.0V, VIN = 2.0V 
TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 
T A = 25°C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Input Grounded 
All Outputs Open 

TRI-STATE 

los Short Circuit Vo = OV, Vee = Max 
Output Current (Note 4) 

loz Output Leakage Vee = Max, Vo = O.4V to 2.4V 
(TRI-STATE) Chip Disabled 

VOH Output Voltage High 10H = -2.0mA 

10H = - 3.2mA 
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Operating Conditions 
Min Max 

Supply Voltage (Vee> 
PL77X288 4.50 5.50 
PL87X288 4.75 5.25 

Ambient Temperature (T A) 
PL77X288 -55 +125 
PL87X288 0 +70 

Logical "0" Input Voltage 0 0.8 
Logical "1" Input Voltage 2.0 5.5 

PL77X288 PL87X288 

Min Typ Max Min Typ Max 

-80 -250 -80 -250 

25 25 

1.0 1.0 

0.35 0.50 0.35 0.50 

0.80 0.80 

2.0 2.0 

-0.8 -1.5 -0.8 -1.5 

4.0 4.0 

6.0 6.0 

110 140 110 140 

-30 -130 -30 -130 

100 100 
-100 -100 

2.4 3.2 

2.4 3.2 

Units 

V 
V 

°C 
°C 
V 
V 

Units 

fJ-A 

fJ-A 

mA 

V 

V 

V 

V 

pF 

pF 

mA 

mA 

fJ-A 

V 

V 

"'C .­..... ..... 
>< 
N 
co 
co 
OJ ....... 
"'C .­co ..... 
>< 
N 
co 
co 
OJ 
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AC Electrical Characteristics with standard load and operating conditions 

Symbol Parameter JEDEC Symbol 
PL77X288 PL87X288 

Units 
Min Typ Max Min Typ Max 

tAA Address Access Time (Note 5) TAVQV 10 20 10 15 ns 

tEA Enable Access Time (Note 5) TEVQV 8 15 8 12 ns 

tER Enable Recovery Time (Note 6) TEXQX 8 15 8 12 ns 

tzx Output Enable Time (Note 5) TEVQX 8 15 8 12 ns 

txz Output Disable Time (Note 6) TEXQZ 8 15 8 12 ns 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming parameters. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and T A = 25°C. 

Note 4: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: CL = 50 pF. 

Note 6: CL = 5 pF. 

Note 7: These are absolute voltages with respect to the ground pin on the device and includes all overshoots due to system and/or tester noise. Do not attempt to 
test these values without suitable equipment. 

Approved Programmers 
Manufacturer System # 
DATA 110 5/17/19/29A 

PRO·LOG M910, M980 
KONTRON MPP80S 
STAG PPX 
AIM RP400 
DIGELEC UP803 
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ra NatiOnal 
Semiconductor 
Corporation 

DM54/74S387A, DM54/74S287A (256 X 4) 
1024-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 256 
words by 4 bits configuration. Memory enable inputs are 
provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 4 outputs go to the "OFF" or high 
impedance state. The memories are available in both open­
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Military Commercial 

DM74S387A X 

DM74S287A X 

DM54S387A X 

DM54S287A X 

Block and Connection Diagrams. 

A7 
A6 
A5 
A4 
A3 

A2 ----I 
AI -----I 
AO ----I 

04 

I Irl4-BIT ARRAY 
32 x 32 

MEMORY MATRIX 

03 02 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-20 ns typ 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over 

temperature 
• Low voltage TRI-SAFETM programming 
• > 2000V input protection for electrostatic discharge 

Open-
Collector 

X 

X 

01 
TL/L/8359-1 

TRI-STATE Package 

N,J,V 

X N,J,V 

J 

X J 

Dual-In-Llne-Package 

A5 

A4 

A3 

AO 

AI 

Top View 
TL/L/8359-2 

Order Number DM54S287AJ, 
DM54S387 AJ, 

DM74S287AJ,287AN,287AV, 
DM74S387AJ, 387AN, 387AV 

See NS Packages J 16A, N 16A or 
V20A 

3-15 

c 
3: 
U1 
~ en 
w 
00 ...... 
1> 
c 
3: ...... 
~ en 
w 
00 
...... 
1> 
c 
3: 
U1 
~ en 
N 
00 ...... 
}> 
c 
3: ...... 
~ en 
N 
00 ...... 
l> 



Absolute Maximum Ratings (Note 1) Operating Conditions 
Specifications for Military/Aerospace products are not Min Max Units 
contained in this datasheet. Refer to the associated Supply Voltage (Vce) 
reliability electrical test specifications document. Military 4.50 5.50 V 
Supply Voltage (Note 2) -0.5 to + 7.0V Commercial 4.75 5.25 V 
Input Voltage (Note 2) -1.2Vto +5.5V Ambient Temperature (T A) 
Output Voltage (Note 2) -0.5V to + 5.5V Military -55 +125 ·C 

Storage Temperature - 65·C to + 150·C Commercial 0 70 ·C 

Lead Temp. (Soldering, 10 seconds) 300·C Logical "0" Input Voltage 0 0.8 V 

Static Discharge Voltage >2001V Logic "1" Input Voltage 2.0 5.5 V 

(per MIL-STD-883 Method 3015.2) 

ESD rating to be determined. 

DC Electrical Characteristics (Note 3) 

OM54S387 A/287 A OM7 4S387 A/287 A 
Symbol Parameter Conditions 

Min Typ Max Min Typ Max 
Units 

IlL Input Load Current Vcc=Max, VIN=0.45V -80 -250 -80 -250 /LA 
IIH Input Leakage Current Vcc=Max, VIN=2.7V 25 25 /LA 

Vcc=Max, VIN=5.5V 1.0· 1.0 rnA 

VOL Low Level Output Voltage Vcc=Min, 10L =16 rnA 0.35 0.50 0.35 0.45 V 

VIL (Note 4) Low Level Input Voltage 0.80 0.80 V 

VIH (Note 4) High Level Input Voltage 2.0 2.0 V 

loz Ouput Leakage Current Vcc=Max, VCEX=2.4V 50 50 /LA 
(Open-Collector Only) Vcc=Max, VCEX=5.5V 100 100 /LA 

Vc Input Clamp Voltage VCC=Min, IIN= -18 rnA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vcc=5.0, VIN=2.0V 4.0 4.0 pF 
TA=25C,1 MHz 

Co Output Capacitance Vcc=5.OV, Vo=2.0V 6.0 6.0 pF 
T A = 25C, 1 MHz, Outputs Off 

Icc Power Supply Current Vcc= Max, Inputs Grounded 80 130 80 130 rnA 
All Outputs Open 

TRI-ST ATE Parameters 

los Short Circuit Vo=OV, Vcc=Max -20 -70 -20 -70 rnA 
Output Current (Note 5) 

loz Output Leakage Vcc=Max, VO=0.45 to 2.4V +50 +50 /LA 
(TRI-STATE) Chip Disabled -50 -50 /LA 

VOH Output Voltage High 10H= -2.0 rnA 2.4 3.2 V 

IOH=-6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 
~.,t , 

OM54S387 Al287 A OM7 4S387 Al287 A 
Symbol Parameter JEOEC Symbol Units 

Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 20 40 20 30 ns 

TEA Enable Access Time TEVQV 15 30 15 20 ns 

TER Enable Recovery Time TEXQX 15 30 15 20 ns 

Tzx Output Enable Time TEVQX 15 30 15 20 ns 

Txz Output Disable Time TEXQZ 15 30 15 20 ns 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and T A = + 25°C. 

Note 4: These are absolute voltages with respect to pin 8 on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

Note 5: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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NatiOnal 
Semiconductor 
Corporation 

DM54/74S387, DM54/74S287 
(256 X 4) 1024-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 256 
words by 4 bits configuration. Memory enable inputs are 
provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 4 outputs go to the "OFF" or high 
impedance state. The memories are available in both open­
collector and TRI-STATE<Il> versions. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Military Commercial 

DM74S387 X 

DM74S287 X 

DM54S387 X 

DM54S287 X 

Block and Connection Diagram 

A7 
A6 
AS 
A4 
A3 

A2 
AI 
AD 

£j 

E2 

ENABLE 
GATE 04 

1D24-BlT ARRAY 
32 x 32 

MEMORY MATRIX 

03 02 01 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-35 ns typ 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over tempera­

ture 
• Low voltage TRI-SAFETM programming 

Open-
TRI-STATE 

Collector 

X 

X 

X 

X 

TL/L/9188-1 

Package 

N,J, V 

N,J, V 

J 

J 

TLlL/9188-2 

Top View 

Order Number DM54174S387J, 
DM5417 4S287 J, OM74S387N, 
OM74S387V, OM74S287N or 

OM74S287V 
See NS Package Number 

J16A, N16A or V20A 
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DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S387/287 DM74S387/287 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 IlA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 IlA 

Vee = Max, VIN = 5.5V 1.0 1.0 rnA 

VOL Low Level Output Voltage Vee = Min,loL = 16 rnA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEX = 2.4V 50 50 IlA 

(Open-Collector Only) Vee = Max, VeEX = 5.5V 100 100 IlA 

Ve Input Clamp Voltage Vee = Min,IIN = -18 rnA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 
4.0 4.0 pF 

TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 
6.0 6.0 pF 

T A = 25°C, 1 MHz, Outputs Off 

Ice Power Supply Current Vee = Max, Inputs Grounded 
80 130 80 130 rnA 

All Outputs Open 

TRI-STATE Parameters 

los Short Circuit Vo = OV, Vee = Max 
-20 -70 -20 -70 rnA 

Output Current (Note 2) 

loz Output Leakage Vee = Max,Vo = 0.45V to 2.4V +50 +50 IlA 
(TRI-STATE) Chip Disabled -50 -50 IlA 

VOH Output Voltage High IOH = -2.0 rnA 2.4 3.2 V 

IOH = -6.5 rnA 2.4 3.2 V 

Note 1: These limits apply over the entire operating range unless otherwise noted. All typical values are for Vee = 5.0V and TA = 25'C. 

Note 2: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

AC Electrical Characteristics With Standard Load and Operating Conditions 

Symbol JEDEC Symbol Parameter 
DM54S387/287 DM74S387/287 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 35 60 35 50 ns 

TEA TEVQV Enable Access Time 15 30 15 25 ns 

TER TEXQX Enable Recovery Time 15" 30 15 25 ns 

TZX TEVQX Output Enable Time 15 30 15 25 ns 

TXZ TEXQZ Output Disable Time 15 30 15 25 ns 
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NatiOnal 
Semiconductor 
Corporation 

DM54/74S570, DM54/74S571, DM54/74S570A, 
DM54/74S571A, DM54/74S571B 
(512 X 4) 2048-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 512 
words by 4 bits configuration. A memory enable input is pro­
vided to control the output states. When the device is en­
abled, the outputs represent the contents of the selected 
word. When disabled, the 4 outputs go to the "OFF" or high 
impedance state. The memories are available in both open­
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Military Commercial 

DM74S570 X 

DM74S571 X 

DM54S570 X 

DM54S571 X 

Block and Connection Diagrams 

AS 
A7 
A6 
AS 
A4 
A3 

A2-----I 
AI-----I 
AO-----I 

04 

2048-BIT ARRAY 
64x32 

MEMORY MATRIX 

03 02 01 
TL/Ll9189-1 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-30 ns typ 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over tempera­

ture 
• Low voltage TRI-SAFETM programming 

Open-
Collector 

X 

X 

TRI-STATE 

X 

X 

A6 1 

AS 2 

114 3 

A3 4 

AD 5 

AI 6 

A2 7 

GND 8 

Package 

N,J, V 

N,J, V 

J 

J 

Top View 
TL/L/9189-2 

Order Number DM54174S570J, DM54174S571J, 
DM74S570N, DM74S571N, DM74S570V or DM74S571V 

See NS Package Number J16A, N16A or V20A 
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DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S570/571 DM74S570/571 

Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 

Vee = Max, VIN = 5.5V 1.0 1.0 

VOL Low Level Output Voltage Vee = Min, 10L = 16 rnA 0.35 0.50 0.35 0.45 

VIL Low Level Input Voltage 0.80 0.80 

VIH High Level Input Voltage 2.0 2.0 

loz Output Leakage Current Vee = Max, VeEX = 2.4V 50 50 
(Open-Collector Only) Vee = Max, VeEX = 5.5V 100 100 

Ve Input Clamp Voltage Vee = Min, liN = -18 rnA -0.8 -1.2 -0.8 -1.2 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 4.0 4.0 
TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 
T A = 25°C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Input Grounded 
90 130 90 130 

All Outputs Open 

TRI-STATE Parameters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 
Output Current (Note 2) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V +50 +50 
(TRI-STATE) Chip Disabled -50 -50 

VOH Output Voltage High 10H = -2.0 rnA 2.4 3.2 

10H = - 6.5 rnA 2.4 3.2 
Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vce = 5.0V and TA = 25°C. 
Note 2: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameter 
DM54S570/571 DM74S570/571 

Min Typ Max Min Typ Max 

TAA TAVaV Address Access Time 40 65 40 55 

TEA TEVaV Enable Access Time 20 35 20 30 

TER TEXaX Enable Recovery Time 20 35 20 30 

TZX TEVaX Output Enable Time 20 35 20 30 

TXZ TEXaZ Output Disable Time 20 35 20 30 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameter 
DM54S571A, B/570A DM74S571A, B/570A 

Min Typ Max Min Typ Max 

TAA TAVaV I 571A1570A Address Access Time 30 60 , 30 45 

I 5718 30 50 30 35 

TEA TEVaV Enable Access Time 15 35 15 25 

TER TEXaX Enable Recovery Time 15 35 15 25 

TZX TEVaX Output Enable Time 15 35 15 25 

TXZ TEXaZ Output Disable Time 15 35 15 25 
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Units 

JlA 

JlA 

rnA 

V 

V 

V 

JlA 

JlA 

V 

pF 

pF 

rnA 

rnA 

JlA 

JlA 

V 

V 

Units 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 
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NatiOnal 
Semiconductor 
Corporation 

DM54/7 4LS4 71 
(256 X 8) 2048-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 256 
words by 8 bits configuration. Memory enable inputs are 
provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 8 outputs go to the "OFF" or high 
impedance state. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Military Commercial 

I DM74LS471 X 

I DM54LS471 X 

Block and Connection Diagrams 

A7 
A6 
A5 
AD 
Al 

A2----I 
A3----I 
A4 ----I 

ENABLE 
BUFFER 08 07 06 

2048-BIT ARRAY 
32 x 64 

MEMORY MATRIX 

05 04 03 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-40 ns typ 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over tempera­

ture 
• Low voltage TRI-SAFETM programming 

Open-
TRI-STATE® 

Collector 

X 

X 

02 01 
TLIL/9190-1 

Package 

N,J,V 

J 

AD 

AI 

A2 

A3 

A4 

01 

02 
03 

TL/L/9190-2 

Order Number DM54LS471J, 
DM74LS471J, DM74LS471N 

or DM74LS471V 
See NS Package Number 

J20A, N20A or V20A 
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DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54LS471 DM74LS471 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 /-LA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 /-LA 

Vee = MaX, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, 10L = 16 mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

Ve Input Clamp Voltage Vee = Min, liN = -18 mA -0.8 -1.2 -O.B -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 
4.0 4.0 pF 

TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 
6.0 6.0 pF 

T A = 25°C, 1 MHz, Outputs Off 

Ice Power Supply Current Vee = Max, Inputs Grounded 
75 100 75 100 mA 

All Outputs Open 

TRI·STATE Parameters 

los· Short Circuit Vo = OV, Vee = Max 
-20 -70 -20 -70 mA 

Output Current (Note 2) 

10Z Output Leakage Vcc = Max, Vo = 0.45V to 2.4V +50 +50 /-LA 
(TRI-STATE) Chip Disabled -50 -50 /-LA 

VOH Output Voltage High 10H = -2.0mA 2.4 3.2 V 

10H = - 6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameter 
DM54LS471 DM74LS471 

Units 
Min Typ Max Min Typ Max 

TM TAVQV Address Access Time 45 70 40 60 ns 

TEA TEVQV Enable Access Time 15 35 15 30 ns 

TER TEXbx Enable Recovery Time 15 35 15 30 ns 

TZX TEVQX Output Enable Time 15 35 15 30 ns 

TXZ TEXQZ Output Disable Time 15 35 15 30 ns 

Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and TA = 25°C. 

Note 2: During los measurement, only one ~utput at a pme should be grounded. Permanent damage may otherwise result. 
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rt.I National 
Semiconductor 
Corporation 

DM54/74S473, DM54/74S472, DM54/74S473A, 
DM54/7 4S4 72A, DM54/7 4S4 72B 
(512 X 8) 4096-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 512 
words by 8 bits configuration. A memory enable input is pro­
vided to control the output states. When the device is en­
abled. the outputs represent the contents of the selected 
word. When disabled. the 8 outputs go to the "OFF" or high 
impedance state. The memories are available in both open­
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Military Commercial 

DM74S473 X 

DM74S472 X 

DM54S473 X 

DM54S472 X 

Block and Connection Diagrams 

AB 
A7 
A6 
A5 
AD 
AI 

A2----4 
A3----4 
A4-----t 

ENABLE 
BUFFER OB 07 06 

4D9&BIT ARRAY 
64x64 

MEMORY MATRIX 

05 04 03 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-25 ns typ 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over 

temperature 
• Low voltage TRI-SAFETM programming 

Open-
TRI-STATE Package 

Collector 

X N.J. V 

X N.J. V 

X J 

X J 

02 01 Top View 
TL/L/9191-2 

TL/L/9191-1 Order Number DM54174S472AJ, 
472BJ, DM74S472AN, DM74S472AV, 

DM74S472BN, DM74S472BV, 
DM74S472N, DM74S472V, 

DM74S473AN, DM74S473AV, 
DM74S473N or DM74S473V 

See NS Package Number J20A, 
N20Aor V20A 
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DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S473/472 DM74S473/472 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 IlA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 IlA 
Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, IOL = 16 mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEx = 2.4V 50 50 IlA 
(Open-Collector Only) Vee = Max, VeEX = 5.5V 100 100 IlA 

Ve Input Clamp Voltage Vee = Min, liN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 
4.0 4.0 pF 

TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 
6.0 6.0 pF 

T A = 25°C, 1 MHz, Outputs Off 

Ice Power Supply Current Vee = Max, Input Grounded 
110 155 110 155 mA 

All Outputs Open 

TRI·STATE Parameters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 mA 
Output Current (Note 2) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V +50 +50 IlA 
(TRI-STATE) Chip Disabled -50 -50 IlA 

VOH Output Voltage High IOH = -2.0mA 2.4 3.2 V 

IOH = - 6.5mA 2.4 3.2 V 
Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and TA = 25°C. 

