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A Corporate Dedication to 
Quality and Reliability 

National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac
turing and shipping, our quality and reliability is second 
to none. 
We are proud of our success ... it sets a standard for 
others to achieve. Yet, our quest for perfection is on
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 

Charles E. Sporck 
President, Chief Executive Office'r 
National Semiconductor Corporation 



Wir fuhlen uns zu Qualitat und 
Zuverlassigkeit verpflichtet 

National Semiconductor Corporation ist fOhrend bei der Her
stellung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es galt, die Zahl von IC Ausfallen zu 
verringern und die Lebensdauern von Produkten zu verbes
sern. Vom Rohmaterial uber Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro
dukte von National Semiconductor sind unubertroffen. 

Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
fur andere erstrebenswert sind. Auch ihre Anspruche steig
en standig. Sie als unser Kunde konnen sich auch weiterhin 
auf National Semiconductor verlassen. 

La Qualite et La Fiabilite: 
Une Vocation Commune Chez National 
Semiconductor Corporation 

National Semiconductor Corporation est un des leaders in
dustriels qui fabrique des circuits integres d'une tres grande 
qualite et d'une fiabilite exceptionelle. National a ete Ie pre
mier a vouloir faire chuter Ie nombre de circuits integres 
defectueux et a augmenter la duree de vie des produits. 
Depuis les matieres premieres, en passant par la concep
tion du produit sa fabrication et son expedition, partout la 
qualM et la fiabilite chez National sont sans equivalents. 

Nous sommes fiers de notre succes et Ie standard ainsi 
defini devrait devenir I'objectif a atteindre par les autres so
cietes. Et nous continuons a vouloir faire progresser notre 

. recherche de la perfection; il en resulte que vous, qui ~tes 
notre client, pouvez toujours faire confiance a National 
Semiconductor Corporation, en produisant des systemes 
d'une tres grande qualite standard. 

Charles E. Sporck 

Un Impegno Societario di Qualita e 
A ffidabilita 

National Semiconductor Corporation e un'industria al ver
tice nella costruzione di circuiti integrati di alta qualita ed 
affidabilita. National e stata iI principale promotore per I'ab
battimento della difettosita dei circuiti integrati e per I'allun
gamento della vita dei prodotti. Oal materiale grezzo attra
verso tutte Ie fasi di progettazione, costruzione e spedi
zione, la qualita e affidabilita National non e seconda a nes
suno. 

Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. II nostro desiderio di per
fezione e d'altra parte illimitato e pertanto tu, nostro cliente, 
puoi continuare ad affidarti a National Semiconductor Cor
poration per la produzione dei tuoi sistemi con elevati livelli 
di qualita. 

President, Chief Executive Officer 

National Semiconductor Corporation 
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TRADEMARKS 

Following is the most current list of National Semiconductor Corporation's trademarks and registered trademarks. 

Abuseable™ FairtechTM MOLETM SCXTM 
AnadigTM FAST® MSTTM SERIES/800TM 
ANS-R-TRANTM 5-Star Service™ Naked-8TM Series 900TM 
APPSTM GAL® National® Series 3000TM 
ASPECTTM GENIXTM National Semiconductor® Series 32000® 
Auto-Chem DeflasherTM GNXTM National Semiconductor Shelfl"'ChekTM 
BCPTM HAMRTM Corp.® SofChekTM 
BI-FETTM HandiScan™ NAX800™ SPIRETM 
BI-FET IITM HEX3000TM Nitride PIUS™ STARTM 
BI-LiNETM HPCTM Nitride Plus Oxide™ StarlinkTM 
BIPLANTM 13L® NMLTM STARPLEXTM 
BLCTM ICMTM NOBUSTM SuperChipTM 
BLXTM INFOCHEXTM NSC800™ SuperScript™ 
Brite-Lite™ IntegrallSETM NSCISETM SYS32™ 
BTLTM IntelisplayTM NSX-16™ TapePak® 
CheckTrack™ ISETM NS-XC-16™ TDSTM 
CIMTM ISE/06TM NTERCOMTM TeleGate™ 
CIMBUSTM ISE/08TM NURAMTM The National Anthem® 
CLASICTM ISE/16TM OXISSTM Timel"'ChekTM 
Clockl"'ChekTM ISE32TM p2CMOSTM TINATM 
COMBOTM ISOPLANARTM PC Master™ TLCTM 
COMBO ITM ISOPLANAR-ZTM Perfect WatchTM Trapezoidal™ 
COMBO IITM KeyScanTM Pharmal"'ChekTM TRI-CODETM 
COPSTM microcontrollers LMCMOSTM PLANTM TRI-POLYTM 
Datachecker® M2CMOSTM PLANARTM TRI-SAFETM 
DENSPAKTM Macrobus™ Polycraft™ TRI-STATE® 
DIBTM Macrocomponent™ POSilinkTM TURBOTRANSCEIVERTM 
Digitalker® MAXI-ROM® POSitalker™ VIPTM 
DISCERNTM Meatl"'ChekTM Power + Control™ VR32TM 
DISTILLTM MenuMaster™ POWERplanar™ WATCH DOGTM 
DNR® Microbus™ data bus QUAD3000™ XMOSTM 
DPVMTM MICRO-DACTM QUIKLOOKTM XPUTM 
ELSTARTM ILtalker™ RATTM Z STARTM 
E-Z-LlNKTM Microtalker™ RTX16™ 883B/RETSTM 
FACTTM MICROWIRETM SABRTM 883S/RETSTM 
FAIRCADTM MICROWIRE/PLUSTM Scriptl'''Chek™ 

Z80® is a registered trademark of Zilog Corporation 
TouchTone™ is a trademark of Western Electric Co., Inc. 
CUPL® is a registered trademark of Assisted Technology, Inc. 
ABEL® is a registered trademark of Data I/O 
PAL® is a registered trademark of Monolithic Memories 
FLASHTM is a trademark of SEEQ Technology, Inc. 

LIFE SUPPORT POLICY 
NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR CORPORA-
TION. As used herein: 

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support 
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be reason-
or (b) support or sustain life, and whose failure to per- ably expected to cause the failure of the life support de-
form, when properly used in accordance with instructions vice or system, or to affect its safety or effectiveness. 
for use provided in the labeling, can be reasonably ex-
pected to result in a significant injury to the user. 

National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000 
TWX (910) 339-9240 
National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time 
without notice, to change said circuitry or specifications. 
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Memory Databook 
Introduction 

National Semiconductor's Memory Databook is a compre
hensive collection of information on advanced memory prod
ucts intended to meet the needs of virtually every electronic 
system being designed today. National Semiconductor is 
committed to designing and supplying high performance 
memory products ranging from state-of-the-art static RAMs 
to programmable non-volatile EPROMs and EEPROMs. 

National Semiconductor has an array of advanced technolo
gy processes to apply to memory design and development. 
These range from our unparalleled SiCMOS process used for 
the industry's most advanced line of high density ECl 1/0 
SRAMs, to our small geometry, silicon gate, oxide isolated 
CMOS technology which is now producing unsurpassed, high 
performance EPROM and EEPROM non-volatile memory de
vices. 

Concurrent with production of these leading edge memory 
devices is the development of an industry leading FLASHTM 
EPROM and FLASH EEPROM technology and family of de
vices designed to be the standard bearers for the next gener
ation of non-volatile memory devices. 

National Semiconductor is committed to excellence in de
sign, manufacturing, reliability, and service to our customers 
through the continuing development of new products and 
technologies. As new information and devices become avail
able, individual new data sheets will be issued. For the most 
current information, please contact your local National Semi
conductor sales office or Distributor. 

v 

3: 
CD 
3 
o 
-< 
C 
DI -D) 
C' 
o o 
~ 

5' -... o 
CL 
c 
n -o· 
::J 



U) 
c 

~ ~National 
0; D Semiconductor 
c 
U) 
~ -h5 Product Status Definitions -u 
~ 

"C 
o 
n. Definition of Terms 

Product Status 

Formative or 
In Design 

First 
Production 

Full 
Production 

Definition 

This data sheet contains the design specifications for product 
development. Specifications may change in any manner without notice. 

This data sheet contains preliminary data, and supplementary data will 
be published at a later date. National Semiconductor Corporation 
reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 

This data sheet contains final specifications. National Semiconductor 
Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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CMOS EPROMs Non-Volatile 
Memory Selection Guide 

CMOS EPROMs and OTP PROMs 

Part No. Org. Size 
No. of Access Prog. 
Pins Time Volt. 

NMC27C160 2kx8 16k 24 300,350,450,550 25 
NMC27C160E 2kx8 16k 24 450 25 

NMC27C320 4kx8 32k 24 300,350,450,550 25 
NMC27C320E 4k x8 32k 24 450 25 

NMC27C32BO 4kx8 32k 24 120,150,200,250 13 
NMC27C32BOE 4kx8 32k 24 200,250 13 

NMC27C640 8kx8 64k 28 150 13 
NMC27C6401N 8kx8 64k 28 150,200,250,300 13 
NMC27C640E 8kx8 64k 28 150,200 13 
NMC27C640M 8kx8 64k 28 200,250 13 

NMC27C64BO/BN 8k x8 64k 28 120,150,200,250 13 
NMC27C64BOE 8kx8 64k 28 120,150,200 13 
NMC27C64BOM 8kx 8 64k 28 150,200 13 

NMC27CP1280 16k x 8 128k 28 200,250,300 13 
NMC27C128BO/BN 16k x 8 128k 28 120,150,200,250 13 
NMC27C128BOE 16k x 8 128k 28 120,150,200 13 
NMC27C1280M 16k x 8 128k 28 150,200 13 

NMC27C128C I 16k x 8 I 128k I 28 I 45,55,70 I 13 

NMC27C2560 32kx 8 256k 28 170,200,250 13 
NMC27C2560 32k x 8 256k 28 200,250,300 13 
NMC27C2560E 32k x 8 256k 28 200,250 13 
NMC27C2560M 32k x8 256k 28 250,350 13 

NMC27C256BO/BN 32kx 8 256k 28 120,150,200,250 13 
NMC27C256BOE 32kx 8 256k 28 120,150,200 13 
NMC27C256BOM 32k x8 256k 28 150,200 13 

NMC27C256CO I 32k x8 I 256k I 28 I 55,70,90 I 13 
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CMOS EPROMs and OTP PROMs (Continued) 

Part No. Org. Size 
No. of Access 
Pins Time 

NMC27C512AO/AN 64kx8 512k 28 120,150,200,250 
NMC27C512AOE 64kx8 512k 28 120,150,200 
NMC27C512AOM 64kx8 512k 28 150,200 

NMC27C0100 128kx 8 1024k 32 150,170,200,250 
NMC27C0100E 128kx 8 1024k 32 150,170,200 
NMC27C0100M 128k x 8 1024k 32 170,200 

NMC27C10240 64k x 16 1024k 40 150,170,200,250 
NMC27C10240E 64k x 16 1024k 40 150,170,200 
NMC27C10240M 64k x 16 1024k 40 170,200 

NMC27C0200 256k x 8 2048k 32 150,170,200,250 
NMC27C0200E 256k x 8 2048k 32 150,170,200 
NMC27C0200M 256kx 8 2048k 32 170,200 

NMC27C20480 128k x 16 2048k 40 150,170,200,250 
NMC27C20480E 128k x 16 2048k 40 150,170,200 
NMC27C20480M 128k x 16 2048k 40 170,200 

CMOS FLASH EEPROMs 

NMC48F512N 64kx8 512k 32 200,250,300 
NMC48F512NE 64kx8 512k 32 250,300 
NMC48F5120NM 64kx8 512k 32 300 
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Prog. PS Temp 
Volt. Tol. Range 

13 10% O·Cto +70·C 
13 10% - 40·C to + 85·C 
13 10% - 55·C to + 125·C 

13 10% O·Cto +70·C 
13 10% - 40·C to + 85·C 
13 10% - 55·C to + 125·C 

13 10% O·Cto +70·C 
13 10% -40·C to +85·C 
13 10% - 55·C to + 125·C 

13 10% O·Cto +70·C 
13 10% - 40·C to + 85·C 
13 10% - 55·C to + 125·C 

13 10% O·Cto +70·C 
13 10% - 40·C to + 85·C 
13 10% - 55·C to + 125·C 

12 10% O·Cto +70·C 
12 10% - 40·C to + 85·C 
12 10% - 55·C to + 125·C 



~National 
~ Semiconductor 

PRELIMINARY 

One-Time-Programmable EPROMs 

National Semiconductor plans to introduce the following 
EPROMs in a plastic One-Time-Programmable package in 
1988: 

NMC27C32BN 

NMC27C64N 

NMC27C64BN 

NMC27C256BN 

NMC27C512AN 

The One-Time-Programmable EPROM, or OTP, is an 
EPROM packaged in a molded plastic package without a 
quartz window. This part is particularly advantageous for us
ers of the EPROM who are in high volume production, as 
opposed to those who use it for pattern experimentation 

Surface Mount Packaging 
National Semiconductor plans to produce CMOS PROMs in 
plastic surface mount package. This package will give users 
the advantages of molded packages and will also be signifi
cantly smaller than dual-in-line packages. 

The plastic surface mount package does not have a quartz 
window and it is not hermetically sealed, so it can be pro
duced very economically. It is therefore advantageous for 
cost sensitive, high volume users who have no need to 
erase and reprogram. 

System designers can use surface mount packages to opti
mize their PC board density. Surface mount packages differ 
from dual-in-line packages in that lead spacings are 0.050" 

1-5 

and proto-typing. National can produce the OTP very eco
nomically because neither a quartz window nor a hermeti
cally sealed package is required. 

Since the OTP does not have a quartz window to expose 
the chip to UV light, the device cannot be erased. It there
fore can only be programmed once by the user. 

The plastic OTP EPROM has the additional advantage as a 
production part that it works well in automatic insertion 
equipment. 

National Semiconductor has earned an excellent reputation 
in the industry for product reliability. The OTP EPROM will 
be produced with the same stringent reliability standards as 
other National products. 

instead of 0.100" , and the leads bond to the surface of the 
board as opposed to through-hole mounting. The tighter 
lead spacings allow a three-to-one improvement in compo
nent mounting density. Surface mounting also allows sys
tem designers to place components on both sides of the PC 
board. 

National Semiconductor has had many years of experience 
building surface mount packages. The company has an ex
cellent reputation in the industry for product reliability and 
the surface mount CMOS PROMs will be built with the same 
stringent reliability standards as other National products. 
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NMC27C16 
16,384-Bit (2048 x 8) UV Erasable CMOS PROM 

General Description 
The NMC27C16 is a high speed 16k UV erasable and elec
trically reprogrammable CMOS EPROM, ideally suited for 
applications where fast turnaround, pattern experimentation 
and low power consumption are important requirements. 

The NMC27C16 is packaged in a 24-pin dual-in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written into the device by follow
ing the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, p2CMOSTM silicon gate technology. 

Block Diagram 

Features 
• Access time down to 300 ns 
• Low CMOS power consumption 

- Active Power: 26.25 mW max 
- Standby Power: 0.53 mW max (98% savings) 

• Performance compatible to NSC800TM CMOS 
microprocessor 

• Single 5V power supply 
• Extended temperature range available 

(NMC27C16E-45), -40°C to +85°C, 450 ns ±5% 
power supply 

• Pin compatible to MM2716 and higher density EPROMs 
• Static-no clocks required 
• TTL compatible inputs/outputs 
• TRI-STATE® output 

Vee 0---+ 
GND 0--+ 
Vpp 0---+ 

DATA OUTPUTS 00-07 

AO-A1D 
ADDRESS 

INPUTS 

OUTPUT ENABLE 
CHIP ENABLE 

AND PROG LOGIC 

y 
DECODER 

X 
DECODER 

OUTPUT 
BUFFERS 

Y GATING 

16.384-BIT 
CELL MATRIX 
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TL/D/5275-1 

Pin Names 

AO-A10 Addresses 

CE Chip Enable 

OE Output Enable 

00-0 7 Outputs 

PGM Program 

NC No Connect 



Connection Diagram 

27C256 27C128 27C64 27C32 27C32 27C64 

27256 27128 2764 2732 2732 2764 

Vpp Vpp Vpp Dual-In-Llne Package Vee 

A12 A12 A12 NMC27C16 PGM 

A7 A7 A7 A7 A7- 1 241-- Vee Vee NC 

A6 A6 A6 A6 A6- 2 23 I-- AS A8 A8 

A5 A5 A5 A5 A5- 3 22 I-- A9 A9 A9 

A4 A4 A4 A4 A4-4 21 I-- VPI' A11 A11 

A3 A3 A3 A3 A3- 5 20l--llt OElVpp OE 

A2 A2 A2 A2 A2- 6 191-- A10 A10 A10 

A1 A1 A1 A1 A1- 7 181--~ CE CE 

AO AO AO AO AO- 8 17 I-- 07 07 07 

00 00 00 00 00- 9 161-- 0& 06 06 

0, 0, 0, 0, 01- 10 15 I-- Os 05 05 

02 02 02 02 OZ-11 14 I-- O. 04 04 

GND GND GND GND GND- 12 131-- 03 03 03 

TL/D/5275-2 

Top View 
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C16 pins. 

Order Number NMC27C16 
See NS Package Number J24AQ 

Commercial Temp Range (O°C to + 70°C) Vee = 5V ± 5% 

Parameter/Order Number Access Time (ns) 

NMC27C16-30 300 

NMC27C16-35 350 

NMC27C16-45 450 

NMC27C16-55 550 

1-7 

27C128 

27128 

Vee 

PGM 

A13 

A8 

A9 

A11 

OE 

A10 

CE 

07 

06 

05 

04 

03 

27C256 

27256 

Vee 

A14 

A13 

A8 

A9 

A11 

OE 

A10 

CE 

0 7 

06 

05 

0 4 
0 3 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Power Dissipation 1.0W 
contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 seconds) 300°C 
Distributors for availability and specifications. 