Note 2: During los measurement. only one o~tput at a time should be grounded. Permanent damage may otherwise result. 

AC Electrical Characteristics With Standard Load and Operating Conditions 

Symbol JEDEC Symbol Parameter 
DM54S472/473 DM74S472/473 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 75 40 60 ns 

TEA TEVQV Enable Access Time 15 35 15 30 ns 

TER TEXQX Enable Recovery Time 15 35 15 30 ns 

TZX TEVQX Output Enable Time 15 35 15 30 ns 

TXZ TEXQZ Output Disable Time 15 35 15 30 ns 

AC Electrical Characteristics With Standard Load and Operating Conditions 

Symbol JEDEC Symbol Parameter 
DM54S473A/472A, B DM74S473A1472A, B 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV 473A1472A Address Access Time 25 60 25 45 ns 

472B 25 50 25 35 ns 

TEA TEVQV 473A1472A Enable Access Time 15 35 15 30 ns 

472B 15 35 15 25 ns 

TER TEXQX 473A1472A Enable Recovery Time 15 35 15 30 ns 

472B 15 35 15 25 ns 

TZX TEVQX 473A1472A Output Enable Time 15 35 15 30 ns 

472B 15 35 15 25 ns 

TXZ TEXQZ 473A1472A Output Disable Time 15 35 15 30 ns 

472B 15 35 15 25 ns 
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DM54/748475, DM54/748474; DM54/748475A, 
DM54/7 484 74A; DM54/7 484 7 4B 
(512 X 8) 4096-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 512 
words by 8 bits configuration. Memory enable inputs are 
provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 8 outputs go to the "OFF" or high 
impedance state. The memories are available in both open­
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Military Commercial 

DM74S475 X 

DM74S474 X 

DM54S475 X 

DM54S474 X 

Block and Connection Diagrams 

AS 
A7 
A6 
A5 
A4 
A3 

A2----I 
AI----I 
AO--~ 

Ei 
f2 
E3 
E4 

OS 07 06 

400&BIT ARRAY 
64x64 

MEMORY MATRIX 

05 04 03 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-25 ns typ 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over 

temperature 
• Low voltage TRI-SAFETM programming 

Open-
TRI-STATE Package 

Collector 

X N,J, V 

X N,J, V 

X J 

X J 

02 01 
TL/L/9192-1 

Top View 
TL/L/9192-2 

Order Number DM54174S474J, 
DM54174S474AJ, DM54174S474BJ, 
DM54174S475J, DM54174S475AJ or 

DM74S474N, DM74S474AN, 
DM74S474BN,DM74S475N, 

DM74S475AN or DM74S474V or 
DM74S474AV, DM74S474BV, 
DM74S475V, DM74S475AV 

See NS Package Number J24A, 
N24A orV28A 
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DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S475/474 DM74S475/474 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 p.A 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 p.A 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, 10L = 16 mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEX = 2.4V 50 50 p.A 

(Open-Collector Only) Vee = Max, VeEX = 5.5V 100 100 p.A 

Vc Input Clamp Voltage Vee = Min, liN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 
4.0 4.0 pF 

TA = 25C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 
6.0 6.0 pF 

T A = 25C, 1 MHz, Outputs Off 

Ice Power Supply Current Vee = Max, Inputs Grounded 
115 170 115 170 mA 

All Outputs Open 

TRI-ST ATE Parameters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 mA 
Output Current (Note 2) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V +50 +50 p.A 
(TRI-ST ATE) Chip Disabled -50 -50 p.A 

VOH Output Voltage High IOH = -2.0mA 2.4 3.2 V 

IOH = - 6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameter 
DM54S475/474 DM74S475/474 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 75 40 65 ns 

TEA TEVQV Enable Access Time 20 40 20 35 ns 

TER TEXQX Enable Recovery Time 20 40 20 35 ns 

TZX TEVQX Output Enable Time 20 40 20 35 ns 

TXZ TEXQZ Output Disable Time 20 40 20 35 ns 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameter 
DM54S475A/474A, B DM74S475A/474A, B 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV 1 475A1474A Address Access Time 25 60 25 45 ns 

14748 25 50 25 35 ns 

TEA TEVQV Enable Access Time 15 35 15 25 ns 

TER TEXQX Enable Recovery Time 15 35 15 25 ns 

TZX TEVQX Output Enable Time 15 35 15 25 ns 

TXZ TEXQZ Output Disable Time 15 35 15 25 ns 
Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and TA = 25°C. 

Note 2: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM54/74S572, DM54/74S573, DM54/74S572A, 
DM54/74S573A, DM54/74S573B 
(1024 X 4) 4096-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 
1024 words by 4 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the select­
ed word. When disabled, the 4 outputs go to the "OFF" or 
high impedance state. The memories are available in both 
open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Military Commercial 

DM74S572 X 

DM74S573 X 

DM54S572 X 

DM54S573 X 

Block and Connection Diagrams 

A9 
AS 
A7 
A6 
AS 
A4 

A3 
A2 
Al 
AD 

Ei 
f2 

ENABLE 
GATE 04 

4O!J6.BIT ARRAY 
64x64 

MEMORY MATRIX 

03 02 01 
TL/L/9193-1 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-25 ns typ 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over 

temperature 
• Low voltage TRI-SAFETM programming 

Open-
TRI-STATE Package 

Collector 

X N, J 

X N,J 

X J 

X J 

TLIL/9193-2 

Top View 

Order Number DM54174S572AJ, DM54174S572BJ, 
DM54174S572J, DM541745573J, 

DM54174S573AJ,DM541745573BJ, 
DM74S572N,DM74S573N, 

DM74S573AN,DM74S573BN, 
DM74S572V, DM745573V, 

DM74S573AVor DM74S573BV 
See NS Package Number J18A, N18A or V20A 
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DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S572/573 DM74S572/573 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 ,..,A 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 ,..,A 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, IOL = 16 mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEX = 2.4V 50 50 ,..,A 

(Open-Collector Only) Vee = Max, VeEX = 5.5V 100 100 ,..,A 

Vc Input Clamp Voltage Vee = Min, liN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0V, VIN = 2.0V 
4.0 4.0 pF 

TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 
6.0 6.0 pF 

T A = 25°C, 1 MHz, Outputs Off 

lec Power Supply Current Vee = Max, Input Grounded 
100 140 100 140 mA 

All Outputs Open 

TRI-STATE PARAMETERS 

los Short Circuit Vo = OV, Vee = Max 
-20 -70 -20 -70 mA 

Output Current (Note 2) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V +50 +50 ,..,A 
(TRI-STATE) Chip Disabled -50 -50 ,..,A 

VOH Output Voltage High 10H = -2.0mA 2.4 3.2 V 

IOH = - 6.5 mA 2.4 3.2 V 

Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = S.OV and T A = 2SoC. 

Note 2: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameter 
DM54S572/573 DM74S572/573 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 75 40 60 ns 

TEA TEVQV Enable Access Time 20 45 20 35 ns 

TER TEXQX Enable Recovery Time 20 45 20 35 ns 

TZX TEVQX Output Enable Time 20 45 20 35 ns 

TXZ TEXQZ Output Disable Time 20 45 20 35 ns 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameter 
DM54S572A/573A, B DM74S572A/573A, B 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV I 572A1573A Address Access Time 25 60 25 45 ns 

I 5738 25 50 25 35 ns 

TEA TEVQV Enable Access Time 15 35 15 25 ns 

TER TEXQX Enable Recovery Time 15 35 15 25 ns 

TZX TEVQX Output Enable Time 15 35 15 25 ns 

TXZ TEXQZ Output Disable Time 15 35 15 25 ns 
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DM77/87S180, DM77/87S181, DM77/87S181A, 
DM77/87S280, DM77/87S281, DM77/87S281A 
(1024 X 8) 8192-Bit TTL PROMs 

General Description Features 
These Schottky memories are organized in the popular • Advanced titanium-tungsten (Ti-W) fuses 
1024 words by 8 bits configuration. Memory enable inputs • Schottky-clamped for high speed 
are provided to control the output states. When the device Address access-35 ns typ 
is enabled, the outputs represent the contents of the select- Enable access-15 ns typ 
ed word. When disabled, the 8 outputs go to the "OFF" or Enable recovery-15 ns typ 
high impedance state. The memories are available in both • PNP inputs for reduced input loading 
open-collector and TAI-STATE® versions. • All DC and AC parameters guaranteed over 
PAOMs are shipped from the factory with lows in all loca- temperature 
tions. A high may be programmed into any selected location • Low voltage TAI-SAFETM programming 
by following the programming instructions. 

Military Commercial 
Open-

TRI-STATE Package 
24-Pln 24-Pin 

Collector Standard Narrow-Dip 

DM87S180 X X N,J, V X 

DM87S181 X X N,J, V X 

DM77S180 X X J X 

DM77S181 X X J X 

DM87S280 X X N,J, V X 

DM87S281 X X N,J, V X 

DM77S280 X X J X 

DM77S281 X X J X 

Block and Connection Diagrams 

A7 .!.I"\-TI ~ Vee 

A5-- A61. EAS 
A4-

r-+ 
A52. ~A9 

A3- 1 8192-B1T ARRAY A4.! ~Ei 64 64 x 128 A2- MEMORY MATRIX A3.! ~E2 Al-
A2.! r!! E3 AD-_ 

DECODER ~~± ~ ~ ~ ~ ± Al1. .!!. E4 

A6 

11§1§1§1§1§1§1§1 

AD .!. lL OB 
A7 J~ ffi ffi ffi rn rn ffi ij 01 ! .!! 07 A8 

I MUX MUX MUX MUX MUX ~ MUX MUX MUX 02 !!!. ~06 A9 

El-- ~ ~ ~ ~ I ~ I ~ 03.!.!. .!.! 06 

£2- f4 
GND !!. .!.!Q4 

E3- BUF - BUF - BUF I- 8UF I- BUF - BUF I- BUF - aUF 
E4-_ TLlL/9194-2 

ENABLE Top View 
GATE 08 07 06 05 04 03 02 01 Order Number DM77/87S180J, 

TL/Ll9194-1 181J, 280J, 281J, 181AJ,281AJ, 
DM87S180N, 181N, 280N, 281N, 

181AN, 281AN, DM87S180V, 181V, 
280Vor281V 

See NS Package Number 
J24A, N24A, J24F, N24C or V28A 

3-29 



<C .,.. 
co 
C'I 
tJ) ,... 
co ....... ,... ,... 
:E 
c 
.,.. 
co 
C'I 
tJ) ,... 
co ....... ,... ,... 
:E 
c 
o co 
C'I 
tJ) ,... 
co ....... ,... ,... 
:E 
c 
<i .,.. 
co .,.. 
tJ) ,... ,... 
:E c 
.,.. 
co .,.. 
tJ) ,... 
co ....... ,... ,... 
:E 
c 
o co .,.. 
tJ) ,... 
co ....... ,... ,... 
:E 
c 

DC Electrical Characteristics (Note 1) 

DM77S180/181 DM87S180/181 
Symbol Parameter Conditions DM77S280/281 DM87S280/281 

Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 

IIH Input Leakage Current Vee = Max, VIN ..; 2.7V 25 25 

Vee = Max, VIN = 5.5V 1.0 1.0 

VOL Low Level Output Voltage Vee = Min,loL = 16 rnA 0.35 0.50 0.35 0.45 

VIL Low Level Input Voltage 0.80 0.80 

VIH High Level Input Voltage 2.0 2.0 

loz Output Leakage Current Vee = Max, VeEx = 2.4V 50 50 

(Open-Collector Only) Vee = Max, VeEX = 5.5V 100 100 

Vc Input Clamp Voltage Vee = Min,IIN = -18 rnA -0.8 -1.2 -0.8 -1.2 

CI Input Capacitance Vee = 5.OV, VIN = 2.0V 
4.0 4.0 

TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5.OV, Vo = 2.0V 
6.0 6.0 

T A = 25°C, 1 MHz, Outputs Off 

Ice Power Supply Current Vee = Max, Input Grounded 
115 170 115 170 

All Outputs Open 

TRI-STATE Parameters 

los Short Circuit Vo = OV, Vee = Max 
-20 -70 -20 -70 

Output Current (Note 2) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V +50 +50 
(TRI-STATE) Chip Disabled -50 -50 

VOH Output Voltage High 10H = -2.0 rnA 2.4 3.2 

10H = - 6.5 rnA 2.4 3.2 

Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = S.OV and T A = 2S'C. 

Note 2: During loS measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

AC Electrical Characteristics With Standard Load and Operating Conditions 

DM77S180/181 DM87S180/181 
Symbol JEDEC Symbol Parameters DM77S280/281 DM87S280/281 

Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 75 40 55 

TEA TEVQV Enable Access Time 15 35 15 30 

TER TEXQX Enable Recovery Time 15 35 15 30 

TZX TEVQX Output Enable Time 15 35 15 30 

TXZ TEXQZ Output Disable Time 15 35 15 30 

AC Electrical Characteristics With Standard Load and Operating Conditions 
I 

Symbol JEDEC Symbol Parameter 
DM77S181A DM87S181A 

Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 35 65 35 45 

TEA TEVQV Enable Access Time 15 35 15 30 

TER TEXQX Enable Recovery Time 15 35 15 30 

TZX TEVQX Output Enable Time 15 35 15 30 

TXZ TEXQZ Output Disable Time 15 35 15 30 
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DM77/87SR181 
(1024 X 8) 8k-Bit Registered TTL PROM 

General Description 
The DM77/87SR181 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-slave 
registers on chip. This device is organized as 1024-words by 
8-bits and is available in the tri-state output version. De­
signed to optimize system performance, this device also 
substantially reduces the cost and size of pipe lined micro­
programmed systems and other designs wherein accessed 
PROM data is temporarily stored in a register. The 
DM77/87SR181 also offers maximal flexibility for memory 
expansion and data bus control by providing both synchro­
nous and asynchronous output enables. All outputs will go 
into the "OFF" state if the synchronous chip enable (GS) is 
high before the rising edge of the clock, or if the asynchro­
nous chip enable (G) is held high. The outputs are enabled 
when GS is brought low before the rising edge of the clock 
and G is held low. The GS flip-flop is designed to power up 
to the "OFF" state with the application of Vee. 
Data is read from the PROM by first applying an address to 
inputs AO-A9. During the setup time the output of the array 
is loaded into the master flip-flop of the data register. During 
the rising edge (low to high transition) of the clock, the data 
is then transferred to the slave of the flip-flop and will ap­
pear on the output if the output is enabled. Following the 
rising edge clock transition the addresses and synchronous 
chip enable can be removed and the output data will remain 
stable. 

Block and Connection Diagrams 

AD 

A1 

A2 64 WORD • 12S·BIT 
A3 PROGRAMMABlE FUSE ARRAY 

A4 

A5 

A6 

A7 

AI 

iNii 

B·BIT EDGE·TRIGGERED REGISTER 
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The DM77 187SR 181 also features an initialize function 
INIT. The initialize function provides the user with an extra 
word of programmable memory which is accessed with sin­
gle pin control by applying a low on INIT. The initialize func­
tion is synchronous and is loaded into the output register on 
the next rising edge of the clock. The unprogrammed state 
of the INIT is all lows. 

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

Features 
• On-chip, edge-triggered registers 
• Synchronous and asynchronous enables for word ex-

pansion 
• Programmable register INITIALIZE 
• 24-pin, 300 mil package 
• 40 ns address setup and 20 ns clock to output for max-

imum system speed 
• Highly reliable, titanium tungsten fuses 
• TRI-STATE® outputs 
• Low voltage TRI-SAFETM programming 
• All parameters guaranteed over temperature 

A7 1 Vee 
AS 

A4 

A3 iNff 
A2 Gs 

elK 

Q7 

Q6 

Ql Q5 

Q2 Q4 

GND Q3 

TL/L/9195-2 

Top View 

Order Number DM77/87SR181J, 
DM87SR181N or DM87SR181V 
See NS Package Number J24A, 

N24C orV28A 

TL/L/9195-1 

c 
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DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM77SR181 DM87SR181 

Min Typ Max Min Typ Max 

IlL Input load Current VCC = Max, VIN = 0.45V -80 -250 -80 -250 

IIH Input leakage Current Vcc = Max, VIN = 2.7V 25 25 

Vcc = Max, VIN = 5.5V 1.0 1.0 

VOL low level Output Voltage Vcc = Min, 10L = 16 rnA 0.35 0.50 0.35 0.45 

VIL low level Input Voltage 0.80 0.80 

VIH High level Input Voltage 2.0 2.0 

loz Output leakage Current Vcc = Max, VCEX = 2.4V 50 50 

Vc Input Clamp Voltage Vcc = Min, liN = -18 rnA -0.8 -1.2 -0.8 -1.2 

CI Input Capacitance Vcc = 5.0, VIN = 2.0V 
4.0 4.0 

TA = 25°C, 1 MHz 

Co Output Capacitance Vcc = 5.0V, Vo = 2.0V 
6.0 6.0 

T A = 25°C, 1 MHz, Outputs Off 

Icc Power Supply Current VCC = Max, Inputs Grounded 
115 175 115 175 

All Outputs Open 

TRI-ST ATE Parameters 

los Short Circuit Vo = OV, VCC = Max -20 -70 -20 -70 
Output Current (Note 2) 

loz Output leakage Vcc = Max, Vo = 0.45V to 2.4V 
-50 +50 -50 +50 

(TRI-ST ATE) Chip Disabled 

VOH Output Voltage High IOH = -2.0 rnA 2.4 3.2 

IOH = - 6.5mA 2.4 3.2 

Note 1: These limits apply over the entire operating range unless otherwise noted. All typical values are for vee = S.OV and T A = 2S'C. 

Note 2: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Switching Characteristics 

Symbol Parameter Conditions 
DM77SR181 DM87SR181 

Min Typ Max Min Typ Max 

tseAl Address to ClK (High) Setup Time 50 20 40 20 

tH(A) Address to ClK (High) Hold Time 0 -5 0 -5 

tS(lNln INIT to ClK (High) Setup Time 
CL = 30pF 

35 20 30 20 

tHClNITI INIT to ClK (High) Hold Time 0 -5 0 -5 

tpHL(CLK) Delay from ClK (High) to Output 
15 30 15 20 

tpLHecLKl (High or low) 

tWH(CLK) ClK Width (High or low) 
25 13 20 13 

tWUCLKl 

tS(GS) GS to ClK (High) Setup Time 15 0 15 0 

tHeGSl GS to ClK (High) Hold Time 5 0 5 0 

tpZL(CLK) Delay from ClK (High) to Active 20 30 20 25 

tpZH(CLK) Output (High or low) 20 30 20 25 
CL = 30 pF 

tpZUG) Delay from G (low) to Active 15 30 15 25 

tpZH(G) Output (High or low) 15 30 15 25 

tpLZeCLKl Delay from ClK (High) to Inactive 20 30 20 25 

tpHZ(CLK) Output (TRI-STATE) 20 30 20 25 

Delay from G (High) to Inactive 
CL = 5 pF (Note 1) 

tpLZ(G) 15 30 15 25 

tpHZ(G) Output (TRI-STATE) 15 30 15 25 
Note: All typical values are for Vee = SV, T A = 2S'C. 
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DM77/87S 184, DM77/87S 185, DM77/87S 185A, 
DM77/87S185B (2048 X 4) 8192-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 
2048 words by 4 bits configuration. A memory enable input 
is provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 4 outputs go to the "OFF" or high 
impedance state. The memories are available in both open­
collector and TRI-STATEI8> versions. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Military Commercial 

DM87S184 X 

DM87S185 X 

DM77S184 X 

DM77S185 X 

Block and Connection Diagram 

A9 
A8 
A7 
A6 
A5 
A4 

Al0------I 
A3-----~ 
A2-----~ 
Al-----~ 
AO------I 

04 

8192·BIT ARRAY 
64 x128 

MEMORY MATRIX 

03 02 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-35 ns max (8 Version) 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over 

temperature 
• Low voltage TRI-SAFETM programming 

Open-
TRI-STATE Package 

Collector 

X 

X 

X 

X 

01 

TL/L/9197-1 

N,J, V 

N,J, V 

A6 

A5 

A4 

A3 

AD 

Al 

A2 

Al0 

GNO 

J 

J 

Top View 

18 Vee 

A7 

AB 

A9 

01 

02 

03 

11 04 

10 Ei 

TL/L/9197-2 

Order Number DM77/87S184J, 
DM77/87S185J, DM77/87S185AJ, 

DM77/87S 185BJ, DM87S 184N, 
DM87S185N, DM87S185AN, 
DM87S185BN, DM87S184V, 

DM87S185V, DM87S185AV or 
DM87S185BV 

See NS Package Number J18A, 
N18A or V20A 
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DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM77S184/185 DM87S184/185 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 /LA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 /LA 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, IOL = 16 mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEx = 2.4V 50 50 /LA 

(Open-Collector Only) Vee = Max, VeEx = 5.5V 100 100 /LA 

Vc Input Clamp Voltage Vee = Min, liN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 
4.0 4.0 pF 

TA = 25C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 
6.0 6.0 pF 

T A = 25C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Input Grounded 
100 140 100 140 mA 

All Outputs Open 

TRI-ST ATE Parameters 

los Short Circuit Vo = OV, Vee = Max 
-20 -70 -20 -70 mA 

Output Current (Note 2) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V 
-50 +50 -50 +50 /LA (TRI-STATE) Chip Disabled 

VOH Output Voltage High IOH = -2.0mA 2.4 3.2 V 

IOH = - 6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameters 
DM77S184/185 DM87S184/185 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 70 40 55 ns 

TEA TEVQV Enable Access Time 15 30 15 25 ns 

TER TEXQX Enable Recovery Time 15 30 15 25 ns 

TZX TEVQX Output Enable Time 15 30 15 25 ns 

TXZ TEXQZ Output Disable Time 15 30 15 25 ns 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameters 
DM77S185A1B DM87S185A/B 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV I 185A Address Access Time 30 60 30 45 ns 

I 1858 25 50 25 35 ns 

TEA TEVQV Enable Access Time 15 30 15 25 ns 

TER TEXQX Enable Recovery Time 15 30 15 25 ns 

TZX TEVQX Output Enable Time 15 30 15 25 ns 

TXZ TEXQZ Output Disable Time 15 30 15 25 ns 

Note 1: These limits apply over the entire operating range unless otherwise noted. All typical values are for Vee = 5.0V and TA = 25'C. 

Note 2: During los measurement. only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77/87S190, DM77/87S191, DM77/87S290, 
DM77/87S291, DM77/87S191A, DM77/87S291A, 
DM77/87S191B, DM77/87S291B (2048 X 8) 
16,384-Bit TTL PROMs 
General Description Features 
These Schottky memories are organized in the popular • Advanced tungsten 0/'1) fuses 
2048 words by 8 bits configuration. Memory enable inputs • Schottky-clamped for high speed 
are provided to control the output states. When the device Address access-35 ns max (8 Version) 
is enabled, the outputs represent the contents of the select- Enable access-15 ns typ 
ed word. When disabled, the 8 outputs go to the "OFF" or Enable recovery-15 ns typ 
high impedance state. The memories are available in both • PNP inputs for reduced input loading 
open-collector and TRI-STATE® versions. • All DC and AC parameters guaranteed over 
PROMs are shipped from the factory with lows in all loca- temperature 
tions. A high may be programmed into any selected location • Low voltage TRI-SAFETM programming 
by following the programming instructions. 

Military Commercial Open- TRI-STATE Package 24-Pin 24-Pin 
Collector Standard Thin-Dip 

DM87S190 X X N,J, V X 

DM87S191 X X N,J, V X 

DM77S190 X X J X 

DM77S191 X X J X 

DM87S290 X X N,J, V X 

DM87S291 X X N,J, V X 

DM77S290 X X J X 

DM77S291 X X J X 

Block and Connection Diagrams 
r--- A7-1 U 24fo-Vcc 

Al0-
A6- 2 23 f-A8 A9-

A8- 1 

~ 
18.384-BIT ARRAY A5-J 22 fo-A9 

A7- m 128x128 
A8- DECODER MEMORY MATRIX A4-4 21~Al0 
A5-
A4- A3-5 20-ri - ;l ~ ~ ~ ~ ~ ~ ~ A2-6 ll-E2 

AI-7 18-£3 A3 
1 

l-
I 1 l- I l- I l- I I 1 A2 is I- is - is is I- is is is is AO- 8 17 f-08 Al I- - l- t-

AD MUX I- MUX MUX I- MUX I- MUX I- MUX I- MUX - MUX 
01- 9 16fo-07 

- oz- 10 15 fo-06 
rr-
EZ-

ENABLE r---. BUF I- BUF - BUF I- BUF BUF BUF t- BUF 
03- 11 14 fo-05 

GATE BUF t-

E3- GNO- 12 Ufo-04 - TL/L/9198-2 
as 07 06 05 04 OJ 02 01 Top View 

TL/L/9198-1 

Order Number DM77/87S190J, 
191J, 290J, 291J, 

191A1BJ, 291A1BJ, DM87S190N, 
191N, 290N, 291N, 191A/BN, 291A/BN, 

DM87S190V, 191V, 290V, 291V, 
191A1BV or 291A1BV 

See NS Package Number 
J24A, J24F, N24A, N24C or V28A 
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DC Electrical Characteristics (Note 1) 

DM77S190/191 DM87S190/191 
Symbol Parameter Conditions DM77S290/291 DM87S290/291 

Min Typ Max Min Typ Max 
-

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 

Vee = Max, VIN = 5.5V 1.0 1.0 

VOL Low Level Output Voltage Vee = Min,lOL = 16 rnA 0.35 0.50 0.35 0.45 

VIL Low Level Input Voltage 0.80 0.80 

VIH High Level Input Voltage 2.0 2.0 

loz Output Leakage Current Vee = Max, VeEx = 2.4V 50 50 
(Open-Collector Only) Vee = Max, VeEx = 5.5V 100 100 

Ve Input Clamp Voltage Vee = Min,IIN = -18 rnA -0.8 -1.2 -0.8 -1.2 

CI Input Capacitance Vee = 5.0V, VIN = 2.0V 4.0 4.0 
TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 
T A = 25°C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Input Grounded 
120 175 120 175 

All Outputs Open 

TRI-ST ATE Parameters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 
Output Current (Note 2) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V -50 50 -50 50 
(TRI-ST ATE) Chip Disabled 

VOH Output Voltage High 10H = -2.0 rnA 2.4 3.2 

10H = - 6.5 rnA 2.4 3.2 
Note 1: These limits apply over the entire operating range unless otherwise noted. All typical values are for Vee = S.OV and T A = 2S'C. 

Note 2: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

AC Electrical Characteristics With Standard Load and Operating Conditions 

DM77S190/191 DM87S190/191 
Symbol JEDEC Symbol Parameter DM77S290/291 DM87S290/291 

Min Typ Max Min Typ Max 

tAA TAVQV Address Access Time 35 80 35 65 

tEA TEVQV Enable Access Time 15 40 15 30 

tER TEXQX Enable Recovery Time 15 40 15 30 

tzx TEVQX Output Enable Time 15 40 15 30 

txz TEXQZ Output Disable Time 15 40 15 30 

AC Electrical Characteristics With Standard Load and Operating Conditions 

DM77S191A1B DM87S191A/B 
Symbol JEDEC Symbol Parameters DM77S291A/B DM87S291A/B 

Min Typ Max Min Typ Max 

tAA TAVQV I 191A1291A Address Access Time 30 60 30 45 

I 1918/2918 30 50 30 35 

tEA TEVQV Enable Access Time 15 30 15 25 

tER TEXQX Enable Recovery Time 15 30 15 25 

tzx TEVQX Output Enable Time 15 30 15 25 

txz TEXQZ Output Disable Time 15 30 15 25 
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DM77/87S195A, DM77/87S195B 
(4096 X 4) 16,384-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 
4096 words by 4 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the select­
ed word. When disabled, the 4 outputs go to the "OFF" or 
high impedance state. The memories are available in TRI­
STATE® version only. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Features 
• Advanced tungsten (W) fuse technology 
• Schottky-clamped for high speed 

Address access-30 ns max 
Enable access- 15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over tempera­

ture 

• Low voltage TRI-SAFETM programming 

Military Commercial TRI-STATE Package 

DM87S195A1B X 

DM77S195A1B X 

Block and Connection Diagrams 

A11 
A10 

A9 

A8 
A7 

A6 

AS 

...L 
128 

DECODER 

A4--------------~ 

A3--------------~ 

A2--------------~ 

A1--------------~ 

AO--------------~ 

04 

16.384·BIT ARRAY 
128 x 128 

MEMORY MATRIX 

03 02 
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01 

TL/L/9199-1 

X 

X 

N,J, V 

J 

Dual-In-Line Package 

A8 Vee 

A7 A9 

A6 A10 

AS A11 

A4 r1 

A3 E2 

A2 01 

A1 02 

AD 03 

GND 04 

TL/L/9199-2 

Top View 

Order Number DM77/87S195AJ, 
195BJ, DM87S195AN,195BN, 

DM87S195AVor 195BV 
See NS Package Number 

J20A, N20A or V20A 
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DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM77S195A/B DM87S195A1B 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 JLA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 JLA 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min,lOL = 16 mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

Ve Input Clamp Voltage Vee = Min, liN = -18 rnA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0V, VIN = 2.0V 
4.0 4.0 pF 

TA = 25"C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Va = 2.0V 
6.0 6.0 pF 

T A = 25°C, 1 MHz, Outputs Off 

Icc Power Supply Current Vee = Max, Input Grounded 
120 170 120 170 rnA 

All Outputs Open 

TRI-STATE PARAMETERS 

los Short Circuit Vo = OV, Vee = Max 
-20 -70 -20 -70 rnA 

Output Current (Note 2) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V +50 +50 JLA 
(TRI-STATE) Chip Disabled -50 -50 JLA 

VOH Output Voltage High 10H = -2.0 rnA 2.4 3.2 V 

10H = - 6.5mA 2.4 3.2 V 

Note 1: These limits apply over the entire operating range unless otherwise noted. All typical values are for Vee = S.OV and TA = 2SoC. 

Note 2: During lOS measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameter 
DM77S195A1195B DM87S195A/195B 

Units 
Min Typ Max Min Typ Max 

tAA TAVQV Address Access Time 1 195A 30 60 30 45 ns 

11958 30 50 30 35 ns 

tEA TEVQV Enable Access Time 15 30 15 25 ns 

tER TEXQX Enable Recovery Time 15 30 15 25 ns 

tzx TEVQX Output Enable Time 15 30 15 25 ns 

txz TEXQZ Output Disable Time 15 30 15 25 ns 
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DM77/87S321, DM77/87S421 
(4096 X 8) 32,768~Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 
4096 words by 8-bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the select­
ed word. When disabled, the eight outputs go to the "OFF" 
or high impedance state. 

PROMs are shipped from the factory with lows in all loca­
tions. A high may be programmed into any selected location 
by following the programming instructions. 

The DM77/87S321 and DM77/87S421 program the same 
as all other nonregistered PROMs from National. 

Features 
• Advanced fuse technology 
• Schottky-clamped for high speed 

Address access-55 ns max 
Enable access-20 ns typ 
Enable recovery-20 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over 

temperature 
• Low voltage TRI-SAFETM programming 
• Generic programming 

Military Commercial TRI-STATE Package 

DM87S321 

DM77S421 X 

DM87S421 

DM77S421 X 

Block and Connection Diagrams 

All 
Al0 
A9 
A8 
A7 
A6 
A5 
A4 

A3-----I 
A2-----1 
AI-----1 
AO-----I 

El 
E2 

08 07 

32.761·BIT ARRAY 
256x128 

MEMORY MATRIX 

06 05 04 

X X 

X 

X X 

X 

03 02 01 

TUU9200-1 
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N,J, V 

J 

N,J·, V 

J. 

A7 24 Vee 
A6 23 A8 

AS 22 A9 

A4 21 Al0 

A3 20 E1 
A2 19 All 

A1 18 E2 

AD 17 os 
01 16 07 

02 15 0& 

03 11 14 05 

GND 12 13 04 

TL/U9200-2 

Top View 

Order Number.DM77/87S321J, 
421J, DM87S321N, 421N, 

DM87S321V or DM87S421V 
See NS Package Number 

J24A, N24A or V28A 
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DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM77S321/421 DM87S3211421 

Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 

Vee = Max, VIN = 5.5V 1.0 1.0 

VOL Low Level Output Voltage Vee = Min, 10L = 12 rnA 0.35 0.50 0.35 0.45 

VIL Low Level Input Voltage 0.80 0.80 

VIH High Level Input Voltage 2.0 2.0 

Ve Input Clamp Voltage Vee = Min, liN = -18 rnA -0.8 -1.2 -0.8 -1.2 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 
4.0 4.0 

TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 
6.0 6.0 

T A = 25°C, 1 MHz, Outputs Off 

Icc Power Supply Current Vee = Max, 
135 185 135 185 

All Outputs Open 

TRI·STATE® Parameters 

los Short Circuit Vo = OV, Vee = Max 
-20 -70 -20 -70 

Output Current (Note 4) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V 
-50 +50 -50 +50 

(TRI·STATE) Chip Disabled 

VOH Output Voltage High 10H = -2.0 rnA 2.4 3.2 

IOH = - 6.5 rnA 2.4 3.2 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameters 
DM77S321/421 DM87S3211421 

Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 65 40 55 

TEA TEVQV Enable Access Time 20 35 20 30 

TER TEXQX Enable Recovery Time 20 35 20 30 

Tzx TEVQX Output Enable Time 20 35 20 30 

Txz TEXQZ Output Disable Time 20 35 20 30 

Note 1: These limits apply over the entire operating range unless otherwise noted. All typical values are for Vee = S.OV and TA = 2SoC. 

Note 2: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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PRELIMINARY 

DM77/87SR474, DM77/87SR474B (512 x 8) 4k-Bit 
Registered TTL PROM 

General Description 
The DM77 /87SR4 7 4 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-slave 
registers on-chip. This device is organized as 512 words by 
8-bits and is available in the TRI-STATE!!) output version. 
Designed to optimize system performance, this device also 
substantially reduces the cost and size of pipelined micro­
programmed systems and other designs wherein accessed 
PROM data is temporarily stored in a register. The 
DM77 /87SR4 7 4 also offers maximal flexibility for memory 
expansion and data bus control by providing both synchro­
nous and asynchronous output enables. All outputs will go 
into the "OFF" state if the synchronous chip enable (GS) is 
high before the rising edge of the clock, or if the asynchro­
nous chip enable (G) is held high. The outputs are enabled 
when GS is brought low before the rising edge of the clock 
and G is held low. The GS flip-flop is designed to power up 
to the "OFF" state with the application of Vee. 

Data is read from the PROM by first applying an address to 
inputs AO-A8. During the setup time the output of the array 
is loaded into the master flip-flop of the data register. During 
the rising edge (low to high transition) of the clock, the data 
is then transferred to the slave of the flip-flop and will ap­
pear on the output if the output is enabled. Following the 
rising edge clock transition the addresses and synchronous 
chip enable can be removed and the output data will remain 
stable. 

Connection Diagram 

A7 - 1. 

A6 - 2 

As- 3 

A4 - 4 

A3 - 5 

The DM77/87SR474 also features an initialize function, 
INIT. The initialize function provides the user with an extra 
word of programmable memory which is accessed with sin­
gle pin control by applying a low on INIT. The initialize func­
tion is synchronous and is loaded into the output register on 
the next rising edge of the clock. The unprogrammed state 
of the INIT is all lows, providing a CLEAR function when not 
programmed. 