Temperature Under Bias -10°C to + 80°C Operating Conditions (Note 9) 
Storage Temperature - 65°C to + 125°C Temperature Range 
All Input Voltages with NMC27C16-30, -35, -45, -55 O°Cto +70°C 

Respect to Ground +6.5Vto -0.3V NMC27C16E-45 - 40°C to + 85°C 

All Output Voltages with Vee Power Supply (Notes 2 and 3) 5V ±5% 
Respect to Ground (Note 11) Vee+ 0.3V to GND-0.3V Vpp Power Supply (Note 3) Vee 

Vpp Supply Voltage with 
Respect to Ground 
During Programming + 26.5V to -0.3V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ (Note 4) Max Units 

III Input Load Current VIN = Vee or GND 10 J.tA 

IlO Output Leakage Current VOUT = Vee or GND, CE = VIH 10 J.tA 

leC1 Vee Current (Active) OE = CE = Vll, f = 1 MHz 
2 10 mA 

(Note 3) TTL Inputs Inputs = VIH or VIL, 110 = 0 mA 

leC2 Vee Current (Active) OE = CE = Vll, f = 1 MHz 
1 5 mA 

(Note 3) CMOS Inputs Inputs = Vee or GND, 110 = 0 mA 

leCSB1 Vee Current (Standby) CE = VIH 0.1 1 mA 
TTL Inputs 

leCSB2 Vee Current (Standby) CE = Vee 
0.01 0.1 mA 

CMOS Inputs 

VIL Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOl = 2.1 mA 0.45 V 

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

VOL2 Output Low Voltage IOl = 0 J.tA 0.1 V 

VOH2 Output High Voltage IOH = 0 J.tA Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C16 

Symbol Parameter Conditions -3~ -35 E-45, -45 -55 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = Vil 300 350 450 550 ns 

teE CE to Output Delay OE = Vil 300 350 450 550 ns 

tOE OE to Output Delay CE = Vil 120 120 120 160 ns 

tOF OE High to Output Float CE = Vil 0 100 0 100 0 100 0 100 ns 

tOH Output Hold from Addresses, CE = OE = Vil 
(Note 5) CE or OE, Whichever 0 0 0 0 ns 

Occurred First 

1-8 



Capacitance T A = + 25°C, f = 1 MHz (Note 5) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

Conditions Typ 

VIN = OV 4 

VOUT = OV 8 

1 TIL Gate and 
CL = 100pF 

:0::20 ns 

0.8Vto 2.2V 

AC Waveforms (Notes 2,8,9,10) 

ADDRESSES 

VOH 
OUTPUT 

Max Units 

6 pF 

12 pF 

Timing Measurement Reference Level 
Inputs 

ADDRESSES 
VALID 

Outputs 

tOF (NOTE 7) t----~ 

VALID OUTPUT 

toH-

Hi-Z 

1V and 2V 
0.8Vand 2V 

TL/D/5275-3 

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

Note 2: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

Note 3: Vpp may be connected to Vcc except during programming. ICCI :5: the sum of the Icc active and Ipp read currents. 

Note 4: Typical values are for T A = + 25'C and nominal supply voltages. 

Note 5: This parameter is only sampled and is not 100% tested. 

Note 6: OE may be delayed up to tACC - tOE after the falling edge of CE without impact on tACC. 

Note 7: The tOF compare level is determined as follows: 
High to TRI·STATE, the measured VOHI (DC) - 0.10V 
Low to TRI·STATE, the measured VOLl (DC) + 0.10V 

Note 8: TRI·STATE may be attained using OE or CE. 
Note 9: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that a 0.1 IlF ceramic capaCitor be used on every 
device between Vcc and GND. 

Note 10: The NMC27C16 requires one address transition after initial power-up to reset the outputs. 

Note 11: The outputs must be restricted to VCC + 0.3V to avoid latch·up and device damage. 
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PROGRAMMING CHARACTERISTICS (Note 1) 

DC Programming Characteristics (Notes 2 & 3) 

(TA = +25°C ±5°C, Vee = 5V ±5%, Vpp = 25V ± 1V) 

Symbol Parameter Conditions Min Typ Max 

III Input Current (for Any Input) VIN = Vee or GND 10 

Ipp Vpp Supply Current During CE/PGM = VIH 
30 

Programming Pulse 

Icc Vee Supply Current 10 

VIL Input Low Level -0.1 0.8 

VIH Input High Level 2.0 Vce + 1 

AC Programming Characteristics (Notes 2 & 3) 

(T A = + 25°C ± 5°C, Vee = 5V ± 5%, Vpp = 25V ± 1V) 

Symbol Parameter Conditions Min Typ Max 

lAS Address Setup Time 2 

IOES OE Setup Time 2 

los Data Setup Time 2 

IAH Address Hold Time 2 

tOEH OE Hold Time 2 

tOH Data Hold Time 2 

tOF Output Enable to Output Float Delay CE/PGM = VIL 0 160 

tOE Output Enable to Output Delay CE/PGM = VIL 160 

tpw Program Pulse Width 45 50 55 

tpRT Program Pulse Rise Time 5 

tPFT Program Pulse Fall Time 5 

AC Test Conditions 
Vee 5V ±5% Timing Measurement Reference Level 

Vpp 25V ±1V Inputs 

Input Rise and Fall Times :O;20ns Outputs 

Input Pulse Levels 0.8Vto 2.2V 
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Units 

p,A 

mA 

mA 

V 

V 

Units 

p,s 

p,s 

p,s 

p,s 

p,s 

p,s 

ns 

ns 

ms 

ns 

ns 

1V and 2V 
0.8Vand 2V 



Programming Waveforms (Note 3) Vpp = 25V ±1V, Vcc = 5V ±5% 

ADDRESS VIH 
VIL 

tDF 
(0.16 MAX) 

DE VIH 

VIL 

VIH 
CE/PGM VIL 

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

DATA IN STABLE 
ADO N+m 

TL/D/5275-4 

Note: All times shown in parentheses are minimum and in /Ls unless otherwise specified. 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vee must be applied simultaneously or before Vpp and removed Simultaneously or after Vpp. The NMC27C16 must not be inserted into or removed from a 
board with Vpp at 25V ± 1 V to prevent damage to the device. 

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 26V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 26V maximum specification. A 0.1 /LF capacitor is required across Vpp, Vee to GND to suppress spurious voltage transients 
which may damage the device. 

Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C16 are listed in 
Table I. It should be noted that all inputs for the six modes 
are at TTL levels. The power supplies required are a 5V VCC 
and a Vpp. The Vpp power supply must be at 25V during the 
three programming modes, and must be at 5V in the other 
three modes. 

Read Mode 

The NMC27C16 has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tACe) is equal to the delay 
from CE to output (tCE)' Data is available at the outputs tOE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tACC-tOE' The 
NMC27C16 requires one address transition after initial pow
er-up to reset the outputs. 

Standby Mode 

The NMC27C16 has a standby mode which reduces the 
active power dissipation by 98%, from 26.25 mW to 
0.53 mW. The NMC27C16 is placed in the standby mode by 
applying a TTL high signal to the CE input. When in standby 
mode, the outputs are in a high impedance state, indepen
dent of the OE input. 

Output OR-Tying 

Because NMC27C16s are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 
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b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 18) be decoded and used as the pri
mary device selecting function, while OE (pin 20) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 26.5V on pin 21 (Vpp) will damage the 
NMC27C16. 

Initially, and after each erasure, all bits of the NMC27C16 
are in the "1" state. Data is introduced by selectively pro
gramming "Os" into the desired bit locations. Although only 
"Os" will be programmed, both "1s" and "Os" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27C16 is in the programming mode when the Vpp 
power supply is at 25V and OE is at VIH. It is required that a 
0.1 f1F capacitor be placed across Vpp, Vcc to ground to 
suppress spurious voltage transients which may damage 
the device. The data to be programmed is applied 8 bits in 
parallel to the data output pins. The levels required for the 
address and data inputs are TTL. 

When the address and data are stable, a 50 ms, active high, 
TTL program pulse is applied to the CE/PGM input. A pro
gram pulse must be applied at each address location to be 
programmed. You can program any location at any time
either individually, sequentially, or at random. The program 
pulse has a maximum width of 55 ms. The NMC27C16 must 
not be programmed with a DC signal applied to the CEI 
PGM input. 
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Functional Description (Continued) 

Programming multiple NMC27C16s in parallel with the same 
data can be easily accomplished due to the simplicity of the 
programming requirements. Like inputs of the paralleled 
NMC27C16s may be connected together when they are 
programmed with the same data. A high level TTL pulse 
applied to the CE/PGM input programs the paralleled 
NMC27C16s. 

Program Inhibit 

Programming multiple NMC27C16s in parallel with different 
data is also easily accomplished. Except for CE/PGM, all 
like inputs (including OE) of the parallel NMC27C16s may 
be common. A TTL level program pulse applied to an 
NMC27C16's CE/PGM input with Vpp at 25V will program 
that NMC27C16. A low level CE/PGM input inhibits the oth
er NMC27C16 from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 25V. Vpp must be at 
Vee, except during programming and program verify. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C16 are such that 
erasure begins to occur when exposed to light with wave
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores
cent lamps have wavelengths in the 3000A-4000A range. 
Opaque labels should be placed over the NMC27C16 win
dow to prevent unintentional erasure. Covering the window 
will also prevent temporary functional failure due to the gen
eration of photo currents. 

The recommended erasure procedure for the NMC27C16 is 
exposure to short wave ultraviolet light which has a wave
length of 2537 Angstroms (A). The integrated dose (I.e., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. The erasure time with this dosage is ap
proximately 21 minutes using an ultraviolet lamp with a 

12,000 p.W/cm2 power rating. The NMC27C16 should be 
placed within 1 inch of the lamp tubes during erasure. Some 
lamps have a filter on their tubes which should be removed 
before erasure. 
Note: The NMC27e16-55 may take up to 60 minutes for complete erasure 

to occur. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erosure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed, or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced on the 
falling and rising edges of chip enable. The magnitude of 
these transient current peaks is dependent on the output 
capacitance loading of the device. The associated transient 
voltage peaks can be suppressed by properly selected de
coupling capacitors. It is recommended that a 0.1 p.F ce
ramic capacitor be used on every device between Vee and 
GND. This should be a high frequency capacitor of low in
herent inductance. In addition, a 4.7 p.F bulk electrolytic ca
pacitor should be used between Vee and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE I. Mode Selection 

Pins CE/PGM OE Vp Vee Outputs 
Mode (18) (20) (21) (24) (9-11,13-17) 

Read VIL VIL Vee 5 DOUT 

Standby VIH Don't Care Vee 5 Hi-Z 

Program Pulsed VIL to VIH VIH 25 5 DIN 

Program Verify VIL VIL 25 5 DOUT 

Program Inhibit VIL VIH 25 5 Hi-Z 

Output Disable X VIH Vee 5 Hi-Z 
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~ Semiconductor 

NMC27C32 
32,768-Bit (4096 x 8) UV Erasable CMOS PROM 

General Description 
The NMC27C32 is a high speed 32k UV erasable and elec
trically reprogrammable CMOS EPROM, ideally suited for 
applications where fast turnaround, pattern experimentation 
and low power consumption are important requirements. 

The NMC27C32 is packaged in a 24-pin dual-in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written into the device by follow
ing the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, p2CMOSTM silicon gate technology. 

Features 
• Access time down to 300 ns 
• Low CMOS power consumption 

Active power: 26.25 mW max 
Standby power: 0.53 mW max (98% savings) 

Block Diagram 

• Performance compatible to NSC800™ CMOS 
microprocessor 

• Single 5V power supply 
• Extended temperature range available (NMC27C32E-45 

and NMC27C32HE-45), -40°C to + 85°C, 450 ns 
± 5% power supply 

• 10 ms programming available (NMC27C32H), an 80% 
time savings 

• Pin compatible to NMC2732 and higher density 
EPROMs 

• Static-no clocks required 
• TTL compatible inputs/ outputs 
• Two-line control 
• TRI-ST ATE® output 

Vee 0----+ 
GND 0----+ 
Vpp 0----+ 

DATA OUTPUTS 00-07 

AO-All 
ADDRESS 

INPUTS 

OUTPUT ENABLE AND 
CHIP ENABLE 

LOGIC 

y 
DECODER 

X 
DECODER 

OUTPUT 
BUFFERS 

Y GATING 

32.768-BIT 
CELL MATRIX 
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Pin Names 

AO-A11 Addresses 

CE Chip Enable 

OE Output Enable 

00-0 7 Outputs 



Connection Diagram 

27C256 27C128 27C64 27C16 27C216 27C64 27C128 27C256 

27256 27128 2764 2716 27216 2764 27128 27256 

Vpp Vpp Vpp NMC27C32 Vee Vee Vee 

A12 A12 A12 Dual-ln-L1ne Package 
PGM PGM A14 

A7 A7 A7 A7 A7- 1 24 - Vee Vee NC A13 A13 

A6 A6 A6 A6 A6- 2 23 -A8 AS AS A8 AS 

A5 A5 A5 A5 AS- 3 22 -A9 A9 A9 A9 A9 

A4 A4 A4 A4 A4- 4 21-Al1 Vpp A11 A11 A11 

A3 A3 A3 A3 A3- 5 20 - nE'/Vpp OE OE OE OE 

A2 A2 A2 A2 A2- 6 19 -A10 A10 A10 A10 A10 

A1 A1 A1 A1 Al-7 18 -U" CE CE CE CE 

AO AO AO AO AO- 8 17 -07 07 07 07 07 

00 00 00 00 00- 9 16 -06 06 06 06 06 

0 1 01 01 01 01-10 15 -05 Os Os Os Os 

02 02 02 02 02-11 14 _04 04 04 04 04 

GND GND GND GND GNO - 12 13 -03 03 03 03 03 

TL/D/5274-2 

Top View 

Order Number NMC27C32 
See NS Package Number J24AQ 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C32 pins. 

Commercial Temp Range WC to + 70·C) Vee = 5V ± 5% 

Parameter/Order Number Access Time (ns) 

NMC27C32-30, NMC27C32H-30 300 

NMC27C32-35, NMC27C32H-35 350 

NMC27C32-45, NMC27C32H-45 450 

NMC27C32-55, NMC27C32H-55 550 

Extended Temp Range (-40·C to + 85·C) Vee = 5V ±5% 

Parameter/Order Number I Access Time (ns) 

NMC27C32E-45, NMC27C32EH-45 I 450 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Power Dissipation 1.0W 
contact the National Semiconductor Sales Offlce/ Lead Temperature (Soldering, 10 seconds) 300·C 
Distributors for availability and specifications. 

Temperature under Bias -10·Cto +80°C Operating Conditions (Note 7) 
Storage Temperature - 65°C to + 125°C Temperature Range 
All Input Voltages with NMC27C32-30, NMC27C32-35, 

Respect to Ground + 6.5V to - 0.3V NMC27C32-45, NMC27C32-55, 

All Output Voltages with NMC27C32H-30, NMC27C32H-35, 

Respect to Ground Vee + 0.3V to GND -0.3V NMC27C32H-45, NMC27C32H-55 O°Cto +70·C 

Vpp Supply Voltage with Respect 
NMC27C32HE-45, NMC27C32E-45 - 40·C to + 85°C 

to Ground during Programming + 26.5V to - 0.3V Vee Power Supply 5V ±5% 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ (Note 2) Max Units 

III Input Load Current VIH = Vee or GND 10 J-lA 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 10 J-lA 

lee1 Vee Current (Active) OE = CE = VIL 
TTL Inputs Inputs = VIH or VIL, f = 1 MHz 2 10 mA 

1/0 = OmA 

lee2 Vee Current (Active) OE = CE = VIL 
CMOS Inputs Inputs = Vee or GND, f = 1 MHz 1 5 mA 

1/0 = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.01 0.1 mA 

CMOS Inputs 

VIL Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.45 V 

VOH1 Output High Voltage IOH = -400 J-lA 2.4 V 

VOL2 Output Low Voltage IOL = 0 J-lA 0.1 V 

VOH2 Output High Voltage IOH = 0 J-lA Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C32 

Symbol Parameter Conditions 
-30, H-30 -35, H-35 

-45, H-45 
-55, H-55 

E-45; HE-45 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 300 350 450 550 ns 

teE CE to Output Delay OE = VIL 300 350 450 550 ns 

tOE OE to Output Delay CE = VIL 150 150 150 150 ns 

tOF OE High to Output Float CE = VIL 0 130 0 130 0 130 0 130 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
(Note 3) CE or OE, Whichever 0 0 0 0 ns 

Occurred First 

1-15 

z 
3: 
o 
N 
....... 
o 
W 
N 



N 
Cf) 

~ Capacitance T A = + 25°C, f = 1 MHz (Note 3) 
N o 
:2: z 

Symbol Parameter Conditions Typ Max Units 

CIN1 Input Capacitance 

Except OElVpp 
VIN = OV 

4 6 pF 

CIN2 OElVpp Input 
Capacitance 

VIN = OV 
20 pF 

COUT Output Capacitance VOUT = OV 8 12 pF 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

1 TTL Gate and 
CL=100pF 

::;;20 ns 

0.45V to 2.4V 

Timing Measurement Reference Level 
Inputs 
Outputs 

AC Waveforms (Notes 6 &8) 
_ rr 

ADDRESSES V~IH ADDRESSES VALID ;r ) 

-------'.1---------------------------~~-----J~--------

rr j 
tOE "tor 

(NOTE4) f+- rr - (NOTES) 
Hi-Z """",. .. "'''''''' Hi-Z OUTPUT --+---f",f",f".~".,,~.,,~.,,~.,,~.,,{1 VALID OUTPUT rr 1-",1-

VOL ~~~~--------------~~------~~~ tACC .. t I 
- (NOTE 4) -- - OHI--

1V and 2V 
0.8Vand 2V 

TLlD/5274-3 

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

Note 2: Typical values are for T A = + 25'C and nominal supply voltages. 

Note 3: This parameter is only sampled and is not 100% tested. 

Note 4: OE may be delayed up to tACC - tOE after the falling edge of CE without impacting tACC' 

Note 5: The tDF compare level is determined as follows: 
High to TRI·STATE, the measured VOH1 (DC) - 0.10V; 
Low to TRI-STATE, the measured VOL1 (DC) + 0.10V. 

Note 6: TRI-STATE may be attained using OE or CE. 
Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that a 0.1 f.lF ceramic capacitor be used on every 
device between VCC and GND. 