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

Features 
• On-chip, edge-triggered registers 
• Synchronous and asynchronous enables for word 

expansion 

• Programmable synchronous register INITIALIZE 

• 24-pin, 300 mil thin-dip package 
• 35 ns address setup and 20 ns clock to output for max-

imum system speed 

• Highly reliable, titanium tungsten fuses 

• TRI-ST ATE outputs 
• Low voltage TRI-SAFETM programming 
• All parameters guaranteed over temperature 
• Pinout compatible with DM77SR181 (1k x 8) Registered 

PROM for future expansion 

24 I-- vcc 
23 I-- A8 

22 I-- NC 

21 I-- G 
20 - IN IT (CLR) 

A2 - 6 DM77SR474 19 -GS 
Al- 7 18 - CK 

AO- 8 17 I-- 07 

00- 9 16 I-- 06 

01- 10 15 -05 

02 - 11 14 -04 

GND - 12 13 -03 

TL/L/9201-2 
Top View 

Order Number DM77SR474J, DM87SR474J, DM87SR474N, 
DM77SR474BJ, DM87~R474BJ, DM87SR474BN, 

DM87SR474Vor DM87SR474BV 
See NS Package Number J24F, N24C or V28A 
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DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM77SR474 DM87SR474 

Units 
Min Typ Max Min Typ Max 

III Input load Current Vcc = Max, VIN = 0.45V -80 -250 -80 -250 p,A 

IIH Input leakage Current Vcc = Max, VIN = 2.7V 25 25 p,A 

VCC = Max, VIN = 5.5V 1.0 1.0 mA 

VOL low level Output Voltage Vcc = Min, 10l = 16 mA 0.35 0.50 0.35 0.45 V 

VIL low level Input Voltage 0.80 0.80 V 

VIH High level Input Voltage 2.0 2.0 V 

loz Output leakage Current Vcc = Max, VCEX = 2.4V 50 50 p,A 

Vc Input Clamp Voltage Vcc = Min, liN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vcc = 5.0, VIN = 2.0V 
4.0 4.0 pF 

TA = 25°C, 1 MHz 

Co Output Capacitance Vcc = 5.0V, Vo = 2.0V 
6.0 6.0 pF 

TA = 25°C, 1 MHz, Outputs Off 

Icc Power Supply Current Vcc = Max, Inputs Grounded 
135 185 135 185 mA 

All Outputs Open 

TRI-STATE Parameters 

los Short Circuit Vo = OV, Vcc .,;, Max 
-20 -70 -20 -70 mA 

Output Current (Note 2) 

10Z Output leakage Vcc = Max, Vo = 0.45V to 2.4V 
-50 +50 -50 +50 p,A 

(TRI-ST ATE) Chip Disabled 

VOH Output Voltage High 10H = -2.0mA 2.4 3.2 V 

10H = - 6.5mA 2.4 3.2 V 

Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for V cc = 5.0V and T A = 25°C. 

Note 2: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Switching Characteristics 

Symbol Parameter 
DM77SR474 DM87SR474 

Units 
Min Typ Max Min Typ Max 

tS(A) Address to ClK (High) I SR474 55 20 50 20 
Setup Time I 

ns 
SR4748 40 20 35 20 

tH(A) Address to elK (High) Hold Time 0 -5 0 -5 ns 

tS(iNi'f) INIT to ClK (High) Setup Time 30 20 25 20 ns 

tH(INIT) INIT to elK (High) Hold Time 0 -5 0 -5 ns 

tpHl(CLK) Delay from ClK (High) I SR474 15 30 15 27 

tpLH(CLK) to Output (High or low) I 
ns 

SR4748 15 25 15 20 

tWH(CLK) elK Width (High or low) 
25 13 20 13 ns 

tWL(CLK) 

tS(GS) GS to elK (High) Setup Time 10 0 10 0 ns 

tH(GS) GS to ClK (High) Hold Time 5 0 5 0 ns 

tpZL(CLK) Delay from ClK (High) 
.20 35 20 30 ns 

tpZH(CLK) to Output Active (High or low) 

tPZL(G) Delay from G (low) 
15 30 15 25 ns 

tpZH(IT) to Output Active (High or low) 

tpLZ(CLK) Delay from ClK (High) 
20 35 20 30 ns 

tpHZ(CLK) to Output Inactive (TRI-STATE) 

tpLZ(G) Delay from G (low) 
15 30 15 25 ns 

tpHZ(G) to Output Inactive (TRI-STATE) 
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DM77/87SR476, DM77/87SR25, DM77/87SR476B, 
DM77/87SR25B (512 X 8) 4k-Bit Registered TTL PROM 
General Description 
The DM77/87SR476 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-slave 
registers on-chip. This device is organized as 512 words by 
8-bits and is available in the TRI-STATE® output version. 
Designed to optimize system performance, this device also 
substantially reduces the cost and size of pipelined micro­
programmed systems and other designs wherein accessed 
PROM data is temporarily stored in a register. The 
DM77/87SR476 also offers maximal flexibility for memory 
expansion and data bus control by providing both synchro­
nous and asynchronous output enables. All outputs will go 
into the "OFF" state if the synchronous chip enable (GS) is 
high before the rising edge of the clock, or if the asynchro­
nous chip enable (G) is held high. The outputs are enabled 
when GS is brought low before the rising edge of the clock 
and G is held low. The GS flip-flop is designed to power up 
to the "OFF" state with the application of Vee . 

Data is read from the PROM by first applying an address to 
inputs AO-A8. During the setup time the output of the array 
is loaded into the master flip-flop of the data register. During 
the rising edge (low to high transition) of the clock, the data 
is then transferred to the slave of the flip-flop and will ap­
pear on the output if the output is enabled. Following the 
rising edge clock transition the addresses and synchronous 
chip enable can be removed and the output data will remain 
stable. 

The DM77SR476 also features an initialize function, INIT. 
The initialize function provides the user with an extra word 

Block and Connection Diagrams 

/NiT -~------' 
PS--t>-------i 

elK --t>..-------i 

84 WORD x 84 BIT 
PROGRAMMABLE FUSE ARRAY 

8·BIT EDGE·TRIGGERED REGISTER 

of programmable memory which is accessed with single pin 
control by applying a low on INIT. The initialize function is 
asynchronous and is loaded into the output register when 
INIT is brought low. The unprogrammed state of the INIT is 
all lows, which makes it compatible with the CLEAR function 
on the AM27S25. PS loads ones into the output registers 
when brought low. 

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

Features 
• Functionally compatible with AM27S25 
• On-chip, edge-triggered registers 
• Synchronous and asynchronous enables for word ex-

pansion 
• Programmable asynchronous INITIALIZE (SR476 only) 
• 24-pin, 300 mil thin-dip package 
• 35 ns address setup and 20 ns clock to output for max-

imum system speed 
• Highly reliable, titanium tungsten fuses 
• TRI-STATE outputs 
• Low voltage TRI-SAFETM programming 
• All parameter's guaranteed over temperature 

• Preset input 

A1 Vee 

A6 A8 
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A3 lNIT* 
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A1 elK 
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OD 06 

01 05 

02 04 
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TL/L/9202-2 

Top View 

°CCFi only on DM77/87SR25 

14 05 08 07 

Order Number DM77/87SR476J, 
SR25J, SR476BJ, SR25B, 

DM87SR476N, SR25N,SR476BN, 
SR25BN, DM87SR476V, SR25V, 

SR476BV or SR25BV 
TL/Ll9202-1 
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DC Electrical Characteristics (Note 1) 

DM77SR476,4768 DM87SR476,4768 

Symbol Parameter Conditions DM77SR25, 258 DM87SR25, 258 Units 
Min Typ Max Min Typ Max 

IlL Input load Current Vcc = Max, VIN = 0.45V -80 -250 --80 -250 /-LA 

IIH Input leakage Current Vcc = Max, VIN = 2.7V 25 25 /-LA --
Vcc = Max, VIN = 5.5V 1.0 1.0 rnA 

VOL low level Output Voltage Vcc = Min,lOL = 16 rnA 0.35 0.50 0.35 0.45 V --
VIL low level Input Voltage 0.80 0.80 V 

VIH High level Input Voltage 2.0 2.0 V 

loz Output leakage Current Vcc = Max, VCEX = 2.4V 50 50 /-LA 

Vc Input Clamp Voltage Vcc = Min,IIN = -18 rnA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vcc = 5.0, VIN = 2.0V 4.0 4.0 pF 
TA = 25°C, 1 MHz 

Co Output Capacitance Vcc = 5.0V, Vo = 2.0V 6.0 6.0 pF 
T A = 25°C, 1 MHz, Outputs Off 

Icc Power Supply Current Vcc = Max, Input Grounded 135 185 135 185 rnA 
All Outputs Open 

TRI-STATE Parameters 

los Short Circuit Vo = OV, VCC = Max -20 -70 -20 -70 rnA 
Output Current (Note 2) 

loz Output leakage Vcc = Max, Vo = 0.45V to 2.4V -50 +50 -50 +50 /-LA (TRI-ST ATE) Chip Disabled 

VOH Output Voltage High 10H = -2.0mA 2.4 3.2 V 

10H = - 6.5 rnA 2.4 3.2 V 

Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and TA = 25'C. 

Note 2: During los measurements, only one output at a time should be grounded. Permanent damage may otherwise result. 

Switching Characteristics 
DM77SR476,4768 DM87SR476,4768 

Symbol Parameter DM77SR25, 258 DM87SR25, 258 Units 

Min Typ Max Min Typ Max 

tS(A) Address to ClK (High) Setup Time I SR476, SR25 55 20 50 20 
ns I SR4768, SR258 40 20 35 20 

tH(A) Address to ClK (High) Hold Time 0 -5 0 -5 ns 

tpHL(CLK) Delay from ClK (High) to Output I SR476, SR25 15 30 15 27 
ns 

tpLH(CLK) (High or low) J SR4768, SR258 15 25 15 20 

tWH(CLK) ClK Width (High or low) 
25 13 20 13 ns 

tWL(CLK) 

tS(GS) GS to ClK (High) Setup Time 10 0 10 0 ns 

tH(GS) GS to ClK (High) Hold Time 5 0 5 0 ns 

tpLH(PS) Delay from PS (low) to Output (High) 20 40 20 30 ns 

tpLH(INln Delay from INIT (low) to Output (low or High) 
20 40 20 30 ns 

tpHL(iNi'f) 

tWL(PS) PS Pulse Width (low) 15 10 15 10 ns 

tWLciNiT) INIT Pulse Width (low) 15 10 15 10 

tS(PS) PS Recovery (High) to ClK (High) 25 10 20 10 ns 

tS(iNlf) INIT Recovery (High) to ClK (High) 25 10 20 10 ns 

tpZL(CLK) Delay from ClK (High) to Active Output (High or low) 
20 35 20 30 ns 

tpZH(CLK) 

tpZL(G) Delay from G (low) to Activ'e Output (High or low) 
15 30 15 25 ns 

tpZH(G) 

tpZL(CLK) Delay from ClK (High) to Inactive Output (TRI-STATE) 
20 35 20 30 ns 

tpHZ(CLK) 

tpZL(G) Delay from G (High) to Inactive Output (TRI-STATE) 
15 30 15 25 ns 

tpHZ(G) 
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DM77/87SR27, DM77/87SR27B 
(512 X 8) 4k-Bit Registered TTL PROM 
General Description 
The DM77 /87SR27 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-slave 
registers on-chip. This device is organized as 512 words by 
8 bits and is available in the TRI-STATE® output version. 
Designed to optimize system performance, this device also 
substantially reduces the cost and size of pipelined micro­
programmed systems and other designs wherein accessed 
PROM data is temporarily stored in a register. The 
DM77 /87SR27 also offers maximal flexibility for memory 
expansion and data bus control by providing both synchro­
nous and asynchronous output enables. All outputs will go 
into the "OFF" state if the synchronous chip enable (GS) is 
high before the rising edge of the clock, or if the asynchro­
nous chip enable (G) is held high. The outputs are enabled 
when GS is brought low before the rising edge of the clock 
and G is held low. The GS flip-flop is designed to power up 
to the "OFF" state with the application of Vee. 

Data is read from the PROM by ,first applying an address to 
inputs AO-A8. During the setup time the output of the array 
is loaded into the master flip-flop of the data register. During 
the riSing edge (low to high transition) of the clock, the data 
is then transferred to the slave of the flip-flop and will ap­
pear on the output if the output is enabled. Following the 

Block and Connection Diagrams 
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rising edge clock transition the addresses and synchronous 
chip enable can be removed and the output data will remain 
stable. 

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

Features 
• Functionally compatible with Am27S27 
• On-chip, edge-triggered registers 
• Synchronous and asynchronous enables for word ex­

pansion 
• 22-pin 400-mil thin-DIP package 
• 35 ns address setup and 20 ns clock to output for max-

imum system speed 
• Highly reliable, titanium tungsten fuses 
• TRI-STATE outputs 
• Low voltage TRI-SAFETM programming 
• All parameters guaranteed over temperature 

06 D7 
TL/L/6686-1 

Dual-In-Llne Package 
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Top View 
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Order Number DM77/87SR27 J, 
DM77/87SR27BJ, DM87SR27N, 
DM87SR27BN, DM87SR27V or 

DM87SR27BV 
See NS Package Number J22A, 

N22AorV28A 
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Absolute Maximum Ratings Operating Conditions 
Specifications for Military/Aerospace products are not Supply Voltage (Vee> 
contained In this datasheet. Refer to the associated DM77SA27 4.5Vto 5.5V 
reliability electrical ~est specifications document. DM87SA27 4.75V to 5.25V 

Supply Voltage (Note 1) -0.5Vto +7.0V Ambient Temperature (T A) 

Input Voltage (Note 1) -1.2Vto +5.5V DM77SA27 - 55°C to + 125°C 

Output Voltage (Note 1) -0.5Vto +5.5V DM87SA27 O°Cto +70°C 

Storage Temperature - 65°C to + 150°C Logical '0' Input Voltage OVto 0.8V 

Lead Temperature (10 sec) 300°C Logical '1' Input Voltage 2.0Vto 5.5V 

ESD rating to be determined. 

Note: Absolute maximum ratings indicate limits beyond which permanent 
damage may occur. Continuous operation at these limits Is not intended; 
operations should be limited to those conditions specified under DC Electri-
cal Characteristics. 

DC Electrical Characteristics T A = 25°C, Vee = 5.0V, unless otherwise specified. 

Symbol Parameter Test Conditions 
DM77SR27 DM87SR27 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 p.A 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 p.A 

Vee = Max, VIN = 5.5V 1.0 1.0 rnA 

VOL Low Level Output Voltage Vee = Min,loL = 16 rnA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEX = 2.4V 50 50 p.A 

Ve Input Clamp Voltage Vee = Min, liN = -18 rnA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 
4.0 4.0 pF 

TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 
6.0 6.0 pF 

T A = 25°C, 1 MHz, Outputs Off 

Icc Power Supply Current Vee = Max, Inputs Grounded 
135 185 135 185 rnA 

All Outputs Open 

TRI-STATE Parameters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 rnA 
Output Current (Note 2) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V +50 +50 p.A 
(TAl-STATE) Chip Disabled -50 -50 p.A 

VOH Output Voltage High 10H = -2.0 rnA 2.4 3.2 V 

10H = - 6.5 rnA 2.4 3.2 V 

Note 1: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 
Note 2: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Switching Characteristics 

Symbol Parameter 
DM77SR27 DM87SR27 

Units 
Min Typ Max Min Typ Max 

tS(A) Address to ClK SR27 55 20 50 20 
(High) Setup Time 

ns 
SR278 40 20 35 20 

tH(~ Address to ClK (High) Hold Time 0 -5 0 -5 ns 

tpHL(CLK) Delay from ClK (High) SR27 15 30 15 27 

tpLH(CLK) to Output (High or low) 
ns 

SR278 15 25 15 20 

tWH(CLK) ClK Width (High or low) 
25 13 25 13 ns 

tWL(CLK) 

tS(GS) GS to ClK (High) Setup Time 10 0 10 0 ns 

tH(GS) GS to ClK (High) Hold Time 5 0 5 0 ns 

tpZL(CLK) Delay from ClK (High) 
20 35 20 30 ns 

tpZH(CLK) to Active Output (High or low) 

tpZL(G) Delay from G (low) 
15 30 15 25 ns 

tpZH(G) to Active Output (low or High) 

tpLZ(CLK) Delay from ClK (High) 
20 35 20 30 ns 

tpHZ(CLK) to Inactive Output (TRI-STATE) 

tpLZ(G) Delay from G (High) 
15 30 15 25 ns 

tpHZ(G) to Inactive Output (TRI-STATE) 

Programming Parameters Do not test or you may program the device 

Symbol Parameter 
Test 

Min 
Recommended 

Max Units 
Conditions Value 

VCCP Required VCC for Programming 10 10.5 11 V 

Iccp Icc During Programming VCC = 11V 750 mA 

Vop Required Output Voltage for Programming 10 10.5 11 V 

lop Output Current While Programming VOUT = 11V 20 mA 

IRR Rate of Voltage Change of VCC or Output 1 10 V/p,s 

PWE Programming Pulse Width (Enabled) 9 10 11 p,s 

VCCVL Required low VCC for Verification 3.8 4 4.2 V 

VCCVH Required High VCC for Verification 5.8 6 6.2 V 

Moc Maximum Duty Cycle for VCC at VCCP 25 25 % 
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~ DM77/87SR 183 (1 k X 8) 8k-Bit 
Registered TTL PROM 

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

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

Block and Connection Diagrams 
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128 WORD x 64 BIT 
PROGRAMMABLE FUSE ARRAY 

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

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

Features 
• Functionally compatible with AM27S35 
• On-chip, edge-triggered registers 
• Synchronous and asynchronous enables for word 

expansion 

• 24-pin, 300 mil thin-dip package 
• 35 ns address setup and 20 ns clock to output for 

maximum system speed 

• Highly reliable, titanium tungsten fuses 
• TRI-STATE outputs 
• Low voltage TRI-SAFETM programming 
• All parameters guaranteed over temperature 

TL/L/8351-1 
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Top View 

Order Number DM77/87SR183J, 
DM77 187SR 183BJ, DM87SR 183N, 

DM87SR183BN, DM87SR183V 
or DM87SR183BV 

See NS Package J24F, 
N24Cor V28A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Specifications for Military/Aerospace products are not Min Max Units 
contained In this datasheet. Refer to the associated Supply Voltage (Vce) 
reliability electrical test specifications document. DM77SR183, DM77SR1838 4.50 5.50 V 
Supply Voltage (Note 2) -0.5 to + 7.0V DM87SR183, DM87SR1838 4.75 5.25 V 

Input Voltage (Note 2) -1.2 to +5.5V Ambient Temperature (T A) 

Output Voltage (Note 2) - 0.5 to + 5.5V DM77SR183, DM77SR1838 -55 +125 ·C 

Storage Temperature -65· to + 150·C DM87SR183, DM87SR1838 0 +70 ·C 

Lead Temperature (10 seconds) 300·C Logical "0" Input Voltage 0 0.8 V 
Logical "1" Input Voltage 2.0 5.5 V 

DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 
DM77SR183, 1838 DM87SR183, 1838 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vcc=Max., VIN=0.45V -80 -250 -80 -250 p.A 

IIH Input Leakage Current 
Vcc=Max., VIN=2.7V 25 25 p.A 

Vcc=Max .• VIN=5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vcc=Min., 10L =16 mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vcc=Max., VCEX= 2.4V 50 50 p.A 

Vc Input Clamp Voltage Vcc=Min., IIN= -18 mA -0.8 -1.2 -0.8 -1.2 V 

C1 Input Capacitance 
Vcc=5.OV, VIN=2.0V 

4.0 4.0 pF 
TA=25·C,1 MHz 

Co Output Capacitance 
Vcc=5.OV, Vo=2.0V 

6.0 6.0 pF 
T A = 25·C, 1 MHz, Outputs Off 

Icc Power Supply Current 
Vcc = Max., Inputs Grounded 

135 185 135 185 mA 
All Outputs Open 

TRI·STATE Parameters 

lOS 
Short Circuit Vo=OV, Vcc=Max. 