Note 8: The outputs must be restricted to Vce + O.3V to avoid latch-up and device damage. 
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PROGRAMMING (Note 1) 

DC Programming Characteristics 
TA = +25°C ±5°C, Vee = 5V ± 5%, Vpp = 25V ±1V (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

III Input Current (AI! Inputs) VIN = Vee or GND 10 J.LA 

VOL Output Low Voltage During Verify IOl = 2.1 rnA 0.45 V 

VOH Output High Voltage During Verify IOH = - 400J.LA 2.4 V 

Icc Vee Supply Current 2 10 rnA 

Vil Input Low Level (All Inputs) -0.1 0.8 V 

VIH Input High Level (All Inputs except OElVpp) 2.0 Vee + 1 V 

Ipp Vpp Supply Current CE = Vll, OE = Vpp 30 rnA 

AC Programming Characteristics TA = +25°C ±5°C, Vee = 5V ± 5%, Vpp = 25V ±1V 

Symbol Parameter Conditions 
NMC27C32 NMC27C32H 

Units 
Min Typ Max Min Typ Max 

tAS Address Setup Time 2 2 J.Ls 

tOES OE Setup Time 2 2 J.Ls 

tos Data Setup Time 2 2 J.Ls 

tAH Address Hold Time 0 0 J.Ls 

tOEH OE Hold Time 2 2 J.Ls 

tOH Data Hold Time 2 2 J.Ls 

tOF Chip Enable to Output Float Delay 0 130 0 130 ns 

tov Data Valid from CE CE = Vll, OE = Vil 1 1 J.Ls 

tpw CE Pulse Width during Programming 45 50 55 9 10 11 ms 

tpRT OE Pulse Rise Time during Programming 50 50 ns 

tVR Vpp Recovery Time 2 2 J.Ls 

AC Test Conditions 
Vee 5V ± 5% Timing Measurement Reference Level 

Vpp 25V ± 1V Inputs 1V and 2V 

Input Rise and Fall Times :$;20 ns Outputs 0.8Vand 2V 

Input Pulse Levels 0.45V to 2.4V 
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Programming Waveforms (Note 3) 

ADDRESSES ADDRESS N 

DATA----<I 
DAT A~~r:~ABLE 1>-_____ H_i.Z_-+-V_OH_<1 

VOL 

OElVpp 
IpW 

145 OR 9 ms) IOEH 
'--IP-RT--' ---- -- (2) --

10.05) 

TL/D/5274-4 

Note: All times shown in parentheses are minimum and in ,....s unless otherwise specified .. 
The input timing reference level is 1V for a V'L and 2V for a V'H. 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vee must not be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C32 must not be inserted into or removed 
from a board with Vpp at 25V ± 1V to prevent damage to the device. 

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 26V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 26V maximum specification. A 0.1 ,....F capacitor is required across Vee to GND to suppress spurious voltage transients which 
may damage the device. 

Functional Description (Continued) 

DEVICE OPERATION 

The 6 modes of operation of the NMC27C32 are listed in 
Table I. A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for OElVpp during 
programming. In the program mode the OElVpp input is 
pulsed from a TTL level to 25V. 

Read Mode 

The NMC27C32 has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tACe) is equal to the delay 
from CE to output (tCE)' Data is available at the outputs after 
the falling edge of OE, assuming that CE has been low and 
addresses have been stable for at least tACC-tOE' 

Standby Mode 

The NMC27C32 has a standby mode which reduces the 
active power dissipation by 98%, from 26.25 mW to 
0.53 mW. The NMC27C32 is placed in the standby mode by 
applying a TTL high signal to the CE input. When in standby 
mode, the outputs are in a high impedance state, indepen
dent of the DE input. 
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Output OR· Tying 

Because EPROMS are usually used in larger memory ar
rays, National has provided a 2-line control function that 
accommodates this use of multiple memory connection. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 18) be decoded and used as the pri
mary device selecting function, while OE (pin 20) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 26.5V on pin 20 (Vpp) will damage the 
NMC27C32. 

Initially, and after each erasure, all bits of the NMC27C32 
are in the "1" state. Data is introduced by selectively pro
gramming "Os" into the desired bit locations. Although only 
"Os" will be programmed, both "1s" and "Os" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 



Functional Description (Continued) 

The NMC27C32 is in the programming mode when the OEI 
Vpp input is at 25V. It is required that a 0.1 fl-F capacitor be 
placed across OElVpp, Vee, and ground to suppress spuri
ous voltage transients which may damage the device. The 
data to be programmed is applied 8 bits in parallel to the 
data output pins. The levels required for tho address and 
data inputs are TTL. 

When the address and data are stable, a 50 ms (10 ms for 
the NMC27C32H devices) active low TTL program pulse is 
applied to the CE input. A program pulse must be applied at 
each address location to be programmed. You can program 
any location at any time-either individually, sequentially, or 
at random. The program pulse has a maximum width of 
55 ms (11 ms for the NMC27C32H devices). The 
NMC27C32 must not be programmed with a DC signal ap
plied to the CE input. 

Programming of multiple NMC27C32s in parallel with the 
same data can easily be accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C32s may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the CE input programs the paralleled 
NMC27C32s. 

Program Inhibit 

Programming multiple NMC27C32s in parallel with different 
data is also easily accomplished. Except for CE, all like in
puts (including OE) of the parallel NMC27C32s may be 
common. A TTL level program pulse applied to an 
NMC27C32's CE input with OElVpp at 25V will program 
that NMC27C32. A high level CE input inhibits the other 
NMC27C32s from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify is accomplished with OElVpp and CE at VIL. Data 
should be verified tDV after the falling edge of CEo 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C32 are such that 
erasure begins to occur when exposed to light with wave
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores
cent lamps have wavelengths in the 3000A-4000A range. 
After programming, opaque labels should be placed over 

the NMC27C32 window to prevent unintentional erasure. 
Covering the window will also prevent temporary functional 
failure due to the generation of photo currents. 

The recommended erasure procedure for the NMC27C32 is 
exprosure to shortwave ultraviolet light which has a wave
length of 2537 Angstroms (A). The integrated dose (Le., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. The erasure time with this dosage is ap
proximately 21 minutes using an ultraviolet lamp with a 
12,000 fl-W/cm2 power rating. The NMC27C32 should be 
placed within 1 inch of the lamp tubes during erasure. Some 
lamps have a filter on their tubes which should be removed 
before erasure. 
Note: The NMC27C32-55 and NMC27C32H-55 may take up to 60 minutes 

for complete erasure to occur. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occuring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced on the 
falling and rising edges of chip enable. The magnitude of 
these transient current peaks is dependent on the output 
capacitance loading of the device. The associated transient 
voltage peaks can be suppressed by properly selected de
coupling capacitors. It is recommended that a 0.1 fl-F ce
ramic capacitor be used on every device between Vee and 
GND. This should be a high frequency capacitor of low in
herent inductance. In addition, a 4.7 fl-F bulk electrolytic ca
pacitor should be used between Vee and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE I. Mode Selection 

Pins CE OE/Vpp Vee Outputs 

Mode (18) (20) (24) (9-11,13-17) 

Read VIL VIL 5 Dour 

Standby VIH Don't Care 5 Hi-Z 

Output Disable Don't Care VIH 5 Hi-Z 

Program VIL Vpp 5 DIN 

Program Verify VIL VIL 5 Dour 

Program Inhibit VIH Vpp 5 Hi-Z 
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NMC27C32B 32,768-Bit (4k x 8) 
High Speed Version UV Erasable CMOS PROM 

General Description 
The NMC27C328 is a high-speed 32k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C328 is designed to operate with a single + 5V 
power supply with ± 10% tolerance. The CMOS design al
lows the part to operate over the Extended Temperature 
Range. 

The NMC27C328 is packaged in a 24-pin dual-in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down to 

120 ns 
• Low CMOS power consumption 

- Active Power 110 mW Max 
- Standby Power 0.55 mW Max 

• Optimal EPROM for total CMOS systems 
• Performance compatible to NSC800TM CMOS micro

processor 
• Single 5V power supply 
• Extended temperature range (NMC27C328QE), -40°C 

to + 85°C, available 
• Pin compatible with NMOS 32k EPROMs 
• Fast and reliable programming (100 P.s for most bytes) 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Manufacturer's identification code for automatic pro

gramming control 
• High current CMOS level output drivers 

DATA OUTPUTS 00-07 
Vee 0--+ 

GND 0--+ 

AD-All 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

32.788 BIT 
CEll MATRIX 
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Pin Names 

AO-A11 Addresses 

CE Chip Enable 

OElVpp Output Enable/ 
Programming 
Voltage 

00-0 7 Outputs 



Connection Diagram 

27C256 27C128 27C64 27C16 27C16 27C64 

27256 27128 2764 2716 2716 2764 

Vpp Vpp Vpp NMC27C32B Vee 
Dual·ln·L1ne Package 

A12 A12 A12 PGM 

A7 A7 A7 A7 A7- 1 
'-.J 

24 ~Vcc Vee NC 

A6 A6 A6 A6 A6- 2 23 ~A8 AS AS 

A5 A5 A5 A5 A5- 3 22 ~A9 A9 A9 

A4 A4 A4 A4 A4- 4 21 ~All Vpp A11 

A3 A3 A3 A3 A3- 5 20 -O"E/Vpp OE OE 

A2 A2 A2 A2 A2- 6 19 -Al0 A10 A10 

A1 A1 A1 A1 Al- 7 18 -CE CE CE 

AO AO AO AO AO- 8 17 -07 07 07 

00 00 00 00 00- 9 16 -06 06 06 

01 01 01 01 01- 10 15 -05 05 05 

02 02 02 02 °2- 11 14 -04 04 04 

GND GND GND GND GND- 12 13 -03 03 03 

TLlD/8827 -2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C328 pins. 

Order Number NMC27C32BQ 
See NS Package Number J24AQ 

Commercial Temp Range (O·C to + 70·C) Vee = 5V ± 10% 

Parameter/Order Number Access Time (ns) 

NMC27C32B0120 120 

NMC27C32B0150 150 

N MC27C32B0200 200 

NMC27C32B0250 250 

Extended Temp Range (-40°C to + 85·C) Vee = 5V ± 10% 

Parameter/Order Number Access Time (n8) 

NMC27C32BOE200 200 

NMC27C32BOE250 250 
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COMMERCIAL TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, OE Vpp Supply and A9 Voltage with 
contact the National Semiconductor Sales Office/ Respect to Ground + 14.0V to -0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias -10°C to +80°C Lead Temperature (Soldering, 10 sec.) 300°C 
Extended Temp Parts Operating Temp ESD Rating 
Storage Temperature - 65°C to + 150°C (Mil Spec 883C, Method 3015.2) 2000V 

Vce Supply Voltage with 
Operating Conditions (Note 6) Respect to Ground +7.0Vto -0.6V 

All Input Voltages except A9 Temperature Range 
and OElVpp with NMC27C32B0120, 150, 200, 250 O°Cto +70°C 
Respect to Ground (Note 9) + 6.5V to - 0.6V NMC27C32BOE200, 250 - 40°C to + 85°C 

All Output Voltages with Vee Power Supply +5V ±10% 
Respect to Ground (Note 9) Vee + 1.0Vto GND-0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 0.01 1 /1-A 

Ipp OElVpp Load Current OElVpp = Vee or GND 10 /1-A 

ILO Output Leakage Current Your = Vee or GND, CE = VIH 0.01 1 /1-A 

lec1 Vee Current (Active) CE = VIL, f = 1 MHz 
15 30 mA 

TTL Inputs Inputs = VIH or VIL, 1/0 = 0 mA 

lec2 Vee Current (Active) CE = GND, f = 1 MHz 
10 20 mA 

CMOS Inputs Inputs = Vee or GND, 1/0 = 0 mA 

lecSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TIL Inputs 

lecSB2 Vee Current (Standby) CE = Vee 
0.5 100 /1-A 

CMOS Inputs 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

Vou Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -2.5 mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 /1-A 0.1 V 

VOH2 Output High Voltage IOH = -10 /1-A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C32B 

Symbol Parameter Conditions Q120 Q150 Q200, QE200 Q250,QE250 Units 

Min Max Min Max Min Max Min Max 

tAec Address to Output Delay CE = OE = VIL 120 150 200 250 ns 

teE CE to Output Delay OE = VIL 120 150 200 250 ns 

tOE OE to Output Delay CE = VIL 50 60 75 100 ns 

tDF OE High to Output Float CE = VIL 0 40 0 50 0 55 0 60 ns 

teF CE High to Output Float OE = VIL 0 40 0 50 0 55 0 60 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever 0 0 0 0 ns 
Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol Parameter Conditions 

CIN1 Input Capacitance except OElVpp VIN = OV 

CIN2 OElVpp Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

AC Waveforms (Note 7) 

VIN = OV 

VOUT = OV 

1 TIL Gate and 
CL = 100 pF (Note 8) 

::;:5 ns 

0.45V to 2.4V 

Typ 

6 

20 

9 

Max Units 

12 pF 

25 pF 

12 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

ADDRESSES 02 •. 0~;V.) ADDRESSES VALID .. ~ ____ ~I~.OyJ1~ ____________________________ ~;,~~------J1~---------

cr 2.0V 
rt I 

1-----------------------~,,'~-----' ~tcr-+ 
\. O.BV 
!--t

CE
_ 

OE/Vpp 2.0V 
O.BV 

tOE 

2.0V 
OUTPUT 

Hi-Z 
(NOTE 3) 

O.BV 
tACC 

I-- (NOTE 3) -

rr 

-4-

l' 

VALID OUTPUT ;; 
II 

(NOTES~,5) 

I 
tor 

- (NOTES~. 5) -4-

'It'-'-ll' Hi-Z 
#1111, 

... tOHI-

0.8Vand 2V 
0.8Vand 2V 

TLIO/8827 -3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: OE may be delayed up to tACC - toE after the falling edge of CE without impacting tACC. 

Note 4: The tDF and tCF compare level is determined as follows: 
High to TRI-STATE. the measured VOH1 (DC) - O.10V; 
Low to TRI-STATE. the measured VOLl (DC) + 0.10V. 

Note 5: TRI-STATE may be attained using 5E or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 J.lF ceramic capacitor be used on 
every device between VCC and GNO. 

Note 7: The outputs must be restricted to VCC + 1.0V to avoid latch-up and device damage. 

Note B: 1 TTL Gate: IOL = 1.6 mAt IOH = -400 J.lA. 
CL: 100 pF includes fixture capacitance. 

Note 9: Inputs and outputs can undershoot to - 2.0V for 20 ns Max. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 1 ,....s 

tOES OE Setup Time 1 ,....s 

tos Data Setup Time 1 ,....s 

tvcs Vcc Setup Time 1 ,....s 

tAH Address Hold Time 0 ,....s 

tOH Data Hold Time 1 ,....s 

tCF Chip Enable to Output Float Delay OE = VIL 0 60 ns 

tpw Program Pulse Width 95 100 105 ,....s 

tOEH OE Hold Time 1 ns 

tov Data Valid from CE OE = VIL 250 ns 

tpRT OE Pulse Rise Time 
50 

During Programming 
ns 

tVR Vpp Recovery Time 1 ,....s 

Ipp Vpp Supply Current During CE = VIL, 
30 mA 

Programming Pulse OE = Vpp 

Icc Vcc Supply Current 10 mA 

TA Temperature Ambient 20 25 30 ·C 

Vcc Power Supply Voltage 6.0 6.25 6.5 V 

Vpp Programming Supply Voltage 12.5 12.75 13.0 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Programming Waveforms 

PROGRAM PROGRAM_ 
VERIFY((. 

C ADDRESSES ]L) ADDRESS N " C.BV .. . 
~ 

2V HI-Z 2V" 
DATA DATA IN STABLE "' r DATA O\JT v~· ADO N 

0.8V 
ADO N Z O.8V1 " 

~ ~ ~ ~ 
I[ ~ ~ 

OE/V 12.5V -:1 rx PP O.8V 
rt 

~o 
tOEH C

VR1 

II 

tpRT l-

CE 2V , 
.. I C.BV 

ft
ves

-
.. 

vee 6.0V 
OV 

TL/D/8827-4 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 
Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 fLF capacitor is required across Vee to GND to suppress spurious 
voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the fast Program Algorithm. at typical power supply voltages and timings. The Min and Max Limit 
Parameters are Design parameters. not Tested or guaranteed. 
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Fast Programming Algorithm Flow Chart (Note 4) 

INCREMENT ADDR 

FIGURE 1 

1-25 

TL/D/BB27-5 

z 

== o 
N 
~ 
o 
W 
N 
OJ 



m 
'" o Interactive Programming Algorithm Flow Chart (Note 4) 
..... 
'" o 
::E 
z 

INCREMENT ADDR 

FIGURE 2 

1-26 

TLlD/8827-6 



Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C328 are listed in 
Table I. A single 5V power supply is required in the read 
mode. All inputs are TIL levels except for OElVpp during 
programming. In the program mode the OElVpp input is 
pulsed from a TIL low level to 12.75V. 

Read Mode 

The NMC27C32B has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (GE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tACe) is equal to the delay 
from CE to output (tCE)' Data is available at the outputs tOE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tACC-tOE. 

The sense amps are clocked for fast access time. Vcc 
should therefore the maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to ensure proper output data. 

Standby Mode 

The NMC27C32B has a standby mode which reduces the 
active power dissipation by 99%, from 110 mW to 0.55 mW. 
The NMC27C32B is placed in the standby mode by applying 
a CMOS high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 

Output OR-Tying 

Because EPROMs are usually used in larger memory ar
rays, National has provided a 2-line control function that 
accommodates this use of multiple memory connection. 
The 2-line control function allows for: 

a. The lowest possible memory power dissipation, and 

b. complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 18) be decoded and used as the pri
mary device selecting function, while OE (pin 20) be made a 

common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 20 OElVpp will damage 
the NMC27C32B. 

Initially, and after each erasure, all bits of the NMC27C32B 
are in the "1" state. Data is introduced by selectively pro
gramming "Os" into the desired bit locations. Although only 
"Os" will be programmed, both "1s" and "Os" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27C32B is in the programming mode when OEI 
Vpp is at 12.75V. It is required that at least a 0.1 p.F capaci
tor be placed across Vcc and ground to suppress spurious 
voltage transients which may damage the device. The data 
to be programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and data 
inputs are TTL. 

When the address and data are stable, an active low, TTL 
program pulse is applied to the CE input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C32B is programmed with the Fast 
Programming Algorithm shown in Figure 1. Each Address is 
programmed with a series of 100 p.s pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cells will 
Program with a single 100 p.s pulse. 
Note: Some programmer manufactures due to equipment limitation may of· 

fer interactive program Algorithm (Shown in Figure 2). 

The NMC27C328 must not be programmed with a DC signal 
applied to the CE input. 

Programming multiple NMC27C32Bs in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C328 may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the CE input programs the paralleled 
NMC27C32B. 

TABLE I. Mode Selection 

Pins CE OE/Vpp Vee Outputs 

Mode (18) (20) (24) (9-11,13-17) 

Read VIL VIL 5V Dour 

Standby VIH Don't Care 5V Hi-Z 

Program VIL 12.75V 6.25V DIN 

Program Verify VIL VIL 6.25V Dour 

Program Inhibit VIH 12.75V 6.25V Hi-Z 

Output Disable Don't Care VIH 5V Hi-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27C328 in parallel with different 
data is also easily accomplished. Except for CE all like in
puts (including OE) of the parallel NMC27C328 may be 
common. A TTL low level program pulse applied to an 
NMC27C328's CE input with OElVpp at 12.75V will pro
gram that NMC27C328. A TTL high level CE input inhibits 
the other NMC27C328 from being programmed. 

Program Verify 

A verify should be performed on the programmed bit to de
termine whether they were correctly programmed. The veri
fy is accomplished with OElVpp and CE at VIL. Data should 
be verified tov after the falling edge of CEo 

MANUFACTURER'S IDENTIFICATION CODE 

The NMC27C328 has a manufacturer's identification code 
to aide in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C328 is, "8F61", where "8F" designates that 
it is made by National Semiconductor, and "61" designates 
a 32k part. 

The code is accessed by applying 12.0V ± 0.5V to address 
pin A9. Addresses A1-A8, A10-A11, CE, and OE are held 
at VIL. Address AO is held at VIL for the manufacturer's 
code, and at VIH for the device code. The code is read out 
on the 8 data pins. Proper code access is only guaranteed 
at 25°C ± 5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C328 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. After programming, opaque labels should be placed 
over the NMC27C328's window to prevent unintentional 

erasure. Covering the window will also prevent temporary 
functional failure due to the generation of photo currents. 

The recommended erasure procedure for the NMC27C328 
is exposure to short wave ultraviolet light which has a wave
length of 2537 A. The integrated dose (Le., UV intenSity x 
exposure time) for erasure should be a minimum of 
15 W-sec/cm2. 

The NMC27C328 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C328 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intenSity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vee transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 J-LF ceramic 
capacitor be used on every device between Vee and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 J-LF bulk electrolytic 
capacitor should be used between Vee and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins 

Manufacturer Code 

Device Code 

AO 
(8) 

o 

Os 
(16) 

o 
o 

05 
(15) 

o 
o 

o 
o 

03 
(13) 

o 

TABLE III. Minimum NMC27C32B Erasure Time 

Light Intensity Erasure Time 
(J-LW/cm2) (Minutes) 

15,000 20 

10,000 25 

5,000 50 
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~National 
D Semiconductor 
NMC27C64 65,536-Bit (8k x 8) UV Erasable CMOS PROM 

General Description 
The NMC27C64 is a high-speed 64k UV erasable and elec
trically reprogrammable CMOS EPROM, ideally suited for 
applications where fast turnaround, pattern experimentation 
and low power consumption are important requirements. 

The NMC27C64 is designed to operate with a single + 5V 
power supply with ± 5% or ± 10% tolerance. The CMOS 
design allows the part to operate over Extended and Military 
Temperature Ranges. 

The NMC27C64 is packaged In a 2S-pin dual-in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down to 

150 ns 

• Low CMOS power consumption 
- Active Power: 55 mW max 
- Standby Power: 0.55 mW max 

• Performance compatible to NSC800™ CMOS micro
processor 

• Single 5V power supply 
• Extended temperature range (NMC27C64QE), -40·C 

to + 85·C, and military temperature range 
(N MC27C64QM), - 55·C to + 125°C, available 

• Pin compatible with NMOS 64k EPROMs 
• Fast and reliable programming 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATE@ output 
• Optimum EPROM for total CMOS systems 
• Manufacturer's identification code for automatic pro

gramming control 

DATA OUTPUTS 00-07 
Vee 0----. 

GNO 0----. 

Vpp 0----. 

AO-A12 
ADDRESS 

INPUTS 

OUTPUT ENABLE 
AND CHIP 

ENABLE LOGIC 

y 

DECODER 

X 
DECDDER 

DUTPUT 
BUFFERS 

Y GATING 

65.536·BIT 
CELL MATRIX 
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Pin Names 

AO-A12 Addresses 

CE Chip Enable 

OE Output Enable 

00-0 7 Outputs 

PGM Program 

NC No Connect 



Connection Diagram 

27C512 27C256 27C128 27C32 27C16 NMC27C64Q 27C16 27C32 27C128 27C256 27C512 

27512 27256 27128 2732 2716 Dual-In-Llne Package 2716 2732 27128 27256 27512 

A15 Vpp Vpp Vpp - 1 28 ~ Vee Vee Vee Vee 

A12 A12 A12 A12 - 2 27 ~ PGM PGM A14 A14 

A7 A7 A7 A7 A7 A7 - 3 26 - NC Vee Vee A13 A13 A13 

A6 A6 A6 A6 A6 A6- 4 25 - AS AS AS AS AS AS 

A5 A5 A5 A5 A5 A5- 5 24 - A9 A9 A9 A9 A9 A9 

A4 A4 A4 A4 A4 A4 - 6 23 -All Vpp A11 A11 A11 A11 

A3 A3 A3 A3 A3 A3- 7 22 - DE OE OE/vpp OE OE OE/vpp 

A2 A2 A2 A2 A2 A2- S 21 - Al0 A10 A10 A10 A10 A10 

A1 A1 A1 A1 A1 Al- 9 20 - CE ~/PGM CE CE CE/PGM CE 

AO AO AO AO AO AO- 10 19 -07 07 07 07 07 07 

00 00 00 00 00 00- 11 18 -06 06 06 06 06 06 

01 01 0 1 01 01 01- 12 17 ~05 Os Os Os Os Os 

02 02 O2 02 02 02- 13 16 ~04 04 04 04 04 04 

GND GND GND GND GND GND- 14 15 ~03 03 03 03 03 03 

TLlD/B634-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C64 pins. 

Order Number NMC27C64Q 
See NS Package Number J28AQ 

Commercial Temp Range (O°C to + 70°C) 
Vee = 5V ±50/0 

Parameter/Order Number Access Time (ns) 

NMC27C64Q15 150 

Vee = 5V ±100/0 

Parameter/Order Number Access Time (ns) 

NMC27C64Q150 150 
NMC27C64Q200 200 
NMC27C64Q250 250 
NMC27C64Q300 300 

Extended Temp Range (- 40°C to + 85°C) 
Vee = 5V ±100/0 

Parameter/Order Number Access Time (ns) 

NMC27C64QE150 150 
NMC27C64QE200 200 

Military Temp Range (- 55°C to + 125°C) 
Vee = 5V ±100/0 

Parameter/Order Number Access Time (ns) 

NMC27C64QM200 200 
NMC27C64QM250 250 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Vee Supply Voltage with 
contact the National Semiconductor Sales Office/ Respect to Ground + 7.0V to -0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias Lead Temperature (Soldering, 10 sec.) 300°C 

Commercial -10°Cto +80°C 
ESD Rating 

Military and Extended Operating Temp. Range 
(Mil Spec 883C, Method 3015.2) 2000V 

Storage Temperature - 65°C to + 150°C 

All Input Voltages except A9 with Operating Conditions (Note 7) 
Respect to Ground (Note 10) +6.5Vto -0.6V Temperature Range 

All Output Voltages with NMC27C64015, 0150, 200, 250, 300 O°Cto +70°C 
Respect to Ground (Note 10) Vee + 1.0V to GND-0.6V NMC27C640E200 - 40°C to + 85°C 

Vpp Supply Voltage and A9 NMC27C640M200. M250 - 55°C to + 125°C 
with Respect to Ground Vee Power Supply +5V±10% 
During Programming + 14.0V to - 0.6V except NMC27C64015 +5V ±5% 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 J.lA 

ILO Output Leakage Current VOUT = Vee or GND. CE = VIH 10 J.lA 

leel Vee Current (Active) CE = VIL. f = 5 MHz 
5 20 mA 

(Note 9) TIL Inputs Inputs = VIH or VIL. 1/0 = 0 mA 

lee2 Vee Current (Active) CE = GND. f = 5 MHz 
3 10 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND. 1/0 = 0 mA 

leeSBl Vee Current (Standby) CE = VIH 
0.1 1 mA 

TIL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 100 J.lA CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 J.lA 

VIL Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOLl Output Low Voltage IOL = 2.1 mA 0.45 V 

VOHl Output High Voltage IOH = -400 J.lA 2.4 V 

VOL2 Output Low Voltage IOL = 0 J.lA 0.1 V 

VOH2 Output High Voltage IOH = 0 J.lA Vcc - 0.1 V 

AC Electrical Characteristics 
NMC27C64Q 

Symbol Parameter Conditions 15,150,E150 200, E200, M200 250, M250 300 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 
150 200 250 300 ns 

PGM = VIH 

teE CE to Output Delay OE = VIL. PGM = VIH 150 200 250 300 ns 

tOE OE to Output Delay CE = VIL. PGM = VIH 60 60 70 150 ns 

tOF OE High to Output Float CE = VIL. PGM = VIH 0 60 0 60 0 60 0 130 ns 

tCF CE High to Output Float OE = VIL. PGM = VIH 0 60 0 60 0 60 0 130 ns 

tOH Output Hold from Addresses. CE = OE = VIL 
CE or OE. Whichever PGM = VIH 0 0 0 0 ns 
Occurred First 
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Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

Conditions Typ 

VIN = OV 6 

VOUT = OV 9 

1 TTL Gate and 
CL = 100 pF (Note 8) 

::;:5 ns 

0.45V to 2.4V 

AC Waveforms (Notes 6 & 9) 

Max Units 

8 pF 

12 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

ADDRESSES ADDRESSES VALID 

CE 2.0V 
O.BV 

OE 2.0V 
O.BV 

OUTPUT ~2.~Ov~-+_HI_-_Z_~~~~~ VALID OUTPUT 
O.BV ~~~~*----------\\-----+-0040'-""""""" 

1+-___ tAcc ___ ~ 

(NOTE 3) 

0.8Vand 2V 
0.8Vand 2V 

HI-Z 

TL/D/8634-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: DE may be delayed up to tACC - toE after the falling edge of CE without impacting tACC. 

Note 4: The tOF and tCF compare level is determined as follows: 
High to TRI-STATE, the measured VOH1 (DC) - 0.10V; 
Low to TRI-STATE, the measured VOL1 (DC) + 0.10V. 

Note 5: TRI-STATE may be attained using OE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 fLF ceramic capacitor be used on 
every device between VCC and GND. 

Note 7: The outputs must be restricted to Vcc + 1.0V to avoid latch·up and device damage. 

Note 8: 1 TTL Gate: IOL = 1.6 mA, IOH = -400 fLA. 
CL: 100 pF includes fixture capacitance. 

Note 9: Vpp may be connected to VCC except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 2 ,...5 

tOES OE Setup Time 2 ,...5 

teEs CE Setup Time 2 ,...5 

tos Data Setup Time 2 ,...5 

tvps Vpp Setup Time 2 ,...5 

tves Vee Setup Time 2 ,...5 

tAH Address Hold Time 0 ,...5 

tOH Data Hold Time 2 ,...5 

tOF Output Enable to Output Float Delay CE = VIL 0 130 ns 

tpw Program Pulse Width 0.45 0.5 0.55 ms 

tOE Data Valid from OE CE = VIL 150 ns 

Ipp Vpp Supply Current During CE = VIL 30 rnA 
Programming Pulse PGM = VIL 

lee Vee Supply Current 10 rnA 

TA Temperature Ambient 20 25 30 ·C 

Vee Power Supply Voltage 5.75 6.0 6.25 V 

Vpp Programming Supply Voltage 12.2 13.0 13.3 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 
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Programming Waveforms (Note 3) 

1---- PROGRAM ___ """'* ___ --P~~~~M----J 

ADDRESSES 

DATA 
Hi-Z 

OE 2V 
O.SV 

TL/D/8634-6 

Note 1: National's standard product warranty applies to devices programmed to specifications described herein. 

Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 fLF capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the interactive Program Algorithm, at typical power supply voltages and timings. The min and max limit 
parameters are design parameters, not tested or guaranteed. 
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Interactive Programming Algorithm Flow Chart 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C64 are listed in 
Table I. It should be noted that all inputs for the six modes 
are at TTL levels. The power supplies required are Vee and 
Vpp. The Vpp power supply must be at 13.0V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vee power supply must be at 6V during 
the three programming modes, and at 5V in the other three 
modes. 

Read Mode 

The NMC27C64 has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (eE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. The programming pin 
(PGM) should be at VIH except during programming. Assum
ing that addresses are stable, address access time (tAee) is 
equal to the delay from CE to output (teE)' Data is available 
at the outputs tOE after the falling edge of OE, assuming 
that CE has been low and addresses have been stable for 
at least tAee-tOE. 

The sense amps are clocked for fast access time. Vee 
should therefore be maintained at operating voltage during 
read and verify. If Vee temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C64 has a standby mode which reduces the 
active power dissipation by 99%, from 55 mW to 0.55 mW. 
The NMC27C64 is placed in the standby mode by applying 
a CMOS high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 

Output OR-Tying 

Because NMC27C64s are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 20) be decoded and used as the pri
mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C64. 

Initially, all bits of the NMC27C64 are in the "1" state. Data 
is in~roduced by selectively programming "Os" into the de
sired bit locations. Although only "Os" will be programmed, 
both "1s" and "Os" can be presented in the data word. A 
"0" cannot be changed to a "1" once the bit has been 
programmed. 

The NMC27C64 is in the programming mode when the Vpp 
power supply is at 13.0V and OE is at VIH. It is required that 
at least a 0.1 /LF capacitor be placed across Vpp, Vee to 
ground to suppress spurious voltage transients which may 
damage the device. The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels required 
for the address and data inputs are TTL. 

For programming, CE should be kept TTL low at all times 
while Vpp is kept at 13.0V. 

When the address and data are stable, an active low, TTL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C64 is designed to be programmed 
with interactive programming, where each address is pro
grammed with a series of 0.5 ms pulses until it verifies (up to 
a maximum of 20 pulses or 10 ms). The NMC27C64 must 
not be programmed with a DC signal applied to the PGM 
input. 

Programming multiple NMC27C64s in parallel with the same 
data can be easily accomplished due to the simplicity of the 
programming requirements. Like inputs of the paralleled 
NMC27C64s may be connected together when they are 
programmed with the same data. A low level TTL pulse ap
plied to the PGM input programs the paralleled 
NMC27C64s. 

TABLE I. Mode Selection 

Pins CE OE PGM Vpp Vee Outputs 
Mode (20) (22) (27) (1) (28) (11-13,15-19) 

Read VIL VIL VIH 5V 5V DOUT 

Standby VIH Don't Care Don't Care 5V 5V Hi-Z 

Output Disable Don't Care VIH VIH 5V 5V Hi-Z 

Program VIL VIH 13V 6V DIN 

Program Verify VIL VIL VIH 13V 6V DOUT 

Program Inhibit VIH Don't Care Don't Care 13V 6V Hi-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27C64s in parallel with different 
data is also easily accomplished. Except for CE all like in
puts (including OE and PGM) of the parallel NMC27C64 
may be common. A TIL low level program pulse applied to 
an NMC27C64's PGM input with CE at VIL and Vpp at 13.0V 
will program that NMC27C64. A TTL high level CE input 
inhibits the other NMC27C64s from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 13.0V. Vpp must be at 
Vee, except during programming and program verify. 

MANUFACTURER'S IDENTIFICATION CODE 

The NMC27C64 has a manufacturer's identification code to 
aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C64 is "8FC2", where "8F" designates that it 
is made by National Semiconductor, and "C2" designates a 
64k part. 

The code is accessed by applying 12V ± 0.5V to address 
pin A9. Addresses A1-A8, A10-A12, CE, and OE are held 
at VIL. Address AO is held at VIL for the manufacturer's 
code, and at VIH for the device code. The code is read out 
on the 8 data pins. Proper code access is only guaranteed 
at 25°C ± 5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in a EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C64 are such that 
erasure begins to occur when exposed to light with wave
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores
cent lamps have wavelengths in the 3000A-4000A range. 

After programming, opaque labels should be placed over 
the NMC27C64's window to prevent unintentional erasure. 
Covering the window will also prevent temporary functional 
failure due to the generation of photo currents. 

The recommended erasure procedure for the NMC27C64 is 
exposure to short wave ultraviolet light which has a wave
length of 2537 Angstroms (A). The integrated dose (Le., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 

The NMC27C64 should be placed within 1 inch of the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C64 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 JLF ceramic 
capacitor be used on every device between Vec and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 JLF bulk electrolytic 
capacitor should be used between Vee and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins 
Ao 07 06 05 04 03 02 01 00 Hex 

(10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code VIL 1 0 0 0 1 1 1 1 8F 

Device Code VIH 1 1 0 0 0 0 1 0 C2 

TABLE III. Minimum NMC27C64 Erasure Time 

Light Intensity Erasure Time 
(Mlcro-Watts/cm2) (Minutes) 

15,000 20 

10,000 25 

5,000 50 
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NMC27C64N 65,536-Bit (8k x 8) 
One-Time Programmable CMOS PROM 

General Description 
The NMC27C64N is a high-speed 64k one-time programma
ble CMOS PROM. It is ideally suited for high volume produc
tion applications where low cost, fast turnaround, and low 
power consumption are important factors and reprogram
ming is not required. 

The NMC27C64N is designed to operate with a single + 5V 
power supply with ± 10% tolerance. The NMC27C64N is 
packaged in a 28-pin dual-in-line plastic molded package 
without a transparent lid. This part is ideally suited for high 
volume production applications where cost is an important 
factor and programming only needs to be done once. Also 
the plastic molded package works well in auto insertion 
equipment used in automated assembly lines. 