-20 -70 -20 -70 mA 
Output Current (Note 4) 

loz 
Output Leakage Vcc= Max., Vo=0.45 to 2.4V 

-50 +50 -50 +50 p.A 
(TRI-STATE) Chip Disabled 

VOH Output Voltage High 
10H= -2.0mA 2.4 3.2 V 

IOH=-6.5mA 2.4 3.2 V 
Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and T A = 25°C. 

Note 4: During lOS measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

I 
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Switching Characteristics 

Symbol Parameter 
DM77SR183, 1838 DM87SR183,1838 

Units 
Min Typ Max Min Typ Max 

tS(A) Address to ClK (High) Setup Time 
I SR183 45 20 40 20 

I SR1838 
ns 

40 20 35 20 

tH(A) Address to ClK (High) Hold Time 0 -5 0 -5 ns 

tpHL(CLK) Delay from ClK (High) to Output I SR183 15 30 15 25 
ns 

tpLH(CLK) (High or low) I SR1838 15 25 15 20 

tWH(CLK) 
tWL(CLK) 

ClK Width (High or low) 20 10 15 10 ns 

tS(GS) GS to ClK (High) Setup Time 15 0 15 0 ns 

tH(GS) GS to ClK (High) Hold Time 5 0 5 0 ns 

tpLH(INIT) Delay from INIT (low) to Output (low or High) 
tpHL(iNi'f} 

20 35 20 30 ns 

tWL(iNi'f} INIT Pulse Width (low) 30 10 25 10 ns 

tS(iNi'f} INIT Recovery (High) to ClK (High) 20 10 20 10 ns 

tpZL(CLK) Delay from ClK (High) to Active Output (High or low) 20 
tpZH(CLK) 

35 20 30 ns 

tpZL(G) 
tpZH(G) 

Delay from G (low) to Active Output (low or High) 20 35 20 30 ns 

tpLZ(CLK) Delay from ClK (High) to Inactive Output (TRI-STATE) 20 35 20 30 ns 
tpHZ(CLK) 

tpLZ(G) Delay from G (High) to Inactive Output (TRI-STATE) 20 35 20 30 ns 
tpHZ(G) 

Programming Parameters Do not test or you may program the device. 

Symbol Parameter Conditions Min 
Recommended 

Max Units 
Value 

Vccp Required VCC for Programming 10 10.5 11 V 

Iccp Icc During Programming Vcc=11V 750 mA 

Vop 
Required Output Voltage 

10 10.5 11 V 
for Programming 

lOp Output Current while Programming Vour=11V 20 mA 

IRR 
Rate of Voltage Change of VCC 

1 10 V/p,s 
or Output 

PWE Programming Pulse Width (Enabled) 9 10 11 p,s 

Vccv Required VCC for Verification 
3.8 4 4.2 

V 
5.8 6 6.2 

Moc Maximum Duty Cycle for Vcc at Vccp 25 25 % 
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Key To Timing Diagram 

WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 

MUST BE W)LL BE ~ 
DON'T CARE: CHANGING: 

STEADY STEADY ANY CHANGE STATE 
PERMITTED UNKNOWN 

\lli. WILL BE m ffi DOES NOT 
CENTER LINE 

MAY CHANGE IS HIGH 
FROM H TO L CHANGING IMPEDANCE FROM H TO L APPLY 

"OFF" STATE 

1Dl MAY CHANGE WILL BE 
FROM LTD H CHANGING 

FROM L TO H TLlL/8351-4 
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DM77/87SR191, DM77/87SR193 
(2k X 8) 16k-Bit Registered TTL PROM 

General Description 
The DM77 /87SR191, DM77 /87SR193 is an electrically pro­
grammable Schottky TTL read-only memory with D-type, 
master-slave registers on-chip. This device is organized as 
2K words by 8-bits and is available in the TRI-STATEGD out­
put version. Designed to optimize system performance, this 
device also substantially reduces the cost and size of pipe­
lined microprogrammed systems and other designs wherein 
accessed PROM data is temporarily stored in a register. The 
DM77 /87SR191, DM77 /87SR193 also offers maximum 
flexibility for memory expansion and data bus control by pro­
viding either synchronous or asynchronous output enables. 
When using the asychronous chip select function, all out­
puts will go "OFF" when G is held high. The output will be 
enabled when G is held low. When architecturally pro­
grammed to synchronous chip select, all outputs will go 
"OFF" synchronous to the clock if GS is held high before 
the rising edge of the clock. The output will synchronously 
be enabled if held low before the rising' edge of the clock. 
The GS flip-flop is designed to power up to the "OFF" state 
with the application of Vee. 

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

The DM77SR191/DM77SR193 also features an initialize 
INIT. The initialize function provides the user with an extra 

Connection Diagram 

A7 - 1. 

A6 ~ 2 

A5 - 3 

A4 - 4 

A3 - 5 

Order Number DM77187SR191J, 
A2 - 6 

DM77/87SR193J, 
Al- 7 

DM77SR191N, AO - 8 

DM77SR193N, 00 - 9 

DM77SR191Vor 01- 10 

DM77SR193V 02- 11 
See NS Package J24F, GND - 12 

N24Cor V28A 

word of programmable memory which is accessed with sin­
gle pin control by applying a low on INIT. When using the 
asynchronous initialize SR193, the initialize word is loaded 
into the output register when INIT is brought low. With the 
synchronous initialize function of the SR191, the initialize 
word is loaded into the master flip-flop when INITs is 
brought low and appears on the output during the rising 
edge of the clock. The unprogrammed state of the initialize 
word is all lows. 

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

Features 
• SR191 functionally compatible with AM27S47, SR193 

compatible with AM27S45. 

• On-Chip, edge-triggered registers. 
• Architecturally programmable asynchronous/synchro­

nous chip select. 

• Single pin INITIALIZE either synchronous (DM77 / 
87SR191) or asynchronous (DM77/87SR193). 

• 24 pin, 300 mil thin-dip package. 
• 25 ns addresses setup and 15 ns clock to output for 

maximum system speed. 

• Highly reliable, titanium tungsten fuses. 

• TRI-STATE outputs. 
• Low voltage TRI-SAFETM programming. 
• All parameters guaranteed over temperature. 

24 I-- Vee 
23 - AS 

22 - Ag 

21 - Al0 

20 - TNil IINITS· 

19 ~ iilGs 

18 I-- elK 
17 ~ 07 

16 I-- 06 

15 -05 

14 '-- 04 

13 -03 

TL/l/5512-2 

Top View 
• ms only on DM77/87SR191 

1NIT only on DM77/87SR193 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Specifications for Military/Aerospace products are not Min Max Units 
contained In this data sheet. Refer to. the associated Supply Voltage (Vce> 
reliability electrical test specifications document. DM77SR191, DM77SR193 4.50 5.50 V 
Supply Voltage (Note 2) -0.5 to +7.0V DMB7SR191, DMB7SR193 4.75 5.25 V 

Input Voltage (Note 2) -1.2 to + 5.5V Ambient Temperature (T A) 

Output Voltage (Note 2) - 0.5 to + 5.5V DM77SR191, DM77SR193 -55 +125 °C 

Storage Temperature -65 to + 150°C DMB7SR191, DMB7SR193 0 +70 °C 

Lead Temperature (10 seconds) 300°C Logical "0" Input Voltage 0 O.B V 
Logical "1" Input Voltage 2.0 5.5 V 

DC Electrical Characteristics (Note 3) 

DM77SR191, DM87SR191, 

Symbol Parameter Conditions DM77SR193 DM87SR193 Units 

Min Typ Max Min Typ Max 

IlL Input Load Current Vcc=Max., VIN=0.45V -eo -250 -BO -250 p.A 

IIH Input Leakage Current 
Vcc=Max., VIN=2.7V 25 25 p.A 

Vcc=Max., VIN=5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vcc=Min., 10L = 16mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage O.BO O.BO V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vcc= Max., VCEX=2.4V 50 50 p.A 

Vc Input Clamp Voltage Vcc=Min., IIN= -1BmA -O.B -1.2 -0.8 -1.2 V 

CI Input Capacitance 
Vcc=5.0, VIN=2.0V 

4.0 4.0 pF 
TA=25°C,1MHz 

Co Output Capacitance 
Vcc=5.0V, Vo=2.0V 

6.0 6.0 pF 
T A = 25°C, 1 MHz, Outputs Off 

Icc Power Supply Current 
Vcc= Max., Inputs Grounded 

140 190 140 190 rnA 
All Outputs Open 

TRI·ST ATE Parameters 

los 
Short Circuit Vo=OV, Vcc=Max. 

-20 -70 -20 -70 rnA 
Output Current (Note 4) 

loz Output Leakage Vcc=Max., VO=0.45 to 2.4V -50 +50 -50 +50 p.A 
(TRI·STATE) Chip Disabled 

VOH Output Voltage High 
10H= -2.0mA 2.4 3.2 V 

10H= -6.5mA 2.4 3.2 V 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 
Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = S.OV and T A = 2SoC. 
Note 4: During lOS measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Switching Characteristics 
DM77SR191, DM87SR191, 

Symbol Parameter DM77SR193 DM87SR193 

Min Typ Max Min Typ Max 

ts(A) Address to ClK (High) Setup Time 35 20 25 20 

tH(A) Address to ClK (High) Hold Time 0 -5 0 -5 

tpHL(CLK) Delay from ClK (High) to Output (High or low) 10 20 10 15 
tpLH(CLK) 

tWH(CLK) ClK Width (High or low) 15 10 12 10 
tWL(CLK) 

tS(G5) GS to ClK (High) Setup Time (Note 5) 10 0 10 0 

tH(GS) GS to ClK (High) Time (Note 5) 5 0 5 0 

tpLH(INID Delay from INIT (low) to Output (low or High) (Note 8) 20 30 20 25 
tpHL(iNIT) 

tWL(lNif) INIT Pulse Width (low) (Note 8) 15 10 15 10 

tH(iNITS) INITS to ClK (High) Hold Time (Note 7) 0 -5 0 -5 

tS(iNIT5) INITS to ClK (High) Setup Time (Note 7) 30 20 25 20 

tS(iN1T) INIT Recovery (low or High) to ClK (High) (Note 8) 20 10 20 10 

tpZL(CLK) Delay from ClK (High) to Active Output (High or low) 
20 35 20 30 

tpZH(CLK) (Note 5) 

tPZL(G) Delay from G (low) to Active Output (low or High) (Note 6) 15 30 15 25 
tpZH(G) 

tpLZ(CLK) Delay from ClK (High) to Inactive Output (TRI-STATE) 
20 35 20 30 

tpH~CLK~ (Note 5) 

tPLZ(G) Delay from G (High) to Inactive Output (TRI-STATE) (Note 6) 15 30 15 25 
tpHZ(G) 

Programming Parameters Do not test or you may program the device 

Symbol Parameter Conditions Min 
Recommended 

Max 
Value 

VCCP Required VCC for Programming 10 10.5 11 

IcCp Icc During Programming Vcc=11V 750 

Vop 
Required Output Voltage 

10 10.5 11 
for Programming 

lop Output Current while Programming VOUT=11V 20 

IRR 
Rate of Voltage Change of VCC 

1 10 
or Output 

PWE Programming Pulse Width (Enabled) 9 10 11 

Vccv Required VCC for Verification 
3.8 4 4.2 
5.8 6 6.2 

Moc Maximum Duty Cycle for Vcc at Vccp 25 25 

Note 5: Applies only when asynchronous ENABLE (GS) function is used 

Note 6: Applies only when synchronous ENABLE (<3) function is used 

Note 7: Applies to synchronous TJiITfS function DM77/875R191. 

Note 8: Applies to asynchronous lNif function DM77 /875R 193. 
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Switching Waveforms 
I- tH,A'·1 1- tS,A,·I--1 tHIAI 

Ao·AtO ----------------I--¥tfj 1 ~r,.....,.. ........ ........,...-r"ll""'lr"T"""------- ~.:V 

ts,C's'I--I-'"'~'_1 1-"''''1--1 tHIIlSI 3V 

~ ---t~~'-'-'I/I='-I .. tH-'GS'.jr"T"'\\\\, I tlh.1 I trr-JoZ-r-T/ /-rT'"I/T"r'I/zr----- ~~v 
__ I __ __ twllCLK) 

twLlCLKI twLICLKI t="""T-'T""t,...,I'""T'"T'T--------- 3V -------1.5V 
1 

~~~~~--------OV 
-tPHlICLK)-1 1- tPHZIIl'I-1 1- tPZHIIl) -l 

O Xr----rT""I I ) \ \ o.n EfE YoH 
QO·Q7 I 1 H-t----~t-I'_t<.I._ ___ ...LJL~ .... 7'""7~-~-~~ - 1.5V 

. '1 10.5V I VOL :~ll:-l'- 1-If'LHICLKI- l-tPLZ11l'1- -tpzLlIr) -I 
I f l. 3V 

l! -I -tSIINIT) \' ..... _-_-_-_-_-_-_-_-~:V 

~ .. m-"'--------------~.~V 
tSlmrTS')-1 --,t,:.:;HI_iHifS_T;,..) _________________________________ :~ 

INITS ----------------------------------1.5V 
------------------------------------OV 

Key To Timing Diagram 
WAVEFORM INPUTS 

lUJ 
ACTest Load 

MUST BE 
STEADY 

MAY CHANGE 
FROM H TO L 

MAY CHANGE 
FROM LTD H 

OUTPUTS 

WILL BE 
STEADY 

WAVEFORM INPUTS 

~ON'T CARE: 
ANY CHANGE 
PERMITTED 

CHANGING DOES NOT WILL BE ID ffi 
FROM H TO L APPLY 

WILL BE 
CHANGING 
FROM LTD H 
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5,OV 

RLl =300Q 

OUTPUTS 

CHANGING: 
STATE 
UNKNOWN 

CENTER LINE 
IS HIGH 
IMPEDANCE 
"OFF" STATE 

TLlL/5512-7 

TL/L/5512-3 

TL/Ll5512-4 
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Block Diagram 

iiiiTIiNlTs;"· -"D~""---"" 

eLK --I::~P------.I 

*iNi'fS only on DM77/87SR191 

INIT only on DM77/87SR193 

00 
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05 06 
TL/L/5512~1 



~--------------------------------------------------------------~m 

~
NatiOnal 
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Corporation 

Bipolar PROM Devices in Plastic 
Leaded Chip Carriers (PLCC) 

Introduction of Surface Mount 
Technology 
Recent years have seen rapid advances in microcircuit 
technology. The integrated circuits of the 1980's are more 
complex than the circuit boards of the 1960's. It is evident 
that the next decade will bring demands for packages with 
higher lead counts and closer lead spacing, both to support 
the greater system density sought by designers. 

National Semiconductor Corporation is committed to sur­
face mount devices, for they provide the most practical so­
lution to these needs. Geared to development of high-com­
plexity semiconductor chips National has placed great em­
phasis on package development and introducing plastic 
leaded chip carriers with various number of leads as surface 
mounted components. 

Features of Surface Mount Devices 
Surface mount devices have additional features compared 
to molded Dual-In-Line Packages (DIP): 

1. Compact design that saves space during assembly. 

2. Mounting on both sides of the substrate. 

3. Easier handling and excellent reliability. 

4. Automation of the assembly process. 

5. Lower board manufacturing costs. 

6. Improved operating speed. 

7. Increased board density and reduced weight. 

Applications 
Surface mount devices can be used where substrate size, 
as well as weight and thickness are limited. The surface 
mount device can also be used in areas where conventional 
packages cannot be used. Areas of application include; por­
table video cassette recorders, video cameras, hand-held 
computers, personal computers, electronic toys, car elec­
tronics, cameras, telephones, and various telecommunica­
tion equipment. 

Products in PLCC 
National Semiconductor has a broad Family of high per­
formance PROMs. All the PAL and PROM products present­
ly offered in DIP packages will now be available in the PLCC 
(plastic leaded chip carrier) package including the 15 ns in­
dustries fastest PAL. 

Advantages of PLCC 
1. Permits automated assembly. 

2. Lower manufacturing costs. 

3. Smaller PCC size, reduces board density and weight. 

4. Lower noise and improved frequency response resulting 
from shorter circuit paths. Automated assembly ensures 
accurate component placement which improves reliabil­
ity and provides more consistent product quality. 

Additional Information 
National Semiconductor offers a variety of technical briefs 
covering surface mount topics. These include: 

STARTM Tape-and-Reel Shipping System 
Order Number 113635 

Getting Started in Surface Mount (Equipment Suppliers) 
Order Number 570435 

A Basic Guide to Surface Mounting of Electronic 
Components 

Order Number 113615 

Reliability Report: Small Outline Packages 
Order Number 570430 

Reliability Report: Plastic Chip Carrier 
Order Number 980040 

Surface Mount Technology Notebook 
Order Number 980020 

Plastic Chip Carrier Technology 
Order Number 113295 
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6 
g Connection Diagrams 
D. -fD 
I- Plastic Chip Carrier (PLCC) Plastic Chip Carrier (PLCC) 
Go) 
0': 
I-as 
o 
c. 
:c 
o 
"ts 
CD 

"ts as 
CD 
..J 
U 
;; 
fD as 
a:: 
05 
fD 
Go) 
u 
°t 
c 
:::E o 
II: 
D. 
I­as 
"0 c. 
i:D 

PROM 

Note: 01 = DIP Pin 1 

Top View 

ORDERING INFORMATION 
Example: 

TL/L/9261-1 

.--------National's PROM Family Designator 

r------Generlc Programming Family 
74. 87 Commercial 

54, 77 MILITARY 

.------Output Type 
S=Schottky 
LS=Low Power Schottky 
SR=Shadow Registered 

r---- Unique 3 Digit Part Number 

Performance Level 
Speed Range 

No Deslgnator=Standard Speed 
A=Enhanced 
B=Super Enhanced 

1 
Package 

N=Plastic DIP 
J=Ceramlc DIP 
V=Plastic Leaded Chip Carrier (PCC) 

OM 74 S 188 A V 
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Top View 

TL/L/9261-3 

TL/U9261-2 

01 = DIP Pin 1 

NC = No Connect 



PROM 

Device 

DM74S1880C 
DM74S288 TS 

PL87X288 TS 

DM74S287TS 
DM74S3870C 

DM74S5700C 
DM74S571 TS 

DM74LS471 TS 

DM74S5720C 
DM74S573TS 

DM74S472TS 
DM74S4730C 

DM87S1840C 
DM87S185 TS 

512X8 745472,745473 

Size 
(Bits) 

256 

256 

1K 

2K 

2K 

4K 

4K 

8K 

Configuration 

32 x 8 

32 x 8 

256 x 4 

512 x 4 

256 X 8 

1,024 X 4 

512 X 8 

2048 X 4 

"For 87 x 288, outputs are numbered 00 through 07 

Serles-20 Selection Chart 

TAA (max) In ns 

STD A-Series 8-Serles 

35 

50 

55 
55 

60 

60 
60 

60 
55 

55 
55 

25 

30 

45 
45 

45 
45 

45 
45 

45 
45 

Top View 

Serles-24 Selection Chart 

15 

35 

35 

35 

35 

Device 
Size 

(Bits) 
Configuration 

TAA (max) In ns 

DM74S474 TS 
DM74S4750C 

DM87SR474 REG 
DM87SR476 REG 

DM87S1800C 
DM87S181 TS 
DM87LS181 TS 
DM87SR181 REG 
DM87SR183 REG 

DM87S1900C 
DM87S191 TS 
DM87SR191 REG 
DM87SR193 REG 

DM87S321 TS 

"setup time 

4K 512 X 8 

4K 512 X 8 

8K 1024 X 8 

16K 2048 X 8 

32K 4096 X 8 

STD 

65 

50* 

55 
55 
120 
40· 
40* 

65 
65 
25· 
25* 

55 
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A-Series 8-Serles 

45 

45 

35· 

45 
45 

35 

35* 

35 

ICC 
max 

In rnA 

110 

140 

130 

130 

100 

140 
140 

155 
155 

140 
140 

ICC 
max 

in rnA 

170 

170 

170 

175 

185 

DIP 
pins 

16 

16 

16 

16 

20 

18 
18 

20 
20 

18 
18 

DIP 
pins 

24 

24 

24 

24 

24 

PCC 
pins 

20 

PCC 
pins 

28 

m 
-6° 
o 
Dr 
~ 

"'D 
:D 
o 
~ 
o 
CD 
< C;o 
CD rn 
So 
"'D 
Dr rn -C;o 

r­
C'D 
I» 
C. 
C'D 
C. 
o 
:::r' 
-6° 
o 
I» 
~ 
~ 
CDo 

Ul 
-:a 
r­
o 
o -



0-
o 
-I e:-
rn a-
CD . .: 
a­
m 
o 
D­
E o 
"C 
CD 

"C 
m 
CD 
-I 
(.) 
:;; 
rn 
m 
D: 
.5 
U) 
CD 
U .s; 
CD 
c 
:e o 
a: 
a.. 
a­
m 
"0 
D-
iii 

4KX8 

2KX8 

1KX8 

512X8 

2KX8 

2KX8 

1KX8 

512X8 

512X8 

Plastic Chip Carrier 

87S321 / 
8"190.875191 / / ~ 

87S180,87S181,87lS181 / / / Ag 

7 .... 7 •• 740475 / / / / As .. ., NO Vee As NO ~ 
--------------------////1' 1I101I10§l§l1ill 'l 

A4 ill ~[1 [1 A10 A10 

A3 tIl ~ ~ [2 E2 El [1 

W A21 [El ~ [3 [3 [2 All 
I m All 28 PIN PKG rm ~ [4 [4 [3 [2 

Ao IT] ~ NC [ill ~ 
NC I ~ ~ ~ Os 

01ffi] ~07 

-~;-~; ~Nii ~c~;- ~5 - 06-~ ~1i!I@1~@1@1@l@1~ 

TL/L 19261-6 

FIGURE 5. Bipolar PROM Pinout 

Plastic Chip Carrier 

77SR193 / Vee As Ag 

77SR191 // Vee As Ag 

8750181.8750183 / / / Va: A. .. ~ 
77SR476 / / L L . Vee As PS 

71S0mV / / / / A, .. ., NO Va: A. NO~ 
--------------------/////( 1Il0II1 O§l§lIill\ 

A4iI/ ~. G G G A10 A10 

tIl A3 : ~ : INIT INITs INIT 

ITJ A2 : [El 'Gs 
• Gs GIGs GIGs Gs 

IT] AI: 28 PIN PKG rm • ClK 

Ao I IT] [ill INC 

NC ~ [ill 107 

00 ill] [If!. 06 

01 02 GND NC 03 04 Os ~~@1~@1@1@l@1~ 

NC = NO CONNECTION TLlL/9261-7 

FIGURE 6. Bipolar Registered PROM Pinout 
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Programming Support 
PROM devices may be programmed with hardware and 
software readily available in the market. Most programmer 
manufacturers will offer a PCC adapter which will fit in exist­
ing equipment. For the availability of PCC adapter please 
check with your programmer manufacturer. 
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Programming Equipment 
1. Data I/O 

2. Structured Design 

3. Stag 

4. Dig Elec 

5. Kontron 

6. Prolog 

7. Citel 
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Non-Registered PROM Programming Procedure 

National Schottky PROMs are shipped from the factory with 
all fuses intact. As a result, the outputs will be low (logical 
"0") for all addresses. To generate high (logical "1 ") levels 
at the outputs, the device must be programmed. Information 
regarding commercially available programming equipment 
may be obtained from National. If it is desired to build your 
own programmer, the following conditions must be ob­
served: 

1. Programming should be attempted only at ambient tem­
peratures between 15'C and 30'C. 

2. Address and Enable inputs must be driven with TTL logic 
levels during programming and verification. 

3. Programming will occur at the selected address when 
Vee is at 10.5V, and at the selected bit location when the 
output pin, representing that bit, is at 10.5V, and the de­
vice is subsequently enabled. To achieve these condi­
tions in the appropriate sequence, the following proce­
dure must be followed: 

a) Select the desired word by applying high or low levels 
to the appropriate address inputs. Disable the device 
by applying a high level to one or more "active low" 
chip enable inputs. 

b) Increase Vee from nominal to 10.5V (±0.5V) with a 
slew rate between 1.0 and 10.0 V I p.s. Since Vee is the 
source of the current required to program the fuse as 
well as the Icc for the device at the programming volt­
age, it must be capable of supplying 750 mA at 11.0V. 

c) Select the output where a logical high is desired by 
raising that output voltage to 10.5V (± 0.5V). Limit the 
slew rate from 1.0 to 10.0 V I p.s. This voltage change 
may occur simultaneously with the increase in Vee, but 
must not precede it. It is critical that only one output at 
a time be programmed since the internal circuits can 
only supply programming current to one bit at a time. 
Outputs not being programmed must be left open or 
connected to a high impedance source of 20 kO mini­
mum. (Remember that the outputs of the device are 
disabled at this time). 
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d) Enable the device by taking the chip enable(s) to a low 
level. This is done with a pulse of 10 p.s. The 10 P.s 
duration refers to the time that the circuit (device) is 
enabled. Normal input levels are used and rise and fall 
times are not critical. 

e) Verify that the bit has been programmed by first remov­
ing the programming voltage from the output and then 
reducing Vee to 4.0V (±O.2V) for one verification and 
to 6.0V (±0.2V) for a second verification. Verification 
at Vee levels of 4.0V and 6.0V will guarantee proper 
output states over the Vee and temperature range of 
the programmed part. The device must be Enabled to 
sense the state of the outputs. During verification, the 
loading of the output must be within specified IOL and 
IOH limits. Steps b, c, and d must be repeated up to 10 
times or until verification that the bit has been pro­
grammed. 

f) Following verification, apply five additional program­
ming pulses to the bit being programmed. The program­
ming procedure is now complete for the selected bit. 

g) Repeat steps a through f for each bit to be pro­
grammed to a high level. If the procedure is performed 
on an automatic programmer, the duty cycle of Vee at 
the programming voltage must be limited to a maxi­
mum of 25%. This is necessary to minimize device 
junction temperatures. After all selected bits are pro­
grammed, the entire contents of the memory should be 
verified. 

Note: Since only an enabled device is programmed, it is possible to program 
these parts at the board level if all programming parameters are com­
plied with. 



Programming Parameters Do not test or you may program the device 

Recommended 
Symbol Parameters Conditions Min Max 

Value 

Vccp Required Vcc for Programming 10.0 10.5 11.0 

Iccp Icc during Programming Vcc = 11V 750 

VOP Required Output Voltage 
10.0 10.5 11.0 

for Programming 

lop Output Current while VOUT = 11V 20 
Programming 

IRR Rate of Voltage Change of 
1.0 10.0 

V cc or Output 

PWE Programming Pulse Width 
9 10 11 

(Enabled) 

VCCV Required Vcc for Verification 5.8 6.0 6.2 

Vccv Required Vcc for Verification 3.8 4.0 4.2 

Moc Maximum Duty Cycle for 
25 25 

VccatVccp 

Programming Waveforms Non·Registered PROM 
Tl = 100 ns Min. 

T 2 = 5 I£s Min. T2 may be > 0 if 
Vccp rises at the same rate or 
faster than (Vop) 

T3 = 100 ns Min. 

T4 = 100 ns Min. 

Ts = 100 ns Min. 

PWE is repeated for 5 additional 
pulses after verification of VOH indio 
cates a bit has been programmed. 

VIH~ C ADDRESS SELECTED ADDRESS STABLE 
INPUTS V1L • • 

Tl r­
Veep--~---....., 

Vee 5.0V~ I 
Veev .... ------

I- T2 -J I- T5 
PROGRAMMED Vop---IJ.-

OUTPUT ~OH 2?22222/22~'t 1zzzzZZJ::~ 
OL -t I-T 4 OUTPUT 
V

1H 
T3 I- I VERIfY 

ENABLE VI~ till 
PwE-I I-

NOTE: ENABLE WAVEFORM FOR AN ACTIVE LOW ENABLE. 

Units 

V 

rnA 

V 

rnA 

V/p.s 

p.s 

V 

V 

% 

SOME PROMS HAVE MORE THAN ONE CHIP ENABLE. 
HOLD ALL OTHER ENABLE(S) TO ACTIVE STATE(S). 

TLIOO/2S06-1 
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Registered PROM Programming Procedure 
National Schottky PROMs are shipped from the factory with 
all fuses intact. As a result, the outputs will be low (logical 
"0") for all addresses. To generate high (logical "1") levels 
at the outputs, the device must be programmed. Information 
regarding commercially available programming equipment 
may be obtained from National. If it is desired to build your 
own programmer, the following conditions must be ob-
~N~ . 

1. Programming should be attempted only at ambient tem-
peratures between 15·C and 30·C. . 

2. Address and Enable inputs must be driven with TTL logic 
levels during programming and verification. 

3. Programming will occur at the selected address when 
Vee is at 10.5V, and at the selected bit location when the 
output pin, representing that bit, is at 10.5V, and the de­
vice is subsequently enabled. To achieve these condi­
tions in the appropriate sequence, the following proce­
dure must be followed: 

a) Select the desired word by applying high or low levels 
to the appropriate address inputs. Disable the device 
by apE!ying a high level to asynchronous chip Enable 
input G. GS isheld low during the entire programming 
time. 

b) Increase Vee from nominal to 10.5V (±0.5V) with a 
slew rate between .1.0 and 10.0 V I J-Ls. Since Vee is the 
source of the current required to program the fuse as 
well as the lee for the device at the programming volt­
age, it must be capable of supplying 750 mA at 11V. 

c) Select the output where a logical high is desired by 
raising that output voltage to 10.5V (±0.5V). Limit the 
slew rate from 1.0 to 10.0 V / J-Ls. This voltage change 
may occur simultaneously with the increase in Vee, but 
must not precede it. It is critical that only one output at 
a time be programmed since the internal circuits can 
only supply programming current to one bit at a time. 
Outputs not being programmed must be left open or 
connected to a high impedance source of 20 kn mini-
mum. (Remember that the outputs of the device are 
disabled at this time). 
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d) Enable the device by taking the chip enable (G) to a 
low level. This is done with a pulse of 10 J-Ls. The 10 J-Ls 
duration refers to the time that the circuit (device) is 
enabled. Normal input levels are used and rise and fall 
times are not critical. 

e) Verify that the bit has been programmed by first remov­
ing the programming voltage from the output and then 
reducing Vee to 4.0V (±0.2V) for one verification and 
to 6.0V (±0.2V) for a second verification. Verification 
at Vee levels of 4.0V and 6.0V will guarantee proper 
output states over the Vee and temperature range of 
the programmed part. Each data verification must be 
preceded by a positive going (low to high) clock edge 
to load the data from the array into the output register. 
The device must be Enabled to sense the state of the 
outputs. During verification, the loading of the output 
must be within specified IOL and IOH limits. Steps b, c, 
and d must be repeated up to 10 times or until verifica­
tion that the bit has been programmed. 

f) The initialize word is programmed by setting INIT input 
to a logic low and programming the initialize word out­
put by output in the same manner as any other address. 
This can be accomplished by inverting the A9 address 
input from the PROM programmer and applying it to the 
INIT input. Using this method, the initialize word will 
program at address 512. 

g) Following verification, apply five additional program­
ming pulses to the bit being programmed. The pro­
gramming procedure is now complete for the selected 
bit. 

h) Repeat steps a through f for each bit to be pro­
grammed to a high level. If the procedure is performed 
on an automatic programmer, the duty cycle of Vee at 
the programming voltage must be limited to a maxi­
mum of 25%. This is necessary to minimize device 
junction temperatures. After all selected bits are pro­
grammed, the entire contents of the memory should be 
verified. 



Programming Parameters Do not test or you may program the device 

Symbol Parameters Conditions Min 
Recommended 

Value 

Vccp Required Vec for Programming 10.0 10.5 

Iccp Icc during Programming Vcc = 11V 

Vop Required Output Voltage 
10.0 10.5 

for Programming 

lop Output Current while VOUT = 11V 
Programming 

IRR Rate of Voltage Change of 
1.0 

V cc or Output 

PWE Programming Pulse Width 
9 10 

(Enabled) 

VCCVH Required High Vcc for Verification 5.8 6.0 

VCCVL Required Low Vcc for Verification 3.8 4.0 

Moc Maximum Duty Cycle for 
25 

Vccat Vccp 

Programming Waveforms Registered PROM 

ADDRESS V. ~ SELECTED ADDRESS STABLE x::: INPUTS V1l 

T1~ 
I VCC S OV VCCP--

v' ?/II/?/j 

PROGRAMMED 

COl I:: T2 -j I- TS 

OUTPUT ~~ ;ZIa?l22j :j ~u;;!?I22222' 
G 

V T3 I- VERIFY 
IH l!I/ 

ENABLE V1l 
PWE -l I- -j T6 [-

ClK n CLOCK 
TL/OO/2S0S-2 

Tl = 100 ns Min. 

T2 = 5 jJ.s Min. (T2 may be> 0 if VCCP rises at the same rate or faster than Vop.) 

T3 = 100 ns Min. 

T4 = 100 ns Min. 

Ts = 100 ns Min. 

Ts = 50 ns Min. 
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Max 

11.0 

750 

11.0 

20 

10.0 

11 

6.2 

4.2 

25 

Units 

V 

mA 

V 

mA 

V/p,s 

p,s 

V 

V 

% 

:tJ 
CD 

CD 
iii' -CD ... 
CD a. 
"'a 
:tJ o 
== "'a a 

CD ... 
D) 

3 
3 
S· 

CD 

"'a ... 
o 
n 
CD a. 
c 
C;; 
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Standard Test Loads 
Non-Registered PROMs 

Vee 

~
1 

OUTPUT TEST POINT 

R2 
C=30pF' 

":"GRD 

Switching Time Waveforms 
Non-Registered PROM 

3.0V 7777V 
ADDRESS ov.tiLU\ VALID 

TL/00/2S06-3 

1== TAA =1 
TZX ~~"----I--TXz-::r 

TEA --l t: TER-J 
30V---,", ,--------- .. 1.,.--;""-

OUTPUT 

ENABLE ·OV. _____ .. X X., _______ • 
TL/00/2S06-4 

Registered PROMs 

Vee 

RLI =300.n 

'Device input waveform characteristics are; 
Repetition rate = 1 MHz 
Source impedance = son 
Rise and Fall times = 2.5 ns max. 
(1.0 to 2.0 volt levels) 

'TAA is measured with stable enable inputs. 

TL/00/2S06-8 

'TEA and TER are measured from the 1.5 volt level on inputs and outputs 
with all address and enable inputs stable at applicable levels. 

'For IOL = 16 mA, Rl = 300n and R2 = 600n 
'for IOL = 12 mA, Rl = 400n and R2 = 800n. 

Switching Waveforms Registered PROM '''e'' includes scope and jig capacitance. 

-j tH(A) I: \:ts(A)-j tH(A) I: 3V 

Ao-Ag ------------op-':....tH-(G-S)~E -I _~I tH(GS)XxE"JII'X"Jll'X""X""X~X~X!"'7X~Xor"lX"""---- ~;V 
,-,._---~~ ts(GS) ;;d ts(GS) 3V 

(is ___ ...... /~Zl _ ~ l5OC\ IIIIIIIIII ~;V 
ts(o§)~ ~(GS) t (cp) b -ItWL(CPt: 

CP ---1 \\\twL(CP)r \\' WL /. \\\\\ /. \\\\\\\\ :~V 
1 ~ tWH(CP) I- ~ tWH(CP) I- ~ tWH(CP) I- t (G) t (G) ov __ ....;.r---__ tp_HL_(C_P)::=1 ~tpHZ(CP)~oSV t-tPZH(CP)-l t.::tpHL(CP)::l r- PHZ josvi PZH -j V

OH 

°0-°7 I --'f I ) »)IO'SV I « ( I xX¥ ~ ))),o:sVI_ ~~:~ 
r-~LH(CP)--l !-tPLZ(CP)-l' I-tPZL(CP)-j !-tpLH(CP)-l I,. tPLZ(G) -l [: tPZL(G) -t 3V 

G -l tH(iNlT) I- I \~==== 1.5V 
ov 

ts(iNi'f) -I!- I 3V 

iNi'f~ m ~ 
TL/00/2S06-S 

Key To Timing Diagram 
Waveform Inputs Outputs Waveform Inputs Outputs 

Don't Care: Changing: 
Must Be Will Be 

~ 
Any Change State 

Steady Steady Permitted Unknown 

~ May Change 
Will Be 

ID €I Center Line 

from H to L 
Changing Does Not Is High 
from H to L Apply Impedance 

LIlT Will Be "OFF" State 
May Change 

Changing 
from L to H 

from L to H 
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Programming Parameters Do not test or you may program the device 

Recommended 
Symbol Parameters Conditions Min 

Value 

Vccp Required Vcc for Programming 10.0 10.5 

Iccp Icc during Programming Vcc = 11V 

VOP Required Output Voltage 
10.0 10.5 

for Programming 

lop Output Current while 
VOUT=11V 

Programming 

IRR Rate of Voltage Change of 
1.0 

V cc or Output 

PWE Programming Pulse Width 
9 10 

(Enabled) 

Vccv Required Vcc for Verification 3.8 4.0 

Moc Maximum Duty Cycle for 

VccatVccp 
25 

Programming Waveforms Registered PROM 

ADDRESS ~ SELECTED ADDRESS STABLE x::: INPUTS • ____________ _ 

Tl i 
V Vccv Vccp .---·tr------,I 

cc S.OV IIIIIII~ '-______ _ 

r- T2 -ITs '-
PROGRAMMED V Vop -- - _. k 

OUTPUT v~~ 111111111111 1 T
4

1mzZZI"'1--'1"rl""''''o-U-TP--U--T"'V"'II~/""I"'II"-:/""I""I' 
-I T3 I-- VERIFY 

G""""'" / / / //----.;.~ 
ENABLE i.i.U I 

-l PWE I- -j t- T6 

ClK n CLOCK ____________ ... '--__ _ 

Tl = 100 ns Min. 

T2 = S JLs Min. (T2 may be> 0 if Vcep rises at the same rate or faster than VoP.) 

T3 = 100 ns Min. 

T4 = 100 ns Min. 

Ts = 100 ns Min. 

Ts = 50 ns Min. 
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Approved Programmers for NSC PROMs 
Manufacturer System # 

DATA 1/0 5/17/19/29A 
PRO·LOG M910,M980 
KONTRON MPP80S 
STAG PPX 
AIM RP400 
DIGELEC UP803 
STARPLEXTM 

Quality Enhancement Programs For Bipolar Memory. 
A+ PROGRAM· 

Test Condition 
Guaranteed 

Test 
LOTAQL5 

D.C Parametric 25°C 0.05 D.C Parametric 
and Functionality Each and Functionality 

Temperature 0.05 
Extreme 

A.C. Parametric 25°C 0.4 A.C Parametric 

Mechanical Critical 0.01 Mechanical 

Major 0.28 

Seal Tests Fine Leak 
0.4 

Seal Tests 
Hermetic (5x10-8) Hermetic 

Gross 0.4 

"Includes 160 hours of burn-in at 125°C. 

/ 
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B+ PROGRAM 

Condition 
Guaranteed 
LOTAQL5 

25°C 0.05 

Each 
Temperature 0.05 

Extreme 

25°C 0.4 

Critical 0.01 

Major 0.28 

Fine Leak 
0.4 

(5x10-8) 

Gross 0.4 
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~
NatiOnal 
Semiconductor 
Corporation All dimensions are in inches (millimeters) 

MAX 

0.025 
(0.635) 

RAO 

0.785~ ~----(19.939) 

13 12 11 10 9 ~ 

0.220 - 0.310 
(5.588-7.874) 

\"""""'~""T":"T""T'";T"T7T""T"';'T"iiiT"\~ 
0.005 - 0.020 
(0.127 - 0.508) 
RAO TYP 

0.200 
(5.080) 

0290-0.320 f-- 0.005 --l I--- MAX 

~t136i-j"I28~ '.OO'-':J·Ht 11~~~~~~~~~~~r-r 
MAX I '.3"-"''' ~ (z.~.'l _ 

--l (7.874-10.41) BOTH 

(~:~~~) 95° ± 5° (0.203 - 0.3:~:80 I ~ 

ENDS ..;.;.:.,;,.,-":""":":= 

0.020 RAO MAX 
(0.508) 

NS Package J16A 

-t 
0.310 

(7.874) MAX 

J16AIREV K) 

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

0.290-0.320 I (7.366-8.128) I 
I.~GLASS SEALANT'..... 

0.180 til 0.008-0.012 I 

(4.572) 950 ±;- (0.203-0.305) 

MAX j L 86;y~40 
0.310 - 0.410 

(7.874 -10.41) 

NS Package J18A 

4·3 

~MIN-­
(0.127) 

..!!1Q!!. MAX 
(5.080) 

0.020-0.060 
(0.508-1.524) 

0.125-0.200 
(3.175 - 5.080) 

J'8A(REVl) 
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o 
"iii 
c 
Q) 

E 
is 
1U 
Co) 

"iii 
>­.c 
c.. 

0.100 
(4.572) 

MAX 

0.905 
_------(25.019) -------I~ 

MAX 

GLASS SEALANT 

0.000-0.012 
(0.203 - 0.305) 

NS Package J20A 

0.010±0.003 _~II~ 
(0.457±0.076) I I 

0.200 
(5.000) 

MAX 

0.125 - 0.200 
(3.175 - 5.000) 

t 

J20AIREVMI 

1---------(20.19) • 0.420 MAX 
1.110 ______ --t~1 

'r-L!!.L..1!.!.I-I!!:1...z..:.:.I...I,;~.L:M::JAX...J.:.::..a...L:.::.L~;.&..,I.;.;.&....r...;.;;~~t1D."" GLAS' 

0.400 

(10.16) 

0.030-0.055 
(0.762-1.397) 

RAD TVP 