This device is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down to 

150 ns, CMOS technology 
• Low CMOS power consumption 

- Active Power: 55 mW max 
- Standby Power: 0.55 mW max 

• Performance compatible to NSC800™ CMOS micro-
processor 

• Single 5V power supply 
• Pin compatible with all 64k EPROMs 
• Fast and reliable programming 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Optimum PROM for total CMOS systems 
• Manufacture's identification code for automatic pro

gramming control 

DATA OUTPUTS 00-07 

AO-A12 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

65.536·BIT 
CEll MATRIX 
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AO-A12 

CE 

OE 

00-0 7 

PGM 

NC 

Pin Names 

Addresses 

Chip Enable 

Output Enable 

Outputs 

Program 

No Connect 



Connection Diagram 

~7C512 27C256 27C128 27C32 27C16 NMC27C64N 27C16 27C32 27C128 

27512 27256 27128 2732 2716 Dual-In-Llne Package 2716 2732 27128 

A15 Vpp Vpp Vpp - 1 28 - Vee Vee 

A12 A12 A12 A12 - 2 27 - PGM PGM 

A7 A7 A7 A7 A7 A7 - 3 26 - NC Vee Vee A13 

A6 A6 A6 A6 A6 A6 - 4 25 - A8 AS AS AS 

A5 A5 A5 A5 A5 A5 - 5 24 - A9 A9 A9 A9 

A4 A4 A4 A4 A4 A4 - 6 23 - All Vpp A11 A11 

A3 A3 A3 A3 A3 A3- 7 22 - DE OE OENpp OE 

A2 A2 A2 A2 A2 A2- 8 21 - Al0 A10 A10 A10 

A1 A1 A1 A1 A1 Al- 9 20 - CE CE/PGM CE CE 

AO AO AO AO AO AO- 10 19 ~07 07 07 07 

00 00 00 00 00 00- 11 18 ~06 06 06 06 

01 01 01 01 01 01- 12 17 ~05 Os Os Os 

02 02 02 02 02 02- 13 16 ~04 04 04 04 

GND GND GND GND GND GNO- 14 15 ~03 03 03 03 

TLIO/9686-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C64N pins. 

Order Number NMC27C64N 
See NS Package Number N28B 

Commercial Temp Range WC to + 70°C) 

Vee = 5V ± 10% 

Parameter/Order Number Access Time (ns) 

NMC27C64N150 150 

NMC27C64N200 200 

NMC27C64N250 250 

(For Non Commercial Temp. Range Parts, Call Factory) 
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Vee 

A14 

A13 

AS 

A9 

A11 

OE 
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CE/PGM 

07 

06 

Os 

04 
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27C512 

27512 

Vee 

A14 

A13 

AS 

A9 

A11 

OENpp 

A10 

CE 

07 
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Os 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Vee Supply Voltage with 
contact the National Semiconductor Sales Office/ Respect to Ground + 7.0V to -0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias -10°C to + 80°C Lead Temperature (Soldering, 10 sec.) 300°C 
Storage Temperature - 65°C to + 150°C ESD Rating 
All Input Voltages except A9 with (Mil Spec 883C, Method 3015.2) 2000V 

Respect to Ground (Note 10) +6.5Vto -0.6V 

All Output Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) Vee+ 1.0V to GND-0.6V Temperature Range O°Cto + 70°C 

Vpp Supply Voltage and A9 Vee Power Supply +5V ±10% 
with Respect to Ground 
During Programming + 14.0V to - 0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 p.A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 10 p.A 

lec1 Vee Current (Active) CE = VIL, f = 5 MHz 
5 20 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL, 1/0 = 0 rnA 

lec2 Vee Current (Active) CE = GND, f = 5 MHz 
3 10 rnA 

(Note 9) CMOS Inputs Inputs = Vee or GND, 1/0 = 0 rnA 

lecSB1 Vee Current (Standby) CE = VIH 
0.1 1 rnA 

TIL Inputs 

lecSB2 Vee Current (Standby) CE = Vee 
0.5 100 p.A 

CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 p.A 

VIL Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 rnA 0.45 V 

VOH1 Output High Voltage IOH = -400 rnA 2.4 V 

VOL2 Output Low Voltage IOL = 0 p.A 0.1 V 

VOH2 Output High Voltage IOH = 0 p.A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C64N 

Symbol Parameter Conditions 150 200 250 Units 

Min Max Min Max Min Max 

tAce Address to Output Delay CE = OE = VIL 
150 200 250 ns 

PGM = VIH 

teE CE to Output Delay OE = VIL, PGM = VIH 150 200 250 ns 

tOE OE to Output Delay CE = VIL, PGM = VIH 60 60 70 ns 

tOF OE High to Output Float CE = VIL, PGM = VIH 0 60 0 60 0 60 ns 

teF CE High to Output Float OE = VIL, PGM = VIH 0 60 0 60 0 60 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever PGM = VIH 0 0 0 ns 
Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

Conditions Typ 

VIN = OV 5 

VOUT = OV 8 

1 TTL Gate and 
CL = 100 pF (Note 8) 

::::5 ns 

0.45V to 2.4V 

AC Waveforms (Notes 6, 7 & 9) 

Max Units 

10 pF 

10 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

ADDRESSES ADDRESSES VALID 

OUTPUT 

2V 
O.SV 

2V 
O.SV 

2.0V----r~~~~~~t:~~~~~~:~::::::l:~~~~ VALID OUTPUT 
O.BV 

0.8Vand 2V 
0.8V and 2V 

TL/D/9686-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: C5E may be delayed up to tACC - toE after the falling edge of ~ without impacting tACC. 

Note 4: The tOF and tcF compare level is determined as follows: 
High to TRI·STATE, the measured VOH1 (DC) - 0.10V; 
Low to TRI·STATE, the measured VOlt (DC) + 0.10V. 

Note 5: TRI·STATE may be attained using C5E or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 /LF ceramic capacitor be used on 
every device between VCC and GND. 

Note 7: The outputs must be restricted to Vee + 1.0V to avoid latch·up and device damage. 

Note 8: 1 TIL Gate: IOL = 1.6 mA, IOH = - 400 /LA. 
CL: 100 pF includes fixture capacitance. 

Note 9: Vpp may be connected to Vee except during programming. 

Note 10: Inputs and outputs can undershoot to -0.2V for 20 ns Max. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 2 J-ts 

tOES OE Setup Time 2 J-ts 

teEs CE Setup Time 2 J-ts 

tos Data Setup Time 2 J-ts 

tvps Vpp Setup Time 2 J-ts 

tves Vee Setup Time 2 J-ts 

tAH Address Hold Time 0 J-ts 

tOH Data Hold Time 2 J-ts 

tOF Output Enable to Output Float Delay CE = VIL 0 130 ns 

tpw Program Pulse Width 0.45 0.5 0.55 ms 

tOE Data Valid from OE CE = VIL 150 ns 

Ipp Vpp Supply Current During CE = VIL 
30 mA 

Programming Pulse PGM = VIL 

lee Vee Supply Current 10 mA 

TA Temperature Ambient 20 25 30 °C 

Vee Power Supply Voltage 5.75 6.0 6.25 V 

Vpp Programming Supply Voltage 12.2 13.0 13.3 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Note 1: National's standard product warranty applies to devices programmed to specifications described herein. 
Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least 0.1 ",F capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 
Note 4: Programming and program verify are tested with the Interactive Program Algorithm, at typical power supply voltages and timings. The min and max limit 
parameters are design parameters, not tested or guaranteed. 
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Programming Waveforms (Note 3) 

OE 2V 
O.BV 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C64N are listed in 
Table I. It should be noted that all iniputs for the six modes 
are at TIL levels. The power supplies required are Vee and 
Vpp. The Vpp power supply must be at 13.0V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vee power supply must be at 6V during 
the three programming modes, and at 5V in the other three 
modes. 

Read Mode 

The NMC27C64N has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. The programming pin 
(PGM) should be at VIH except during programming. Assum
ing that addresses are stable, address access time (tACe) is 
equal to the delay from CE to output (teE)' Data is available 
at the outputs tOE after the falling edge of OE, assuming 
that CE has been low and addresses have been stable for 
at least tAec-tOE' 

The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify. If Vee temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C64N has a standby mode which reduces the 
active power dissipation by 99%, from 55 mW to 0.55 mW. 
The NMC27C64N is placed in the standby mode by applying 
a CMOS high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 

Output OR-Tying 

Because NMC27C64Ns are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C64N. 

Initially, all bits of the NMC27C64N are in the "1" state. 
Data is introduced by selectively programming "Os" into the 
desired bit locations. Although only "Os" will be pro
grammed, both "1s" and "Os" can be presented in the data 
word. A "0" cannot be changed to a "1" once the bit has 
been programmed. Due to package constraints programma
bility of the device is only tested in wafer form. 

The NMC27C64N is in the programming mode when the 
Vpp power supply is at 13.0V and OE is at VIH. It is required 
that at least a 0.1 fJ.F capacitor be placed across Vpp, Vee 
to ground to suppress spurious voltage transients which 
may damage the device. The data to be programmed is 
applied 8 bits in parallel to the data outputs pins. The levels 
required for the address and data inputs are TIL. 

For programming, CE should be kept TIL low at all times 
while Vpp is kept at 13.0V. 

When the address and data are stable, an active low, TIL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C64N is designed to be programmed 
with interactive programming, where each address is pro
grammed with a series of 0.5 ms pulses until it verifies (up to 
a maximum of 20 pulses or 10 ms). The NMC27C64N must 
not be programmed with a DC signal applied to the PGM 
input. 

Programming multiple NMC27C64Ns in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C64Ns may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the PGM input programs the paralleled 
NMC27C64Ns. 

The NMC27C64N is packaged in a plastic molded package 
which does not have a transparent lid. Therefore the memo
ry cannot be erased. This means that after a user has pro
grammed a memory cell to a "0" it cannot be changed back 
to a "1". 

To most efficiently use these two control lines, it is recom- If an application requires erasing and reprogramming, the 
mended that CE (pin 20) be decoded and used as the pri- NMC27C64Q UV erasable PROM in a windowed package 
mary device selecting function, while OE (pin 22) be made a should be used. 
common connection to all devices in the array and connect-
ed to the READ line from the system control bus. This as-

TABLE I. Mode Select 

Pins CE OE PGM Vpp Vee Outputs 

Mode (20) (22) (27) (1) (28) (11-13,15-19) 

Read VIL VIL VIH 5V 5V Dour 
Standby 

VIH 
Don't Don't 

5V 5V Hi-Z 
Care Care 

Program VIL VIH VIL 13.0V 6V DIN 

Program Verify VIL VIL VIH 13.0V 6V Dour 
Program Inhibit 

VIH 
Don't Don't 

13.0V 6V Hi-Z 
Care Care 

Output Disable Don't 
VIH VIH 5V 5V Hi-Z Care 
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~ Functional Description (Continued) 

~ Program Inhibit 

~ Programming multiple NMC27C64Ns in parallel with differ-
Z ent data is also easily accomplished. Except for CE all like 

inputs (including OE and PGM) of the parallel NMC27C64N 
may be common. A TTL low level program pulse applied to 
an NMC27C64Ns PGM input with CE at VIL and Vpp at 
13.0V will program that NMC27C64N. A TTL high level CE 
input inhibits the other NMC27C64Ns from being pro
grammed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 13.0V. Vpp must be at 
Vee, except during programming and program verify. 

MANUFACTURER'S INDENTIFICATION CODE 

The NMC27C64N has a manufacturer's identification code 
to aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C64N is "SFC2", where "SF" designates that 
it is made by National Semiconductor, and "C2" designates 
a 64k part. 

The code is accessed by applying 12V ± 0.5V to address 
pin A9. Addresses A 1-AS, A 1 O-A 12, CE and OE are held 
at VIL. Address AO is held at VIL for the manufacturer's 
code, and at VIH for the device code. The code is read out 
on the S data pins. Proper code access is only guaranteed 
at 25°C ± 5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

SYSTEM CONSIDERATION 

The power switching characteristics of this device require 
careful decoupling. The supply current, Icc, has three seg
ments that are of interest to the system designer-the 
standby current level, the active current level, and the tran
sient current peaks that are produced by voltage transitions 
on input pins. The magnitude of these transient current 
peaks is dependent on the output capacitance loading of 
the device. The associated Vee transient voltage peaks can 
be suppressed by properly selected decoupling capacitors. 
It is recommended that at least a 0.1 ,...F ceramic capacitor 
be used on every device between Vee and GND. This 
should be a high frequency capacitor of low inherent induc
tance. In addition, at least a 4.7 ,...F bulk electrolytic capaci
tor should be used between Vee and GND for each eight 
devices. The bulk capacitor should be located near where 
the power supply is connected to the array. The purpose of 
the bulk capacitor is to overcome the voltage drop caused 
by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins 

Manufacturer Code 

Device Code 

Ao 
(10) 

0 6 
(18) 

o 

Os 
(17) 

o 
o 

1-46 

o 
o 

0 3 
(15) 

o o 

0 0 
(11) 

o 

Hex 
Data 

SF 

C2 



~National 
~ Semiconductor 

PRELIMINARY 

NMC27C64B High Speed Version 
65,536-Bit (8k x 8) UV Erasable CMOS PROM 

General Description 
The NMC27C648 is a high-speed 64k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C648 is designed to operate with a single + 5V 
power supply with ± 10% tolerance. The CMOS design al
lows the part to operate over Extended and Military Temper
ature Ranges. 

The NMC27C648 is packaged in a 28-pin dual-in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Features 
• Clocked sense amps for fast access time down to 

120 ns 

Block Diagram 

• Low CMOS power consumption 
- Active Power: 110 mW max 
- Standby Power: 0.55 mW max 

• Performance compatible to NSC800TM CMOS micro
processor 

• Single 5V power supply 
• Extended temperature range (NMC27C64BOE), -40°C 

to 85°C, and military temperature range 
(NMC27C64BOM), - 55°C to 125°C, available 

• Pin compatible with NMOS 64k EPROMs 
• Fast and reliable programming (100 p.s on most bytes) 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Optimum EPROM for total CMOS systems 
• Manufacture's identification code for automatic pro

gramming control 
• High current CMOS level output drivers 

DATA OUTPUTS 00-01 
Vee 0----. 

GND 0----. 

vpp 0----. 

OUTPUT ENABLE 
AND CHIP OUTPUT Pin Names 

ENABLE LOGIC BUFFERS 
AO-A12 Addresses 

CE Chip Enable 

Y 
DECODER 

Y GATING 
OE Output Enable 

00-0 7 Outputs 

PGM Program 

AD-A12 
ADDRESS NC No Connect 

INPUTS 
X 65.536-BIT 

DECODER CELL MATRIX 

TL/D/9687 -1 
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Connection Diagram 

27C512 27C256 27C128 27C32 27C16 NMC27C64BQ 27C16 27C32 27C128 

27512 27256 27128 2732 2716 Dual-In-Line Package 2716 2732 27128 

A15 Vpp Vpp Vpp - 1 28 - Vee Vee 

A12 A12 A12 A12 - 2 27 - PGM PGM 

A7 A7 A7 A7 A7 A7 - 3 26 - NC Vee Vee A13 

A6 A6 A6 A6 A6 A6- 4 25 - A8 A8 A8 A8 

A5 A5 A5 A5 A5 A5 - 5 24 - A9 A9 A9 A9 

A4 A4 A4 A4 A4 A4 - 6 23 -All Vpp A11 A11 

A3 A3 A3 A3 A3 A3- 7 22 -DE OE OElVpp OE 

A2 A2 A2 A2 A2 A2- 8 21 - Al0 A10 A10 A10 

A1 A1 A1 A1 A1 Al- 9 20 - CE ~/PGM CE CE 

AO AO AO AO AO AO- 10 19 -07 07 07 07 

00 00 00 00 00 00- 11 18 -06 06 06 06 

01 01 01 01 01 01- 12 17 -05 05 05 05 

02 02 02 02 02 02- 13 16 ~04 04 04 04 

GND GND GND GND GND GNO- 14 15 ~03 03 03 03 

TL/D/9687-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C64BQ pins. 

Order Number NMC27C64BQ 
See NS Package Number J28AQ 

Commercial Temp Range 
(O°C to + 70°C) Vee = 5V ± 10% 

Para~eter/Order Number Access Time (ns) 

NMC27C64B0120 120 
NMC27C64B0150 150 
NMC27C64B0200 200 
NMC27C64B0250 250 

Extended Temp Range 
(-40°C to + 85°C) Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C64BOE120 120 
NMC27C64BOE150 150 
NMC27C64BOE200 200 

Military Temp Range 
(-55°Cto + 125°C) Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C64BOM150 150 
NMC27C64BOM200 200 
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27C256 27C512 

27256 27512 

Vee Vee 

A14 A14 

A13 A13 

A8 A8 

A9 A9 

A11 A11 

OE OElVpp 

A10 A10 

CE/PGM CE 

07 07 

06 06 

05 05 

04 04 

03 03 



COMMERCIAL TEMPERATURE RANGE 
Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Vee Supply Voltage with 
contact the National Semiconductor Sales Office/ Respect to Ground + 7.0V to -0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias -10·Cto +80·C Lead Temperature (Soldering, 10 sec.) 300·C 
Storage Temperature - 65·C to + 150·C ESD Rating (MIL Spec 883C Method 3015.2) 2000V 
All Input Voltages except A9 with 

Respect to Ground (Note 10) + 6.5V to - 0.6V Operating Conditions (Note 7) 
All Output Voltages with Temperature Range O·C to +70·C 

Respect to Ground (Note 10) Vee+ 1.0V to GND-0.6V Vee Power Supply +5V ±10% 
Vpp Supply Voltage and A9 

with Respect to Ground 
During Programming + 14.0V to -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 1 p.A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 1 p.A 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
(Note 9) TTL Inputs Inputs = VIH or VIL 15 30 mA 

1/0 = 0 mA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
(Note 9) CMOS Inputs Inputs = Vee or GND, 10 20 mA 

1/0 = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 0.1 1 mA 
TTL Inputs 

leesB2 Vee Current (Standby) CE = Vee 0.5 100 p.A 
CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 p.A 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -2.5mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 p.A 0.1 V 

VOH2 Output High Voltage IOH = -10 p.A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C64B 

Symbol Parameter Conditions Q120 Q150 Q200 Q250 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output CE = OE = VIL 120 150 200 250 ns 
Delay PGM = VIH 

teE CE to Output Delay OE = VIL 120 150 200 250 ns 
PGM = VIH 

tOE OE to Output Delay CE = VIL 50 60 75 100 ns 
PGM = VIH 

tOF OE High to Output CE = VIL 0 40 0 50 0 55 0 60 ns 
Float PGM = VIH 

teF CE High to OE = VIL 0 40 0 50 0 55 0 60 ns 
Output Float PGM = VIH 

tOH Output Hold from _ CE = OE = VIL 
Addresses, CE or OE, PGM = VIH 0 0 0 0 ns 
Whichever Occurred First 
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MILITARY AND EXTENDED TEMPERATURE RANGE 
Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Power Dissipation 1.0W 
contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 sec.) 300°C 
Distributors for availability and specifications. 