~~~r-T~~~~~~~-r.~r.T"'~t.i-~ 
0.390-0.420 GLASS r (9.906-1 0.668) -j -.:LNT 

Ie ::II ~MAX 
(4.572) 

tf\'---'--oI-..I lilt 

(2.540 ±0.254) 
TVP 

NS Package J22A 
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0.225 

(5.715) tpL 0."'-0.0" 
~ {O.'08-1.7181 

~~ 
0.125 

(3.175) 
MIN 

0.018 ±0.003 
(0.457 ±0.076) 

J22AIREVFI 



1.290 I 0.600 

1 ... ·-------(32.766)--------- 115.240) 

MAX fMAX 

i
GLASS 

0.025 
(0.635) 

RAD 0.514-0.526 

. """1""61 
~~~~~~~~~~~~~~~r'\----

~ 
0.590-0.620 ~ 0.005 

114.986-15.748) (0.127) 

IS 
II ~ MIN 

+0.025 (0.203-0.305) 
95· t5' 0.008-0.012 J 

I _ 0.685 -0.060 . I 0.098 

r--( +0.635) ~ (2.489) 
17.40 -1.524 MAX 

0.005 
(0.127) 

MIN 

NS Package J24A 

0.125-0.200 
(3.175-5.080) 

MIN 

0.150 
(3.810) 

MIN 

J24AlREVHI 

1.290 
~-------(32.766)---------~ 

0.560 r (14.22) 
MAX GLASS 

MAX 

0.51'-0.526 
(13.06-13.36) 

~~~_J 
0.225 

(5.175) 
MAX 

0.008-0.015 J 
(0.203-0.311) 

0.060-0.100 
(1.524-2.540) 

~n·070 
~.ml 

0.125 
(3.175) 

MIN TYP 

NS Package J24AQ 
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0.025 RAD 
(0.635) 

1.290 
1--------(32.77) MAX------_~ 

0.030-0.055 
(0.762-1.397) 

~ RAD TIYP (~::::=::~~:) r-
(0.508-1.778) I 

-;;f;;.--·~t~~;~~;~;~~~~~;~~;~;~~;~~t~t;~;~~.,--t-(7:~=~:) tFt 
MAX 

~ t • 95° ±SO 0.008-0.012 
H----t-l - (0.203-0.305) 

0.100 to.OIO I 
(2.54 to.254)--l 

TVP 

0.125 I-- 0.310-0.410 I TVP 

(3M'I~) (7.874-1D.41)--l 

J24F(REV G) 

0.600 
(15.24) 

MAX GLASS 

t 

1 

NS Package J24F 

I 

...... r---------- 1.490 ---------.... 1 
(37.85) 

MAX 

0.514-0.526 ~ _ 

'''DC/' 
~~I~~~~~~~~~~~~~~~II~I~1 

1-<1 .. _---O.745~ 
(18.92) 

0.030 - 0.055 
(0.762 -1.397) 

RAD TVP 

-(14.99-15.75) 

I 
0.590-0.620 -I GLASS 

SEALAN.T\ 

NS Package J28AQ 
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I D.1I5~:: I 
r--(I1.4D ~~::~:~ 

I------------!~D!:,------------I 

(::::,RAD 

D.D3D-D.05& 
(~, 

RADlY' 

0'-8' 
TYPAU LEADS 

+ tlJ l--=== I -J OL-O.05O 
0.1104 (0.508 -1.2701 

(0.1021 TYPAULEADS 
AU LEAD TIPS 

MAX 

Dl.DiD.oM 
(7.l12io.l02' 
UVWINDOW 

NS Package J40AQ 

r(::~!:=::~~I-1 
-1 t:J_

14 
13 12 11 10 9 8 

0.228-0.244 

"'''T'·'" , , , , . , 
~=rl-(0.5081 

0.024-0.031 0.053-0.069 
~(1.346-1.7531 ~ t t (0.102-0.2541 - - fi a AFTER LEAD FINISH 

t _ElhdElhd~~ 

10M J L _I [J-O.019 
(1.2701 (0.356-0.4831 

TYP TYP 

M1U 1REVFI 

NS Package M14A 
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'iii 
c 
Q) 
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is 
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() 

'~ 
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r
(~:~:!=~:~::)}, ",' 

0.017' , 
(0.432) 

0.009-0.013 x4s·1,' 

(0'229_0'330)~ 
L OO-Bo 

f ~J _ d:~L~ 
(0.102) (0.762 -1.270) 

ALL LEAD TYP ALL LEADS 
TIPS 

rl
~ 0.346-0.362 ~ 

(8.788 - 9.195) 

" " 13 1211 10 • , 

0.394-0.419 
(10.01-10.64) 

JlliL~ 
(0.686) 

0.093-0.104 
(2.362 - 2.642) 

* 
t 

t 0.004-0.012 

h8ri66f16i1~r·305) 
0.037 - 0.044 

(0.940-1.118) 1] L JLt 0.050 0.014-0.019 
(1.270) (0.3S6-0.4B3) 

TYP TYP 

M14B (REV Ci 

NS Package M14B 

0.045±0.015 
(1.143±0.381) 

0.130±0.DOS' 
(3.302 ± 0.127) 

0.125-0.140 
(3.175 - 3.556) 

TYP , ~
0'±4' 

0.018±0.D03 
(0.457 ±0.076) 

0.10o±0.01o ' 

~~' (2.54o±0.254) 

I.- 0.060 
(1.524) 
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O,032±0.005 ~7 
(0.B13±0.127) 

RAo 

PIN NO. 1IDENT~ 

1 

0.020 
(0.508) 

MIN 

OPTION 2 

N08E(REV FI 



0.092 
(2.337) 

DIANOM 
(2X) 

0.092 X ~ 
2 336) (0.762) 

(NOM "MAX 
DEEP (2 PLCS) 

0.280 ~ (7.112) 
MIN 

0.300-0.320 I~~I::I· 
.~ 
I · +0.040 I 

0.325 -0.015 

(, +1.016) 
\8.255 -0.381 

PIN NO. llDENT 

NS Package N16A N16A (REV EI 



fn 
C 
o 
"iii 
c 
Q) 

E 
C 
(ij 
() 

"iii 
>­.c 
a.. 

0.325 ~~:~~ 
18255 +1.016) 
~ . -0.381 

0.092 X 0.030 
(2.337 X 0.7621 

MAX DP 

PIN NO. llDENT 

0.065 
(1.651) 

(25.73-26.421 
1.013-1.040 ::::1 

~======~'=8=='=7~'=&~'=5~'4~=13===12===11~~ 
0.260 ±0.005 

(6.604 ±0.1271 

~~mm~~~~~~ 

~~~~~~~+T~~rrl 

0.009-0.01;r--J 
(0.229-0.3811 
TVP 

0.060 ± 0.005 
,11.524±0.127) 

NS Package N20A 

0'032±0'005~O I. 
(0.813±0.1271 

RAD 

PIN ND.lIDENT~ 

I 

t 
0.020 

(0.5081 
MIN 

OPTION 2 

N20AIREVGI 

0.062 
RAD (1.515) 

PIN NO.1 
IDENT 

1.093-1.120 -I 
(27.16-28.451

1 
1m Iii! rm rm I 

18 17 16 15 14 13 12 I 
0.350 ±0.005 

(8.890 10.127) 

i;::::;:::r.:;;~~::;=;:;:;=;:::=;=;::;=;~~ 
0.400-0.420 

11 0.160-1 0.66a) 

_ 0.3ao_ 
(9.652) 0.030 

MIN (0.762) 

95° ±5° 
+0.025 

'-- 0.425 -0.015 ---l 
('0 195 +0.635) 

. -0.381 

0.009-0.015 T I 
(0.229-0.381) r-l '--

0.050 ±0.015 
11.270 ±0.3Bl) (2.540 ±0.254) 

NS Package N22A 

4-10 

N22A(REVD) 



0.062 
(1.575) 

RAD 

1-------- 1.243-1.270 --------il~1 (31.57-32.26) I 

13 

!1 
I 0.540 10.005 

fl~=.-;::::;:::::;:::::;=;:;:;:::::;::::;:::::;:;;:;;:::;::;:;=;:;;:o=;:::;:r;::::;:;:;;;:::;:;~::;:::::~i J'
121

1 
1 Z 

PIN NO. 11DENT 

DOTIED OUTLINES 
REFLECT ALTERNATE 

(14.73) 0.030 
MIN -(0.-76-2) 0.075 r: 0.580 ~ MOLDED BODY CONFIGURATION 

0.600-0.620 MAX (1.905) 

r,(15.24-15.748) ..L"",,~ __ -+-+-_____ "':"":":"---+-~_"'T'I_+ ___ .......l 

95°±5° 

0.625~:~~: 
f--- (15 875 +0.635)~ 

. -{l.381 

0.009-0.015 
(0.229 - 0.381) 

0.325 ~ ~:~~~ 
(8255 +1.016) 
~ . -0.381 

0.092 
(2.337) 
(2 PLS) 

PIN NO.1 
IDENT 

NS Package N24A 

~------ 1.243-1.270 _______ -11 
(31.57 -32.26) 

MAX 

N2.A(AEVEI 

--r 
0.260 ± 0.005 
(6.6D4±0.127) 

~~~~~~~~~~~~ 

-r-J 0.065 
(1.651) 

D.D75±0.015 I 
(1.905±D.3S1) I--

90° ±4° TYP 

N2.C(AEV FI 

NS Package N24C 

4-11 
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"Ci) 
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CD 
E 
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(ij 
(.) 

"iii 
>­.c: 

D.. 