ESD Rating (MIL Spec 883C Method 3015.2) 2000V 
Temperature Under Bias Operating Temp Range 

Storage Temperature - 65°C to + 150°C Operating Conditions (Note 7) 
All Input Voltages except A9 with Temperature Range 

Respect to Ground (Note 10) + 6.5V to - 0.6V NMC27C64BOE120, 150, 200 - 40°C to + 85°C 
All Output Voltages with NMC27C64BOM150, 200 - 55°C to + 125°C 

Respect to Ground (Note 10) Vee+ 1.0V to GND-0.6V 
Vee Power Supply +5V±10% 

Vpp Supply Voltage and A9 
with Respect to Ground 
During Programming + 14.0V to - 0.6V 

Vee Supply Voltage with 
Respect to Ground +7.0Vto -0.6V 

READ OPERATION 
DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 !J.A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 10 !J.A 

Ice1 Vee Current (Active) CE = VIL, f = 5 MHz 
(Note 9) TTL Inputs Inputs = VIH or VIL 15 30 mA 

1/0 = OmA 

Ice2 Vee Current (Active) CE = GND, f = 5 MHz 
(Note 9) CMOS Inputs Inputs = Vee or GND, 10 20 mA 

1/0 = 0 mA 

IceSB1 Vee Current (Standby) CE = VIH 0.1 1 mA TTL Inputs 

IceSB2 Vee Current (Standby) CE = Vee 0.5 100 !J.A CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 !J.A 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vcc+ 1 V 

Vou Output Low Voltage IOL = 2.1 mA 0040 V 

VOH1 Output High Voltage IOH = '-1.6 mA 3.5 V 

VOL2 Output Low Voltage IOL = 1O!J.A 0.1 V 

VOH2 Output High Voltage IOH = - 10 !J.A Vee -0.1 V 

AC Electrical Characteristics 
NMC27C64BQ 

Symbol Parameter Conditions E120 E150, M150 E200, M200 Units 

Min Max Min Max Min Max 

tAce Address to Output CE = OE = VIL 
120 150 200 ns Delay PGM = VIH 

teE CE to Output Delay OE = VIL 120 150 200 ns 
PGM = VIH 

tOE OE to Output Delay CE = VIL 50 60 75 ns 
PGM = VIH 

tOF OE High to Output CE = VIL 0 40 0 50 0 55 ns Float PGM = VIH 

teF CE High to OE = VIL 0 40 0 50 0 55 ns Output Float PGM = VIH 

tOH Output Hold from CE = OE = VIL 
Addresses, CE or PGM = VIH 0 0 0 ns OE, Whichever 
Occurred First 
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Capacitance T A = + 25°C. f = 1 MHz (Note 2) 

Symbol Parameter 

Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

Conditions Typ 

6 

VOUT = OV 9 

1 TTL Gate and 
CL = 100 pF (Note 8) 

~5 ns 

0.45V to 2.4V 

AC Waveforms (Notes 6. 7 & 9) 

Max Units 

12 pF 

12 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

- " ADDRESSES 2.QX. ) ADDRESSES VALID II )! 
____ ~0~.8~v'1 __ ----------------------------~~;~~~-----'~--------

---CE 2.0V \. O.BV " I 

!.-tCE -
II -tCF'-

(NOTES 4. 5) 

DE 2.0V 't O.BV tt j 

tOE .... 
(NOTE 3) 

tOF' 
.... (NOTES 4. 5) .... 

2.0V Hi-Z 
""""" OUTPUT '\'\'\'\'\'\'\'\'\' O.BV 

Hi-Z 
VALID OUTPUT ;; ~'\'\'\'\' 

tAcC 

0.8Vand 2V 
0.8Vand 2V 

i-- (NOTE 3) -.. 
TL/D/9687 -3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: DE may be delayed up to tACC-tOE after the falling edge of CE without impacting tACC. 

Note 4: The tDF and TCF compare level is determined as follows: 

High to TRI·STATE. the measured VOH1 (DC) -0.10V 

Low to TRI·STATE. the measured VOLl (DC) +0.10V 

Note 5: TRI·STATE may be attained using DE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 )J.F ceramic capacitor be used on 
every device between VCC and GND. 

Note 7: The outputs must be restricted to Vcc + 1.0V to avoid latch-up and device damage. 

Note 8: 1 TTL Gate: IOL = 1.6 rnA. IOH = - 400 )J.A. 

CL: 100 pF includes fixture capacitance. 

Note 9: Vpp may be connected to VCC except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 
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Programming Characteristics (Notes 1,2,3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 1 J.ls 

tOES OE Setup Time 1 J.ls 

tCES CE Setup Time 1 J.ls 

tos Data Setup Time 1 J.ls 

tvps Vpp Setup Time 1 J.ls 

tvcs Vcc Setup Time 1 J.ls 

tAH Address Hold Time 0 J.ls 

tOH Data Hold Time 1 J.ls 

tOF Output Enable to Output Float Delay CE = VIL 0 60 ns 

tpw Program Pulse Width 95 100 105 J.ls 

tOE Data Valid from OE CE = VIL 100 ns 

Ipp Vpp Supply Current During CE = VIL 
30 mA 

Programming Pulse PGM = VIL 

Ice Vee Supply Current 10 mA 

TA Temp Ambient 20 25 30 °C 

Vee Power Supply Voltage 6.0 6.25 6.5 V 

Vpp Programming Supply Voltage 12.5 12.75 13.0 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vee must be applied Simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 ftF capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings. The Min and Max Limit 
parameters are design parameters, not tested or guaranteed. 
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Programming Waveforms (Note 3) 
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Interactive Programming Algorithm Flow Chart (Note 4) 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C64B are listed in 
Table I. It should be noted that all inputs for the six modes 
are at TIL levels. The power supplies required are Vcc and 
Vpp. The Vpp power supply must be at 12.75V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vcc power supply must be at 6.25V dur
ing the three programming modes, and at 5V in the other 
three modes. 

Read Mode 

The NMC27C64B has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. The programming pin 
(PGM) should be at VIH except during programming. Assum
ing that addresses are stable, address access time (tACe> is 
equal to the delay from CE to output (tCE)' Data is available 
at the outputs tOE after the falling edge of OE, assuming 
that CE has been low and addresses have been stable for 
at least tACC-tOE' 

The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify. If VCC temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C64B has a standby mode which reduces the 
active power dissipation by 99%, from 110 mW to 0.55 mW. 
The NMC27C64B is placed in the standby mode by applying 
a CMOS high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 

Output OR-Tying 

Because NMC27C64Bs are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power diSSipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 20) be decoded and used as the pri-

mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C64B. 

Initially, and after each erasure, all bits of the NMC27C64B 
are in the "1" state. Data is introduced by selectively pro
gramming "Os" into the desired bit locations. Although only 
"Os" will be programmed, both "1s" and "Os" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27C64B is in the programming mode when the 
Vpp power supply is at 12.75V and OE is at VIH. It is re
quired that at least a 0.1 p.F capacitor be placed across 
Vpp, Vcc to ground to suppress spurious voltage transients 
which may damage the device. The data to be programmed 
is applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TIL. 

For programming, CE should be kept TIL low at all times 
while Vpp is kept at 12.75V. 

When the address and data are stable, an active low, TIL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C64B is programmed with the Fast 
Programming Algorithm shown in Figure 1. Each Address is 
programmed with a series of 100 p.s pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cells will 
Program with a single 100 p.s pulse. 
Note: Some programmer manufactures due to equipment limitation may of-

fer interactive program Algorithm (shown in Figure 2). 

The NMC27C64B must not be programmed with a DC signal 
applied to the PGM input. 

Programming multiple NMC27C64Bs in parallel with the 
same data can be easily accomplished due to the Simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C64Bs may be connected together when they 
are programmed with the same data. A low level TIL pulse 
applied to the PGM input programs the paralleled 
NMC27C64Bs. 

TABLE I. Mode Selection 

Pins CE* OE PGM Vpp Vee Outputs 
Mode (20) (22) (27) (1) (28) (11-13,15-19) 

Read VIL VIL VIH 5V 5V DOUT 

Standby VIH Don't Care Don't Care 5V 5V Hi-Z 

Output Disable Don't Care VIH VIH 5V 5V Hi-Z 

Program VIL VIH VIL 12.75V 6.25V DIN 

Program Verify VIL VIL VIH 12.75V 6.25V DOUT 

Program Inhibit VIH Don't Care Don't Care 12.75V 6.25V Hi-Z 

"ALE on 87C64B 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27C648's in parallel with differ
ent data is also easily accomplished. Except for CE all like 
inputs (including DE and PGM) of the parallel NMC27C648 
may be common. A TTL low level program pulse applied to 
an NMC27C648's PGM input with CE at VIL and Vpp at 
12.75V will program that NMC27C648. A TTL high level CE 
input inhibits the other NMC27C648's from being pro
grammed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.75V. Vpp must be at 
Vee, except during programming and program verify. 

MANUFACTURER'S IDENTIFICATION CODE 

The NMC27C648 has a manufacturer's identification code 
to aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C648 is "SF02", where "SF" designates that 
it is made by National Semiconductor, and "02" designates 
a 64k part. 

The code is accessed by applying 12V ± 0.5V to address 
pin A9. Addresses Al-A8, Al0-A12, CE, and OE are held 
at VIL. Address AO is held at VIL for the manufacturer's 
code, and at VIH for the device code. The code is read out 
on the 8 data pins. Proper code access is only guaranteed 
at 25'C ± 5'C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C648 are such 
that erasure begins to occur when exposed light with wave
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores
cent lamps have wavelengths in the 3000A-4000A range. 

After programming opaque labels should be placed over the 
NMC27C648's window to prevent unintentional erasure. 
Covering the window will also prevent temporary functional 
failure due to the generation of photo currents. 

The recommended erasure procedure for the NMC27C648 
is exposure to short wave ultraviolet light which has a wave
length of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 

The NMC27C648 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C648 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vee transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 J-LF ceramic 
capacitor be used on every device between Vee and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 J.1F bulk electrolytic 
capacitor should be used between Vee and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins Ao 07 Os 05 04 03 02 01 00 Hex 
(10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code VIL 1 0 0 0 1 1 1 1 8F 

Device Code VIH 0 0 0 0 0 0 1 0 02 

TABLE III. Minimum NMC27C64B Erasure Time 

Light Intensity Erasure Time 
(Micro-Watts/cm2) (Minutes) 

15,000 20 

10,000 25 

5,000 50 
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~National ~ 
a SemiconductOr 

PRELIMINARY 

NMC27C64BN High-Speed Version 65,536-Bit (8k x 8) 
One-Time Programrri,~ble CMOS PROM 

General Description 
The NMC27C64BN is a high-speed 64k one-time program
mable CMOS PROM. It is ideally suited for high volume pro
duction applications where low cost, fast turnaround, and 
low power consumption are important factors and repro
gramming is not required. 

The NMC27C64BN is designed to operate with a single 
+ 5V power supply with ± 10% tolerance. The 
NMC27C64BN is packaged in a 28-pin dual-in-line plastic 
molded package without a transparent lid. This part is ideal
ly suited for high volume production applications where cost 
is an important factor and programming needs to be done 
once. Also, the plastic molded package works well in auto 
insertion equipment used in automated assembly lines. 

This device is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
II Clocked sense for fast-access time down to 120 ns, 

CMOS technology 
II Low CMOS power consumption 

- Active power: 110 mW max 
- Standby power: 0.55 mW max 

II Performance compatible to NSC800TM CMOS micro-
processor 

II Single 5V power supply 
II Pin compatible with all 64k EPROMs 
II Fast and reliable programming (100 ,..,s for most bytes) 
II Static operation-no clocks required 
II TTL, CMOS compatible inputs/outputs 
II TRI-STATE® output 
II Optimum PROM for total CMOS systems 
III Manufacturer's identification code for automatic pro

gramming control 
III High current CMOS level output drivers 

DATA OUTPUTS 00-07 

AO-A12 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

65.536·BIT 
CELL MATRIX 
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Pin Names 

AO-A12 Addresses 

CE Chip Enable 

OE Output Enable 

00-0 7 Outputs 

PGM Program 

NC No Connect 



Connection Diagram 

27C512 27C256 27C128 27C32 27C16 NMC27C64BN 27C16 27C32 27C128 27C256 27C512 

27512 27256 27128 2732 2716 Dual-In-Llne Package 2716 2732 27128 27256 27512 

A15 Vpp Vpp Vpp- 1 28 I-- Vee Vee Vee Vee 
A12 A12 A12 A12 - 2 27 - PGM PGM A14 A14 

A7 A7 A7 A7 A7 A7 - 3 26 I- NC Vee Vee A13 A13 A13 
A6 A6 A6 A6 A6 A6 - 4 25 I- A8 AS AS AS AS AS 
A5 A5 A5 A5 A5 A5 - 5 24 ~ A9 A9 A9 A9 A9 A9 
A4 A4 A4 A4 A4 A4 - 6 23 I- All Vpp A11 A11 A11 A11 
A3 A3 A3 A3 A3 A3- 7 22 I- OE OE OE/vpp OE OE OE/vpp 

A2 A2 A2 A2 A2 A2 - 8 21 I- AID A10 A10 A10 A10 A10 

A1 A1 A1 A1 A~ Al- 9 20 f- CE p-E/PGM CE CE CE/PGM CE 
AO AO AO AO AO AO- 10 19 I- 01 07 07 07 07 07 

00 00 00 00 00 00- 11 18 f- 06 06 06 06 06 06 

0, 0, 0, 0, 0, 01- 12 17 I-- 05 Os Os Os Os Os 

02 02 02 02 02 02- 13 16 I-- 04 04 04 04 04 04 

GND GND GND GND GND GNO- 14 15 I-- 03 03 03 03 03 03 

TL/D/9688-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C64BN pins. 

Order Number NMC27C64BN 
See NS Package Number N28B 

Commercial Temp Range WC to + 70°C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C64BN 120 120 

NMC27C64BN150 150 

NMC27C64BN200 200 

NMC27C64BN250 250 

(For non-commercial temperature range parts, call factory) 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Vee Supply Voltage with 
contact the National Semiconductor Sales Office/ Respect to Ground +7.0Vto -0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias -10°C to + ao°c Lead Temp. (Soldering, 10 sec.) 300°C 
Storage Temperature - 65°C to + 150°C ESD Rating 
All Input Voltages except A9 with (Mil Spec aa3C, Method 3015.2) 2000V 

Respect to Ground (Note 10) +6.5Vto -0.6V 

All Output Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) Vee + 1.0Vto GND-0.6V Temperature Range O°Cto + 70°C 

Vpp Supply Voltage and A9 Vee Power Supply +5V±10% 
with Respect to Ground 
During Programming + 14.0V to - 0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 1 ,..,A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 1 ,..,A 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
5 30 mA (Note 9) TTL Inputs Inputs = VIH or VIL, I/O = 0 mA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 mA (Note 9) CMOS Inputs Inputs = Vee or GND, 1/0 = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 100 ,..,A CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 ,..,A 

VIL Input Low Voltage -0.2 o.a V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -2.5 mA 3.5 V 

VOL2 Output Low Voltage IOL=10,..,A 0.1 V 

VOH2 Output High Voltage IOH = -10,..,A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C64BN 

Symbol Parameter Conditions 120 150 200 250 Units 

Min Max Min Max Min Max Min Max 

tAce Address to Output Delay CE = OE = VIL 
120 150 200 250 ns 

PGM = VIH 

teE CE to Output Delay OE = VIL 120 150 200 250 ns 
PGM = VIH 

tOE OE to Output Delay CE = VIL 50 60 75 100 ns 
PGM = VIH 

tOF OE High to Output Float CE = VIL 0 40 0 50 0 55 0 60 ns 
PGM = VIH 

teF CE High to Output Float OE = VIL 0 40 0 50 0 55 0 60 ns 
PGM = VIH 

tOH Output Hold from Addresses, CE = OE = VIL 
CEorOE, PGM = VIH 0 0 0 0 ns 
Whichever Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol Parameter Conditions Typ 

Input Capacitance 5 

COUT Output Capacitance VOUT = OV 8 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

1 TIL Gate and 
CL = 100 pF (Note 8) 

:5:5 ns 

0.45V to 2.4V 

AC Waveforms (Notes 6, 7 & 9) 

-

Max Units 

10 pF 

10 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

rr 

ADDRESSES ~~BV) ADDRESSES VALID 
II 

rr -
cr 2V 

O.BV 

!.-tCE -

Of 2V 't O.BV 

tOE 
(NOTE 3) 

2.0V HI-Z 
OUTPUT 

"""'" O.SV tAce 

rr 

rr 

I-

VALID OUTPUT rr 

I 

I 

-ter -
(NOTES 4, 5) 

tor 
..... (NOTES 4. 5) --

"""" 
Hi-Z 

,."", 

0.8Vand 2V 
0.8V and 2V 

f-- (NOTE 3) -
TL/D/9688-3 

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

Note 2: This parameter Is only sampled and Is not 100% tested. 

Note 3: O£ may be delayed up to tACC - toE after the falling edge of cr without Impacting tACC' 

Note 4: The tOF and tcF compare level Is determined as follows: 
High to TRI-STATE. the measured VOHI (DC) - O.tOV; 
Low to TRI-STATE. the measured VOLI (DC) + 0.10V. 

Note 5: TRI·STATE may be attained using O£ or cr. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 fLF ceramic capacitor be used on 
every device between Vee and GND. 

Note 7: The outputs must be restricted to Vec +0.3V to avoid latch-up and device damage. 

Note B: 1 TIL Gate: IOL = 1.6 mAo IOH = -400/-LA. 
CL: 100 pF Includes fixture capacitance. 

Nole 9: Vpp may be connected to Vee except during programming. 

Note to: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions 

tAS Address Setup Time 

toES OE Setup Time 

teEs CE Setup Time 

tos Data Setup Time 

tvps Vpp Setup Time 

tves Vee Setup Time 

tAH Address Hold Time 

tOH Data Hold Time 

tOF Output Enable to Output Float Delay CE = VIL 

tpw Program Pulse Width 

tOE Data Valid from OE CE = VIL 

Ipp Vpp Supply Current During CE = VIL 
Programming Pulse PGM = VIL 

Icc Vee Supply Current 

TR Temperature Ambient 

Vee Power Supply Voltage 

Vpp Programming Supply Voltage 

tFR Input Rise, Fall Time 

VIL Input Low Voltage 

VIH Input High Voltage 

tiN Input Timing Reference Level 

tOUT Output Timing Reference Level 
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Min Typ Max Units 

1 ,...,s 

1 ,...,s 

1 ,...,S 

1 ,...,s 

1 ,...,s 

1 ,...,s 

0 ,...,s 

1 ,...,S 

0 60 ns 

95 100 105 ,...,s 

100 ns 

30 mA 

10 mA 

20 25 30 DC 

6.0 6.25 6.5 V 

12.5 12.75 13.0 V 

5 ns 

0.0 0.45 V 

2.4 4.0 V 

0.8 1.5 2.0 V 

0.8 1.5 2.0 V 



Programming Waveforms (Note 3) 

OE 2V 
O.BV 

TL/D/968B-4 
Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 /iF capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical Power Supply voltages and timings. The min and max limit 
parameters are design parameters, not tested or guaranteed. 
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INCREt.lENT ADDR 

FIGURE 1 
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Interactive Programming Algorithm Flow Chart (Note 4) 

INCREMENT ADDR 

FIGURE 2 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C64BN are listed 
in Table I. It should be noted that all inputs for the six modes 
are at TTL levels. The power supplies required are Vee and 
Vpp. The Vpp power supply must be at 12.75V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vee power supply must be at 6.25V dur
ing the three programming modes, and at 5V in the other 
three modes. 

Read Mode 

The NMC27C64BN has two control functions, both q!",W.hich 
must be logically active in order to obtain data at thEr~out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. The programming pin 
(PGM) should be at VIH except during programming. Assum
ing that addresses are stable, address access time (tAee) is 
equal to the delay from CE to output (teE)' Data is available 
at the outputs tOE after the falling edge of OE, assumi"lg 
that CE has been low and addresses have been stable for 
at least tAee - tOE' 

The sense amps are clocked for fast access time. Vee 
should therefore be maintained at operating voltage during 
read and verify. If Vee temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C64BN has a standby mode which reduces the 
active power dissipation by 99%, from 110 mW to 0.55 mW. 
The NMC27C64BN is placed in the standby mode by apply
ing a CMOS high signal to the CE input. When in standby 
mode, the outputs are in a high impedance state, indepen
dent of the OE input. 

Output OR· Tying 

Because NMC27C64BNs are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 20) be decoded and used as the pri
mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as-

sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C64BN. 

Initially, and after each erasure, all bits of the NMC27C64BN 
are in the "1" state. Data is introduced by selectively pro
gramming "as" into the desired bit locations. Although only 
"Os" will be programmed, both "1s" and "as" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27C64BN is in the programming mode when the 
Vpp power supply is at 12.75V and OE is at VIH. It is re
quired that at least a 0.1 J.LF capacitor be placed across 
Vpp, Vee to ground to suppress spurious voltage transients 
which may damage the device. The data to be programmed 
is applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 

For programming, CE should be kept TTL low at all times 
while Vpp is kept at 12.75V. 

When the address and data are stable, an active low TTL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C64BN is programmed with the Fast 
Programming Algorithm shown in Figure 1. Each address is 
programmed with a series of 100 J.Ls pulses until it verifies 
good, up to maximum of 25 pulses. Most memory cells will 
program with a single 100 J.Ls pulse. 
Note: Some program manufacturers due to equipment limitation may offer 

, interactive program algorithms (shown in Figure 2). 

The NMC27C64BN must not be programmed with a DC sig
nal applied to the PGM input. 

Programming multiple NMC27C64BNs in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C64BNs may be connected together when 
they are programmed with the same data. A low level TTL 
pulse applied to the PGM input programs the paralleled 
NMC27C64BNs. 

The NMC27C64BN is packaged in a plastic molded pack
age which does not have a transparent lid. Therefore the 
memory cannot be erased. This means that after a user has 
programmed a memory cell to a "a" it cannot be changed 
back to a "1". 

If an application requires erasing and reprogramming, the 
NMC27C64BQ UV erasable PROM in a windowed package 
should be used. 

TABLE I. Mode Selection 

Pins CE OE PGM Vpp Vee Outputs 
Mode (20) (22) (27) (1) (28) (11-13,15-19) 

Read VIL VIL VIH 5V 5V Dour 

Standby VIH Don't Care Don't Care 5V 5V Hi-Z 

Output Disable Don't Care VIH VIH 5V 5V Hi-Z 

Program VIL VIH VIL 12.75V 6.25V DIN 

Program Verify VIL VIL VIH 12.75V 6.25V Dour 

Program Inhibit VIH Don't Care Don't Care 12.75V 6.25V Hi-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27C64BNs in parallel with differ
ent data is also easily accomplished. Except for CE all like 
inputs (including OE and PGM) of the parallel 
NMC27C64BN may be common. A TTL low level program 
pulse applied to an NMC27C64BN's PGM input with CE at 
VIL and Vpp at 12.75V will program that NMC27C64BN. A 
TTL high level CE input inhibits the other NMC27C64BNs 
from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.75V. Vpp must be at 
Vee except during programming and program verify. 

MANUFACTURER'S IDENTIFICATION CODE 

The NMC27C64BN has a manufacturer's identification code 
to aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configlJration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C64BN is "8F02", where "8F" designates 
that it is made by National Semiconductor, and "02" desig
nates a 64k part. 

The code is accessed by applying 12V ± 0.5V to address 
pin A9. Addresses A 1-A8, A 1 O-A 12, CE and OE are held 
at VIL. Address AO is held at VIL for the manufacturer's 
code, and at VIH for the device code. The code is read out 
on the 8 data pins. Proper code access is only guaranteed 
at 25°C ± 5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

SYSTEM CONSIDERATION 

The power switching characteristics of this device require 
careful decoupling. The supply current, Icc, has three seg
ments that are of interest to the system designer-the 
standby current level, the active current level, and the tran
sient current peaks that are produced by voltage transitions 
on input pins. The magnitude of these transient current 
peaks is dependent on the output capacitance loading of 
the device. The associated Vee transient voltage peaks can 
be suppressed by properly selected decoupling capacitors. 
It is recommended that at least a 0.1 p.F ceramic capacitor 
be used on every device between Vee and GND. This 
should be a high frequency capacitor of low inherent induc
tance. In addition, at least a 4.7 p.F bulk electrolytic capaci
tor should be used between Vee and GND for each eight 
devices. The bulk capacitor should be located near where 
the power supply is connected to the array. The purpose of 
the bulk capacitor is to overcome the voltage drop caused 
by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins 
AO 07 06 05 04 03 02 01 00 Hex 
(10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code VIL 1 0 0 0 1 1 1 1 8F 

Device Code VIH 0 0 0 0 0 0 1 0 02 
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~National 
a Semiconductor 
NMC27CP128 
131,072-Bit (16k x 8) UV Erasable CMOS PROM 

General Description 
The NMC27CP128 is a high-speed 128k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27CP128 is designed to operate with a single 
+ 5V power supply with ± 1 0% tolerance. 

The NMC27CP128 is packaged in a 28-pin dual-in-line 
package with transparent lid, The transparent lid allows the 
user to expose the chip to ultraviolet light to erase the bit 
pattern, A new pattern can then be written electrically into 
the device by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down 

to 200 ns 
• Low CMOS power consumption 

- Active power: 55 mW max 
- Standby power: 0.55 mW max 

• Performance compatible to NSC800TM CMOS 
microprocessor 

• Single 5V power supply 
• Fast and reliable programming 
• Static operation-no clocks required 
• TIL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Optimum EPROM for total CMOS systems 

DATA OUTPUTS 00-0, 

AD-A13, AR 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

131,072-BIT 
CELL MATRIX 

1-68 

TL/D/8805-1 

AO-A13 

CE 

OE 

00-0 7 

PGM 

NC 

AR 

Pin Names 

Addresses 

Chip Enable 

Output Enable 

Outputs 

Program 

No Connect 

Block Select 



Connection Diagram 

27C512 27C256 27C64 27C32 27C16 
NMC27CP128Q 

27C16 27C32 27C64 27C256 27C512 

27512 27256 2764 2732 2716 Dual·ln·L1ne Package 2716 2732 2764 27256 27512 

A15 Vpp Vpp Vpp - 1 28 ..... Vee Vee Vee Vee 

A12 A12 A12 A12 - 2 27 - ARO PGM A14 A14 

A7 A7 A7 A7 A7 A7- 3 26 - A13 Vee Vee NC A13 A13 

A6 A6 A6 A6 A6 A8- 4 25 - A8 AS AS AS AS AS 

A5 A5 A5 A5 A5 A5- 5 24 - A9 A9 A9 A9 A9 A9 

A4 A4 A4 A4 A4 A4- 6 23 - All Vpp A11 A11 A11 A11 

A3 A3 A3 A3 A3 A3- 7 22 - QE OE OE/vpp OE OE OE/vpp 

A2 A2 A2 A2 A2 A2-8 21 - Al0 A10 A10 A10 A10 A10 

A1 A1 A1 A1 A1 Al- 9 20 - ~/PCM CE/PGM CE CE CE/PGM CE 

AO AO AO AO AO AO- 10 19 -07 07 07 07 07 07 

00 00 00 00 00 00- 11 18 -os 06 06 06 06 06 

01 01 01 01 01 01- 12 17 -os 05 05 05 05 05 

02 02 02 02 02 02- 13 16 -0. 04 04 04 04 04 

GND GND GND GND GND GND- 14 15 - 03 03 03 03 03 03 

TLID/BB05-2 

• AR held at VIH 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27CP128 pins. 

Order Number NMC27CP128Q 
See NS Package Number J28AQ 

Commercial Temp Range 
(O°C to + 70°C) Vee = 5V ± 10% 

Parameter/Order Number Access Time (ns) 

NMC27CP12S0200 200 
NMC27CP12S0250 250 
NMC27CP12S0300 300 
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Absolute Maximum Ratings (Note 1) 

If Military! Aerospace specified devices are required, Vpp Supply Voltage with Respect 
contact the National Semiconductor Sales Office! to Ground During Programming + 14.0V to - 0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias -10°Cto +80°C Lead Temperature (Soldering, 10 sec.) 300°C 
Storage Temperature - 65°C to + 150°C 

All Input Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) +6.5Vto -0.6V Temperature Range 

All Output Voltages with NMC27CP128Q200, 250, 300 O°Cto + 70°C 
Respect to Ground (Note 10) Vee+ 1.0V to GND-0.6V Vee Power Supply 5V ±10% 

Vee Supply with Respect 
to Ground + 7.0V to -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 p.A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 10 p.A 

Ipp Vpp Current Vpp = Vee 10 p.A 

ICC1 Vee Current (Active) CE/PGM = VIL, f = 5 MHz 
5 20 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL, 1/0 = 0 mA 

Ice2 Vee Current (Active) CE/PGM = GND, f = 5 MHz 
3 10 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND, 1/0 = 0 mA 

IceSB1 Vee Current (Standby) CE/PGM = VIH 0.1 1 mA 
TTL Inputs 

ICeSB2 Vee Current (Standby) CE/PGM = Vee 0.5 100 p.A 
CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 p.A 

VIL Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.45 V 

VOH1 Output High Voltage IOH = -400 p.A 2.4 V 

VOL2 Output Low Voltage IOL = 0 p.A 0.1 V 

VOH2 Output High Voltage IOH = 0 p.A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27CP128Q 

Symbol Parameter Conditions 200 250 300 Units 

Min Max Min Max Min Max 

tAee Address to Output Delay CE/PGM = OE = VIL 200 250 300 ns 

tCE CE/PGM to Output Delay OE = VIL 200 250 300 ns 

tOE OE to Output Delay CE/PGM = VIL 75 100 120 ns 

tOF OE High to Output Float CE/PGM = VIL 0 60 0 60 0 105 ns 

tCF CE High to Output Float OE = VIL 0 60 0 60 0 105 ns 

tOH Output Hold from Addresses, CE/PGM = OE = VIL 
CE/PGM or OE, 0 0 0 ns 
Whichever Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol Parameter 

Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

Conditions Typ 

6 

VOUT = OV 9 

1 TTL Gate and 
CL = 100 pF (Note 8) 

:5:5 ns 

0.45V to 2.4V 

AC Waveforms (Notes 6, 7 & 9) 

Max Units 

12 pF 

12 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

~ rr 

ADDRESSES 2.0~)j ADDRESSES VALID .. )! 

CE 

OE 

OUTPUT 

_____ O_.B~V'l~----------------------------~~~~------'l~---------

-2.0V 
O.BV 

2.0V 
O.BV 

2.0V 

O.SV 

'--

"-
!---tCE -

rr I 1-------------"'111'1-----' j--tCF'-

"-
tOE I-

Hi-Z 
(NOTE 3) 

'''''''''''''''". 
tACC 

4--- (NOTE 3) -

rr 

tr_ 

VALID OUTPUT ;; 

(NOTES4,5) 

I 
tor 

-- (NOTES 4. 5) --

... ,,""'" Hi-Z 
#-"", 

0.8Vand 2V 
0.8Vand 2V 

TLID/BB05-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: OE may be delayed up to tAee - toE after the falling edge of CE without impacting tAee. 

Note 4: The tDF and tcF compare level is determined as follows: 
High to TRI-STATE. the measured VOH1 (DC) - 0.10V; 
Low to TRI-STATE. the measured Vall (DC) + 0.10V. 

Note 5: TRI-STATE may be attained using DE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 J.l.F ceramic capacitor be used on 
every device between Vee and GNO. 

Note 7: The outputs must be restricted to Vee + 1.0V to avoid latch-up and device damage. 

Note 8: 1 TTL Gate: IOL = 1.6 mA, IOH = -400 J.l.A. 
CL: 100 pF includes fixture capacitance. 

Note 9: Vpp may be connected to Vee except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 

Note 11: AR held at VIH. 

1·71 

z 
s:: 
o 
N ..... 
o 
"tJ ...... 
N 
ClO 



co 
N ,.... 
D. 
(,) 
...... 
N 
(,) 
:::IE z 

Programming Characteristics (Notes 1,2,3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 2 J.Ls 

tOES OE Setup Time 2 J.Ls 

tvps Vpp Setup Time 2 J.Ls 

tves Vee Setup Time 2 J.Ls 

tos Data Setup Time 2 J.Ls 

tAH Address Hold Time 0 J.Ls 

tOH Data Hold Time 2 J.Ls 

tOF Output Enable to Output Float Delay CE = VIL 0 130 ns 

tpw Program Pulse Width 0.45 0.5 0.55 ms 

tOE Data Valid from OE CE = VIL 150 ns 

Ipp Vpp Supply Current During CE = VIL 30 mA 
Programming Pulse PGM = VIL 

lee Vee Supply Current 10 mA 

TA Temperature Ambient 20 25 30 °C 

Vee Power Supply Voltage 5.75 6.0 6.25 V 

Vpp Programming Supply Voltage 12.2 13.0 13.3 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 
Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be Inserted Into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming Is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 IlF capacitor Is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the Interactive Program Algorithm, at typical power supply voltages and timings. The Min and Max Limit 
Parameters are Design parameters, not Tested or guaranteed. 

Programming Waveforms (Note 3) 

PROGRAM 
PROGRAM _ 
¥ERlrY ~ 2---

ADDRESSES ¥IH ~ ADDRESS STABLE 
¥IL ,~~ 

~ ~ _ +-tAH 

¥IH HIGH Z 'iI-~ 
DATA DATA IN STABLE DATA O!J! ¥ LID 

¥IL - "t:C' 
tor 

~ r f-+ 

_ ¥IH 
CE 

'~ 
.... 

¥IL 

I-to£s1 I-to£-

OE ¥IH , 
-"> 

¥IL .. ' 

¥ ¥ee 

~ 
:2 

ee O¥ t¥es-

¥pp :2 
¥pp 

/I-tvps '" ¥ee 
TL/D/8805-4 
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Interactive Programming Algorithm Flow Chart 

INCREt.tENT ADDR 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27CP128 are listed 
in Table I. It should be noted that all inputs for the six modes 
may be at TTL levels. The power supplies required are Vcc 
and Vpp. The Vpp power supply must be at 13.0V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vcc power supply must be at 6V during 
the three programming modes, and at 5V in the other three 
modes. 

Read Mode 

The NMC27CP128 has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE/PGM) is the power control and 
should be used for device selection. Output Enable (OE) is 
the output control and should be used to gate data to the 
output pins, independent of device selection. Assuming that 
addresses are stable, address access time (tACe) is equal 
to the delay from CE/PGM to output (tCE). Data is available 
at the outputs tOE after the falling edge of OE, assuming 
that CE/PGM has been low and addresses have been sta
ble for at least tACC - tOE, 

The sense amps are clocked for fast access time. VCC 
should therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27CP128 has a standby mode which reduces the 
active power dissipation by 99%, from 55 mW to 0.55 mW. 
The NMC27CP128 is placed in the standby mode by apply
ing a CMOS high signal to the CE/PGM input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR· Tying 

Because NMC27CP128s are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE/PGM (pin 20) be decoded and used as the 
primary device selecting function, while OE (pin 22) be 

made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in their 
low power standby modes and that the output pins are ac
tive only when data is desired from a particular memory de
vice. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27CP128. 

Initially, and after each erasure, all bits of the NMC27CP128 
are in the "1" state. Data is introduced by selectively pro
gramming "Os" into the desired bit locations. Although only 
"Os" will be programmed, both "1 s" and "Os" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27CP128 is in the programming mode when the 
Vpp power supply is at 13.0V and OE is at VIH. It is required 
that at least a 0.1 j.LF capacitor be placed across Vpp, Vcc 
to ground to suppress spurious voltage transients which 
may damage the device. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs may be TTL. 