0.005 -0.015 
(0.127 -0.381) 

0.310-0.330 
(7.874-8.382) 

(CONTACT DIMENSION) 

0.080 
(2.032) 

/.:=:~+-r'--+--'-- :~:E~~:L 

0.226 
(5.740) 

NOM 
SQUARE 

l 
0.013-0.018 

-::0:,,:.0:=:26:---=0',:::03:;:2:-jI., I _ _ (0.33~y~.4:~~20 
(0.508) 

i=====f===rrPmrn1fW~~~ MIN 

PIN NO.1 
IDENT 

0.032 - 0.040 
(0.813-1.016) 

I~~~----~+~~-

0.385-0.395 
(9.779-10.03) 

SQUARE 

0.165-0.180 
(4.191-4.572) 

NS Package V20A 

l {CO:::*~~\::ON) r-
0.020 I 0.013-0.018 

~ iIToii ~ 1 (0.330-0.457) 0.165-0.180 
(0.813-1.016) MIN TYP ~ 

! W ... * + 
~-0.015 F~- I (0.127-0.381) J I 

PIN NO.1 0.026-0.032 

IDENT j' (0.660-0.813) 
0.450 TYP 

i11.43i 
REF SQ 

0.485-0.495 
~ 

SQUARE 

t f~ 
(2.642 -2.997) 

NS Package V28A 
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Bookshelf of Technical Support Information 
National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

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

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

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 23-200 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

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

DATA CONVERSION/ACQUISITION DATABOOK-1984 
Selection Guides • Active Filters • Amplifiers • Analog Switches • Analog-to-Digital Converters 
Analog-to-Digital Display (DVM) • Digital-to-Analog Converters. Sample and Hold • Sensors/Transducers 
Successive Approximation Registers/Comparators • Voltage References 

HYBRID PRODUCTS DATABOOK-1982 
Operational Amplifiers • Buffers • Instrumentation Amplifiers • Sample & Hold Amplifiers • Comparators 
Non-Linear Functions • Precision Voltage Regulators and References. Analog Switches 
MOS Clock Drivers. Digital Drivers • A-D Converters • D-A Converters • Fiber-Optic Products 
Active Filters & Telecommunication Products· Precision Networks. 883/RETS 

INTERFACE DATABOOK-1986 
Transmission Line Drivers/Receivers. Bus Transceivers • Peripheral/Power Drivers. Display Controllers/Drivers 
Memory Support • Microprocessor Support • level Translators/Buffers • Frequency Synthesis 

INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC 
DATABOOK-1983 
Transmission Line Drivers/Receivers • Bus Transceivers • Peripheral/Power Drivers 
level Translators/Buffers • Display Controllers/Drivers • Memory Support. Dynamic Memory Support 
Microprocessor Support • Data Communications Support • Disk Support. Frequency Synthesis 
Interface Appendices. Bipolar PROMs. Bipolar and ECl RAMs. 2900 Family/Bipolar Microprocessor 
Programmable logic 

INTUITIVE IC CMOS EVOLUTION-1984 
Thomas M. Frederiksen's new book targets some of the most significant transitions in semiconductor technology since the 
change from germanium to silicon. Intuitive IC CMOS Evolution highlights the transition in the reduction in defect densities and 
the development of new circuit topologies. The author's latest book is a vital aid to engineers, and industry observers who need 
to stay abreast of the semiconductor industry. 

INTUITIVE IC OP AMPS-1984 
Thomas M. Frederiksen's new book, Intuitive IC Op Amps, explores the many uses and applications of different Ie op amps. 
Frederiksen's detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning 
concepts of the op amp. Mr. Frederiksen's latest book is a vital aid to engineers, designers, and industry observers who need to 
stay abreast of the computer industry. 

LINEAR APPLICATIONS HANDBOOK-1986 
The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

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



LINEAR SUPPLEMENT DATABOOK-1984 
Amplifiers • Comparators • Voltage Regulators • Voltage References • Converters • Analog Switches 
Sample and Hold • Sensors • Filters • Building Blocks • Motor Controllers • Consumer Circuits 
Telecommunications Circuits. Speech. Special Analog Functions 

LOGIC DATABOOK VOLUME 1-1984 
CMOS AC Switching Test Circuits and Timing Waveforms. CMOS Application Notes. MM54HC/MM74HC 
MM54HCT/MM74HCT. CD4XXX. MM54CXXX/MM74CXXX. LSIIVLSI 

LOGIC DATABOOK VOLUME 11-1984 
Introduction to Bipolar Logic • Advanced Low Power Schottky • Advanced Schottky • Low Power Schottky 
Schottky • TTL • Low Power 

LS/S/TTL DATABOOK-1987 
Introduction to Bipolar Logic • Low Power Schottky • Schottky • TTL • Low Power 

MASS STORAGE HANDBOOK-1986 
Disk Interface Design Guide and User Manual • Winchester Disk Support • Winchester Disk Data Controller 
Floppy Disk Support. Drive Interface Support Circuits 

MEMORY SUPPORT HANDBOOK-1986 
Dynamic Memory Control • Error Checking and Correction • Microprocessor Interface and Applications 
Memory Drivers and Support 

THE NSC800 MICROPROCESSOR FAMILY DATABOOK-1985 
CPU • Peripherals • Evaluation Board • Logic Devices • MA2000 Macrocomponent Family 

SERIES 32000 DATABOOK-1986 
Introduction • CPU·Central Processing Unit • Slave Processors • Peripherals • Data Communications and LAN's 
Disk Control and Interface. DRAM Interface. Development Tools. Software Support. Application Notes 

RELIABILITY HANDBOOK-1986 
Reliability and the Die • Internal Construction. Finished Package. MIL·STD·883. MIL·M·38510 
The Specification Development Process • Reliability and the Hybrid Device • VLSIIVHSIC Devices 
Radiation Environment. Electrostatic Discharge • Discrete Device • Standardization . 
Quality Assurance and Reliability Engineering • Reliability and Documentation. Commercial Grade Device 
European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor. The Total Militaryl Aerospace Standardization Program 
883B/RETSTM Products. MILS/RETSTM Products. 883/RETSTM Hybrids. MIL·M·38510 Class B Products 
Radiation Hardened Technology. Wafer Fabrication. Semiconductor Assembly and Packaging 
Semiconductor Packages • Glossary of Terms • Key Government Agencies. ANI Numbers and Acronyms 
Bibliography· MIL·M·38510 and DESC Drawing Cross Listing 

THE SWITCHED-CAPACITOR FILTER HANDBOOK-1985 
Introduction to Filters • National's Switched·Capacitor Filters. DeSigning with Switched·Capacitor Filters 
Application Circuits • Filter Design Program. Nomographs and Tables 

TRANSISTOR DATABOOK-1982 
NPN Transistors • PNP Transistors • Junction Field Effect Transistors • Selection Guides. Pro Electron Series 
Consumer Series • NAiNB/NR Series • Process Characteristics Double·Diffused Epitaxial Transistors 
Process Characteristics Power Transistors • Process Characteristics JFETs • JFET Applications Notes 

VOLTAGE REGULATOR HANDBOOK-1982 
Product Selection Procedures • Heat Flow & Thermal Resistance • Selection of Commercial Heat Sink 
Custom Heat Sink Design • Applications Circuits and Descriptive Information. Power Supply Design 
Data Sheets 

48-SERIES MICROPROCESSOR HANDBOOK-1980 
The 48·Series Microcomputers • The 48·Series Single·Chip System • The 48·Series Instruction Set 
Expanding the 48·Series Microcomputers • Applications for the 48·Series • Development Support 
Analog 1/0 Components • Communications Components • Digital 1/0 Components • Memory Components 
Peripheral Control Components 
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AUTHORIZED DISTRIBUTORS 

ALABAMA San Diego Orlando MARYLAND 
Huntsville Anthem Electronics Hall-Mark Columbia 

Arrow (619) 279-5200 (305) 855-4020 Arrow 
(205) 837-6955 Arrow Palm Bay (301) 995-0003 
Hall-Mark (619) 565-4800 Arrow Hamiltonl Avnet 
(205) 837-8700 Hamilton/ Avnet (305) 725-1480 (301) 995-3500 
Hamilton/ Avnet (619) 571-7510 Pompano Beach Lionex 
(205) 837-7210 Schweber Hall-Mark (301) 964-0040 
Pioneer (619) 450-0454 (305) 971-9280 Gaithersburg 
(205) 837-9300 San Jose SI. Petersburg Pioneer Washington 
Schweber Anthem Electronics Hamilton/ Avnet (301) 921-0660 
(205) 882-2200 (408) 295-4200 (813) 576-3930 Schweber 

ARIZONA Hall-Mark Winter Park (301) 840-5900 

Phoenix (408) 946-0900 Hamilton-Avnet MASSACHUSETTS 
Schweber Schweber (305) 628-3888 Bedford 
(602) 997-4874 (408) 946-7171 GEORGIA Schweber 

Tempe Sunnyvale Norcross (617) 275-5100 
Anthem Electronics Arrow Arrow Lexington 
(602) 966-6600 (408) 745-6600 (404) 449-8252 Pioneer Northeast 
Arrow Bell Industries Hamilton-Avnet (617) 861-9200 
(602) 968-4800 (408) 734-8570 (404) 447-7500 Peabody 
Bell Industries Hamiltonl Avnet Pioneer Hamilton/ Avnet 
(602) 966-7800 (408) 743-3355 (404) 448-1711 (617) 531-7430 
Hamilton/ Avnet Thousand Oaks Schweber Wilmington 
(602) 231-5100 Bell Industries (404) 449-9170 Lionex 

CALIFORNIA 
(805) 499-6821 

ILLINOIS (617) 657-5170 

Canoga Park 
Tustin 

Bensenville Woburn 

Schweber 
Arrow 

Hamilton/ Avnet Arrow 

(818) 999-4702 
(714) 838-5422 

(312) 860-7780 (617) 933-8130 

Chatsworth COLORADO Elk Grove Village MICHIGAN 
Anthem Electronics Aurora Bell Industries Grand Rapids 
(818) 700-1000 Arrow (303) 758-4585 (312) 640-1910 Arrow 
Arrow Englewood Pioneer (616) 243-0912 
(818) 701-7500 Anthem Electronics (312) 952-8440 Hamilton/ Avnet 
Avnet Electronics (303) 790-4500 Schweber (616) 243-8805 
(818) 700-8668 Hamilton/ Avnet (312) 364-3750 R-M Michigan 
Hamilton Electro Sales (303) 779-9998 Schaumberg (616) 531-9300 
(818) 700-0440 Wheatridge Arrow livonia 

Costa Mesa Bell Industries (312) 397-3440 Hamilton/ Avnet 
Avnet Electronics (303) 424-1985 Woodale (313) 522-4700 
(714) 754-6050 CONNECTICUT Hall-Mark Pioneer 
Hamilton Electro Sales Danbury (312) 860-3800 (313) 525-1800 
(714) 641-4159 Hamilton/ Avnet INDIANA MINNESOTA 

Culver City (203) 797-2800 Carmel Bloomington 
Hamilton Electro Sales Schweber Hamilton/ Avnet Hall-Mark 
(213) 558-2121 (203) 748-7080 (317) 844-9333 (612) 854-3223 

Garden Grove Meridian Indianapolis Edina 
Bell Industries Lionex Inc_ Advent Arrow 
(714) 895-7801 (203) 237-2282 (317) 872-4910 (612) 830-1800 

Gardena Norwalk Arrow Schweber 
Bell Industries Pioneer Northeast (319) 395-7230 (612) 941-5280 
(213) 515-1800 (203) 853-1515 Graham Electronics Minnetonka 
Schweber Wallingford (317) 634-8202 Hamilton/ Avnet 
(213) 327-8409 Arrow Pioneer (612) 932-0600 

Hayward (203) 265-7741 (317) 849-7300 Pioneer 
Arrow (415)487-8416 FLORIDA IOWA (612) 935-5444 
Arrow (415) 487-4300 Altamonte Springs Cedar Rapids MISSOURI Irvine Pioneer Advent Electronics Earth City 
Anthem Electronics 
(714) 768-4444 

(305) 834-9090 (319) 363-0221 Hamilton/ Avnet 
Schweber Arrow (314) 344-1200 Schweber (305) 331-7555 (319) 395-7230 Schweber (714) 863-0200 Clearwater Bell Industries (314) 739-0526 Ontario Arrow (319) 395-0730 SI. Louis 

Hamiltonl Avnet (714) 989-4602 (813) 576-8995 Hamilton/ Avnet Arrow 
Roseville Hall-Mark (319) 362-4757 (314) 567-6888 Bell Industries 

(916) 969-3100 
(813) 530-4543 Schweber NEW HAMPSHIRE Deerfield Beach (319) 373-1417 Sacramento Arrow 

Manchester 

Hamilton/ Avnet (305) 429-8200 KANSAS Arrow 

(916) 925-2216 Pioneer 
Lenexa (603) 668-6968 

Schweber (305) 428-8877 Arrow Hamilton/ Avnet 

(916) 929-9732 FI. Lauderdale (913) 541-9542 (603) 624-9400 

Hamilton/ Avnet Overland Park Schweber 

(305) 971-2900 Hamilton/ Avnet (603) 625-2250 
(913) 888-8900 
Schweber 
(913) 492-2921 
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NEW JERSEY Woodbury PENNSYLVANIA 
Cherry Hill Pioneer Horsham 

Hamilton! Avnet (516) 921-8700 Lionex 
(609) 424·0100 NORTH CAROLINA (215) 443·5150 

Fairfield Charlotte Pioneer 
Arrow Pioneer (215) 674-4000 
(201) 575-5300 (704) 527-8188 Schweber 
Hamilton! Avnet Raleigh (215) 441-0600 
(201) 575·3390 Arrow Monroeville 
Lionex (919) 876-3132 Arrow 
(201) 227-7960 Hamilton! Avnet (412) 856-7000 
Schweber (919) 878·0810 Pittsburgh 
(201) 227-7880 Schweber CAM!RPC 

Marlton (919) 876·0000 (412) 782-3770 . 
Arrow Salem Hamilton! Avnet 
(609) 596·8000 Arrow (412) 281-4150 

Pine Brook (919) 725-8711 Pioneer 
Pioneer Northeast 

OHIO 
(412) 782·2300 

(201) 575-3510 
Centerville 

Schweber 

NEW MEXICO Arrow 
(412) 782-1600 

Albuquerque (513)435-5563 TEXAS 
Alliance Electronics Cleveland Addison 
(505) 292-3360 Hamilton! Avnet Quality Components 
Arrow (216) 831-3500 (214) 733-4300 
(505) 243-4566 Pioneer Austin 
Bell!Century (216) 587·3600 Arrow 
(505) 292·2700 Columbus (512) 835-4180 
Hamilton! Avnet Arrow Hamilton! Avnet 
(505) 765-1500 (614) 885-8362 (512) 837-8911 

NEW YORK Dayton Pioneer 

Brookhaven Bell Industries (512) 835-4000 

Arrow (513) 772·1661 Quality Components 

(516) 924-0700 Hamilton! Avnet (512) 835-0220 

Buffalo (513) 439-6700 Schweber 

Summit Distributors Pioneer (512) 458·8253 

(716) 887-2800 (513) 236·9900 Carrollton 

Fairport Schweber Arrow 

Pioneer (513) 439-1800 (214) 380-6464 

(716) 381-7070 Highland Heights Dallas 

Farmingdale CAM!OHIO Hall·Mark 

Arrow (216) 461-4700 (214) 553-4300 

(516) 293·6363 Solon Pioneer 

Hauppauge Arrow (214) 386-7300 

Arrow (216) 248·3990 Schweber 

(516) 231·1000 Westerville (214) 661-5010 

Hamilton! Avnet Hamilton! Avnet Houston 

(516) 434-7413 (614) 882·7004 Arrow 
(713) 530-4700 Lionex OKLAHOMA Hamilton! Avnet (516) 273·1660 Tulsa (713) 780·1771 Liverpool Arrow 

Arrow (918) 665·7700 
Pioneer 

(315) 545-0230 (713) 988-5555 
Quality Components Irving Melville (918) 664-8812 

Arrow Radio Inc. 
Hamilton! Avnet 

(516) 391-1300 (918) 587-9123 
(214)659-4151 

Rochester Schweber 
Sugarland 

Arrow (918) 622-8000 
Quality Components 

(716) 427·0300 (713) 491·2255 
OREGON Hamilton! Avnet 

Beaverton 
UTAH 

(716) 475·9130 
Almac Electronics 

Salt Lake City 
Summit Electronics 

(503) 629-8090 
Anthem Electronics 

(716) 334·8110 
Lake OsWego 

(801) 973·8555 
Ronkonkoma Arrow 

Arrow Anthem Electronics (801) 972·0404 
(503) 684:2661 (516) 467·1000 
Bell Industries 

Bell Industries 
Syracuse 

(503) 241-4115 
(801) 972·6969 

Hamilton! Avnet 
Hamilton! Avnet 

Hamilton! Avnet 
(315) 437·2641 

(503) 635·7850 
(801) 972-4300 

Vestal 
Pioneer Tigard 

(607) 748·8211 Arrow 
(503) 684-1690 Westbury 

Hamilton! Avnet 
(516) 997·6868 
Schweber 
(516) 334·7474 

WASHINGTON 
Bellevue 

Almac Electronics 
(206) 643-9992 
Arrow 
(206) 643-4800 
Hamilton! Avnet 
(206) 453-5844 

Redmond 
Anthem Electronics 
(208) 881·0850 

WISCONSIN 
Brookfield 

Arrow 
(414) 792·0150 
Schweber 
(414) 784·9020 

Milwaukee 
Taylor Electric Co. 
(414) 241·4321 

New Berlin 
Hall·Mark 
(414) 761-3000 
Hamilton! Avnet 
(414) 784·4516 

Waukesha 
Bell Industries 
(414) 547-8879 

CANADA 
Western Provinces 

Calgary 
Hamilton! Avnet 
(403) 230·3586 
Zentronics 
(403) 272·1021 

Edmonton 
Zentronics 
(403) 463·3014 

Richmond 
Zentronics 
(604) 273·5575 

Winnipeg 
Zentronics 
(204) 775·8661 

Eastern Provinces 
Brampton 

Zentronics 
(416) 451·9600 

Doval 
Semad 
(514) 636·4614 

Markham 
Semad 
(416) 475·8500 

Missisauga 
Hamilton! Avnet 
(416) 677-7432 

Nepean 
Hamilton! Avnet 
(613) 226·1700 

Ottawa 
Semad 
(613) 729-6145 
Zentronics 
(613) 238·6411 

SI. Laurent 
Hamilton! Avnet 
(514) 331-6443 
Zentronics 
(514) 735-5361 

Waterloo 
Zentronics 
(519) 884-5700 
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