When the address and data are stable, an active low TTL 
program pulse is applied to the CE/PGM input. A program 
pulse must be applied at each address location to be pro
grammed. Any location may be programmed at any time
either individually, sequentially, or at random. The 
NMC27CP128 is designed to be programmed with interac
tive programming, where each address is programmed with 
a series of 0.5 ms pulses until it verifies (up to a maximum of 
20 pulses or 10 ms). Since the NMC27CP128 employs the 
last 131,072 bits of a 262,144 bit memory array, program
ming must be started at address 16,384 to provide correct 
data read. The NMC27CP128 must not be programmed with 
a DC signal applied to the CE/PGM input. 

Programming multiple NMC27CP128s in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27CP128s may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the CE/PGM input programs the paralleled 
N MC27CP128s. 

The NMC27CP128 is a partial NMC27C256 and therefore is 
not program compatible with most 128k EPROMs. 

The Manufacturer's Identification Code should not be used 
for programming control of the NMC27CP128. 

TABLE I. Mode Selection 

Pins CE/PGM OE Vpp Vee Outputs 
Mode (20) (22) (1) (28) (11-13,15-19) 

Read VIL VIL 5V 5V DOUT 

Standby VIH Don't Care 5V 5V Hi-Z 

Program Pulsed VIH to VIL VIH 13.0V 6V DIN 

Program Verify VIH VIL 13.0V 6V DOUT 

Program Inhibit VIH VIH 13.0V 5V Hi-Z 
: 

Output Disable Don't Care f VIH 5V 5V Hi-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27CP128s in parallel with differ
ent data is also easily accomplished. Except for CE/PGM all 
like inputs (including OE) of the parallel NMC27CP128 may 
be common. A low level CE/PGM input selects the devices 
to be programmed. A high level CE/PGM input inhibits the 
other devices from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 13.0V. Vpp must be at 
Vcc, except during programming and program verify. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27CP128 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. 

After programming, opaque labels should be placed over 
the NMC27CP128's window to prevent unintentional era
sure. Covering the window will also prevent temporary func
tional failure due to the generation of photo currents. 

The recommended erasure procedure for the NMC27CP12B 
is exposure to short wave ultraviolet light which has a wave
length of 2537 Angstroms (A). The integrated dose (Le., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2• 

The NMC27CP12B should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table II 

shows the minimum NMC27CP12B erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 ,.,.F ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 ,.,.F bulk electrolytic 
capacitor should be used between Vce and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Minimum NMC27CP128 Erasure Time 

Light Intensity Erasure Time 
(Mlcro-Watts/cm2) (Minutes) 

15,000 20 

10,000 25 

5,000 50 
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PRELIMINARY 

NMC27C128B High Speed Version 
131,072-Bit (16k x 8) UV Erasable CMOS PROM 

General Description 
The NMC27C1288 is a high-speed 128k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C1288 is designed to operate with a single 
+ 5V power supply with ± 10% tolerance. The CMOS de
sign allows the part to operate over Extended and Military 
Temperature Ranges. 

The NMC27C1288 is packaged in a 28-pin dual-in-line 
package with transparent lid. The transparent lid allows the 
user to expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written electrically into 
the device by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

NMC27C128B 

Features 
• Clock sense amps for fast access time down to 120 ns 
• Low CMOS power consumption 

- Active Power: 110 mW max 
- Standby Power: 0.55 mW max 

• Performance compatible to NSC800TM CMOS micro
processor 

• Single 5V power supply 
• Extended temperature range (NMC27C12880E), 

-40°C to + 85°C, and military temperature range 
(NMC27C12880M), - 55°C to + 125°C available 

• Pin compatible with NMOS 128k EPROMs 
• Fast and reliable programming (100 fJ-s on most bytes) 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-ST ATE® output 
• Optimum EPROM for total CMOS systems 
• Manufacturer's identification code for automatic pro

gramming control 
• High current CMOS level output drivers 

DATA OUTPUTS 00-07 
Vee 0--. 

GNDo--. 

AG-AI3 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

65.536·8IT 
CELL MATRIX 
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Pin Names 

AO-A13 Addresses 

CE Chip Enable 

OE Output Enable 

00-0 7 Outputs 

PGM Program 

NC No Connect 



Connection Diagrams 

27C512 27C256 27C64 27C32 27C16 
NMC27C128B 

Dual-In-Llne Package 27C16 27C32 27C64 

27512 27256 2764 2732 2716 2716 2732 2764 

A15 Vpp Vpp Vpp- 1 28 -Vee Vee 

A12 A12 A12 A12- 2 27 -PGt.4 PGM 

A7 A7 A7 A7 A7 A7- 3 26 -A13 
Vee Vee NC 

A6 A6 A6 A6 A6 A6- 4 25 -A8 A8 A8 A8 

A5 A5 A5 A5 A5 A5- 5 24 ~A9 A9 A9 A9 

A4 A4 A4 A4 A4 A4-6 23 ~All Vpp A11 A11 

A3 A3 A3 A3 A3 A3- 7 22 ~OE OE OElVpp OE 

A2 A2 A2 A2 A2 A2- 8 21 ~Al0 A10 A10 A10 

A1 A1 A1 A1 A1 Al- 9 20 ~cr CE/PGM CE CE 

AO AO AO AO AO AO- 10 19 ~07 07 07 07 

00 00 00 00 00 °0- 11 18 ~06 06 06 06 

01 01 01 01 01 0 , - 12 17 -05 05 05 05 

02 02 02 02 02 °2- 13 16 -0 .. 04 04 04 

GND GND GND GND GND GND- 14 15 -°3 03 03 03 

TL/D/9689-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C128B pins. 

Order Number NMC27C128BQ 
See NS Package Number J28AQ 

Commercial Temp Range (O·C to + 70·C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C128B0120 120 

NMC27C128B0150 150 

NMC27C128B0200 200 

NMC27C128B0250 250 

Extended Temp Range (- 40·C to + 85·C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C128BOE120 120 

NMC27C128BOE150 150 

NMC27C128BOE200 200 

Military Temp Range (-55·C to + 125·C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C128BOM150 150 

NMC27C128BOM200 200 
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COMMERCIAL TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -10°Cto +80°C Power Dissipation 1.0W 

Storage Temperature - 65°C to + 150°C Lead Temperature (Soldering. 10 sec.) 300°C 

All Input Voltages except A9 with ESD Rating 
Respect to Ground (Note 10) +6.5Vto -0.6V (Mil Spec 883C. Method 3015.2) 2000V 

All Output Voltages with 
Operating Conditions (Note 7) Respect to Ground (Note 10) Vee + 1.0V to GND-0.6V 

Vpp Supply Voltage and A9 Temperature Range O°Cto +70°C 
with Respect to Ground Vee Power Supply +5V ±10% 
During Programming + 14.0V to -0.6V 

Vee Supply Voltage with 
Respect to Ground + 7.0V to -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = VeeorGND 0.01 1 p.A 

ILO Output Leakage Current VOUT = Vee or GND. CE = VIH 0.01 1 p.A 

Ice1 Vee Current (Active) CE = VIL. f = 5 MHz 
15 30 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL. 1/0 = 0 mA 

ICC2 Vee Current (Active) CE = GND. f = 5 MHz 
10 20 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND. 1/0 = 0 mA 

IceSB1 Vee Current (Standby) CE = VIH 0.1 1 mA 
TTL Inputs 

IceSB2 Vee Current (Standby) CE = Vee 0.5 100 p.A 
CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 p.A 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -2.5 mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 p.A 0.1 V 

VOH2 Output High Voltage IOH = -10 /-lA Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C128B 

Symbol Parameter Conditions Q120 Q150 Q200 Q250 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 
120 150 200 250 ns 

PGM = VIH 

tCE CE to Output Delay OE = VIL. PGM = VIH 120 150 200 250 ns 

tOE OE to Output Delay CE = VIL. PGM = VIH 50 60 75 100 ns 

tOF OE High to Output Float CE = VIL. PGM = VIH 0 40 0 50 0 55 0 60 ns 

tCF CE High to Output Float OE = VIL. PGM = VIH 0 40 0 50 0 55 0 60 ns 

tOH Output Hold from Addresses. CE = OE = VIL 
CE or OE. Whichever PGM = VIH 0 0 0 0 ns 
Occurred First 
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MILITARY AND EXTENDED TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Vee Supply Voltage with 
contact the National Semiconductor Sales Office/ Respect to Ground +7.0Vto -0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias Operating Temp. Range Lead Temperature (Soldering, 10 sec.) 300°C 
Storage Temperature - 65°C to + 150°C ESD Rating 
All Input Voltages except A9 with (Mil Spec 883C, Method 3015.2) 2000V 

Respect to Ground (Note 10) +6.5Vto -0.6V 

All Output Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) Vee+ 1.0V to GND-0.6V Temperature Range 

Vpp Supply Voltage and A9 NMC27C128BQE120, 150,200 - 40°C to + 85°C 
with Respect to Ground NMC27C128BQM150, 200 - 55°C to + 125°C 
During Programming + 14.0V to - 0.6V Vee Power Supply +5V±10% 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 fLA 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 10 fLA 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
15 30 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL, 110 = 0 mA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND, 1/0 = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 100 fLA CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 fLA 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -1.6mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 fLA 0.1 V 

VOH2 Output High Voltage IOH = -10 fLA Vee- 0.1 V 

AC Electrical Characteristics 
NMC27C128BQ 

Symbol Parameter Conditions E120 E150, M150 E200, M200 Units 

Min Max Min Max Min Max 

tAce Address to Output Delay CE = OE = VIL 
120 150 200 ns 

PGM = VIH 

teE CE to Output Delay OE = VIL, PGM = VIH 120 150 200 ns 

tOE OE to Output Delay CE = VIL, PGM = VIH 50 60 75 ns 

tOF OE High to Output Float CE = VIL, PGM = VIH 0 40 0 50 0 55 ns 

teF CE High to Output Float OE = VIL, PGM = VIH 0 40 0 50 0 55 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever PGM = VIH 0 0 0 ns 
Occurred First 
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Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

Conditions Typ 

VIN = OV 6 

VOUT = OV 9 

1 TTL Gate and 
CL = 100 pF (Note 8) 

::::;5 ns 

0.45V to 2.4V 

Max Units 

12 pF 

12 pF 

Timing Measurement Reference Level 

Inputs 

Outputs 

AC Waveforms (Notes 6,7 & 9) 

ADDRESSES 

cr 

5E 

OUTPUT 

2.0V 
B 

2.0V 
O,BV 

2,OV 
O.BV 

2.0V 

O.SV 

ADDRESSES VALID 

VALID OUTPUT 

0.8Vand 2V 

O.8V and 2V 

TL/0/9689-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: DE may be delayed up to tACC - tOE after the falling edge of CE without impacting tACC. 

Note 4: The tOF and tCF compare level is determined as follows: 

High to TRI-STATE, the measured VOH1 (DC) -0.10V; 

Low to TRI-STATE, the measured VOL1 (DC) +0.10V. 

Note 5: TRI-STATE may be attained using m: or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It Is recommended that at least a 0.1 /LF ceramic capacitor be used on 
every device between VCC and GND. 

Note 7: The outputs must be restricted to VCC + 1.0V to avoid latch-up and device damage. 

Note 8: 1 TTL Gate: IOL = 1.6 mA, IOH = -400/LA. 

CL: 100 pF Includes fixture capacitance. 

Note 9: Vpp may be connected to VCC except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 



Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 1 /Ls 

tOES OE Setup Time 1 /Ls 

teEs CE Setup Time OE = VIH 1 /Ls 

tos Data Setup Time 1 /Ls 

tvps Vpp Setup Time 1 /Ls 

tves Vee Setup Time 1 /Ls 

tAH Address Hold Time 0 /Ls 

tOH Data Hold Time 1 /Ls 

tOF Output Enable to Output Float Delay CE = VIL 0 60 ns 

tpw Program Pulse Width 95 100 105 /Ls 

tOE Data Valid from OE CE = VIL 100 ns 

Ipp Vpp Supply Current During CE = VIL 
30 mA 

Programming Pulse PGM = VIL 

lee Vee Supply Current 10 mA 

TA Temperature Ambient 20 25 30 DC 

Vee Power Supply Voltage 6.0 6.25 6.5 V 

Vpp Programming Supply Voltage 12.5 12.75 13.0 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Programming Waveforms (Note 3) 

I--- PROGRAt.I pe~~I~t.I_ 

ADDRESSES ~ ADDRESS N C 
rI 1 tAH -

DATA ~ DATAl" STABLE HI-Z DATA OUT VALID -ADO" ADD" 

~ JE!!. I-tOf 

cc V ~_ ~ 

vpp~ ~ 

cr O.SV 

!-'cES-

PGt;j o~Jv 
t w 

I- IoEs1 I-IoE-

~ or o~Xv 
, 

I 
TL/D/9689-4 

Note 1: National's standard product warranty applies to devices programmed to specifications described herein. 
Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 ",F capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 
Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings. The Min and Max Limit 
Parameters are Design parameters. not Tested or guaranteed. 
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INCREMENT ADDR 

FIGURE 1 
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Interactive Programming Algorithm Flow Chart (Note 4) 

INCREMENT ADDR 

TL/D/9689-6 

FIGURE 2 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C128B are listed 
in Table I. It should be noted that all inputs for the six modes 
are at TTL levels. The power supplies required are Vee and 
Vpp. The Vpp power supply must be at 12.75V during the 
three programming modes, and must be at Vee in the other 
three modes. The Vee power supply must be at 6.25V dur
ing the three programming modes, and at 5V in the other 
three modes. 

Read Mode 

The NMC27C128B has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. The programming pin 
(PGM) should be at VIH except during programming. Assum
ing that addresses are stable, address access time (tAee) is 
equal to the delay from CE to output (teE). Data is available 
at the outputs tOE after the falling edge of OE, assuming 
that CE has been low and addresses have been stable for 
at least tAee-tOE' 

The sense amps are clocked for fast access time. Vee 
should therefore be maintained at operating voltage during 
read and verify. If Vee temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C128B has a standby mode which reduces the 
active power dissipation by over 99%, from 110 mW to 
0.55 mW. The NMC27C128B is placed in the standby mode 
by applying a CMOS high signal to the CE input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR-Tying 

Because NMC27C128Bs are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 20) be decoded and used as the pri-

mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C128B. 

Initially, and after each erasure, all bits of the NMC27C128B 
are in the "1" state. Data is introduced by selectively pro
gramming "Os" into the desired bit locations. Although only 
"Os" will be programmed, both "1 s" and "Os" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27C128B is in the programming mode when the 
Vpp power supply is at 12.75V and OE is at VIH. It is re
quired that at least a 0.1 ,..,F capacitor be placed across 
Vpp, Vee to ground to suppress spurious voltage transients 
which may damage the device. The data to be programmed 
is applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 

For programming, CE should be kept TTL low at all times 
while Vpp is kept at 12.75V 

When the address and data are stable, an active low, TTL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C128B is programmed with the Fast 
Programming Algorithm shown in Figure 1. Each Address is 
programmed with a series of 100 ,..,s pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cells will 
program with a single 100 ,..,s pulse. 
Note: Some programmer manufacturers due to equipment limitation may 

offer interactive program Algorithm (shown in Figure 2 ). 

The NMC27C128B must not be programmed with a DC sig
nal applied to the PGM input. 

Programming multiple NMC27C128Bs in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C128Bs may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the PGM input programs the paralleled 
NMC27C128Bs. 

TABLE I Mode Selection 

Pins CE* OE PGM Vpp Vee Outputs 
Mode (20) (22) (27) (1) (28) (11-13,15-19) 

Read VIL VIL VIH Vee 5V DOUT 

Standby VIH Don't Don't Vee 5V Hi-Z 
Care Care 

Output Disable Don't VIH VIH Vee 5V Hi-Z 
Care 

Program VIL VIH VIL 12.75V 6.25V DIN 

Program Verify VIL VIL VIH 12.75V 6.25V DOUT 

Program Inhibit VIH Don't Don't 12.75V 6.25V Hi-Z 
Care Care 

"ALE on 87C128B 
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Functional Description (Continued) 
Program Inhibit 

Programming multiple NMC27C128s in parallel with differ
ent data is also easily accomplished. Except for CE all like 
inputs (including OE and PGM) of the parallel 
NMC27C1288s may be common. A TTL low level program 
pulse applied to an NMC27C1288's PGM input with CE at 
VIL and Vpp at 12.75V will program that NMC27C1288. A 
TTL high level CE input inhibits the other NMC27C1288s 
from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.75V. Vpp must be at 
Vee except during programming and program verify. 

MANUFACTURER'S IDENTIFICATION CODE 

The NMC27C1288 has a manufacturer's identification code 
to aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C1288 is "8F83", where "8F" designates 
that it is made by National Semiconductor, and "83" desig
nates a 128k part. 

The code is accessed by applying 12.0V ± 0.5V to address 
pin A9. Addresses A 1-A8, A 1 O-A 13, CE, and OE are held 
at VIL. Address AO is held at VIL for the manufacturer's 
code, and at VIH for the device code. The code is read out 
on the 8 data pins. Proper code access is only guaranteed 
at 25°C ± 5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C1288 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. 

After programming opaque labels should be placed over the 
NMC27C1288's window to prevent unintentional erasure. 
Covering the window will also prevent temporary functional 
failure due to the generation of photo currents. 

The recommended erasure procedure for the 
NMC27C1288 exposure to short wave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure should 
be a minimum of 15W-sec/cm2. 

The NMC27C1288 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C1288 erasure time for various 
light intensities. 

An erasure system should be cailbrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intenSity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of this device require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vee transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 J.LF ceramic 
capacitor be used on every device between Vee and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 J.LF bulk electrolytic 
capacitor should be used between Vee and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins 
AO 07 06 Os 04 03 02 01 00 Hex 
(10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code VIL 1 0 0 0 1 1 1 1 8F 

Device Code VIH 1 0 0 0 0 0 1 1 83 

TABLE III. Minimum NMC27C128B Erasure Time 

Light Intensity Erasure Time 
(J.LW/cm2) (Minutes) 

15,000 20 

10,000 25 

5,000 50 
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High Speed Version 131,072-Bit (16k x 8) 
One Time Programmable CMOS PROM 

General Description 
The NMC27C128BN is a high-speed 128k one time pro
grammable CMOS PROM, ideally suited for applications 
where fast turnaround and low power consumption are im
portant requirements. 

The NMC27C128BN is designed to operate with a single 
+ 5V power supply with ± 10% tolerance. 

The NMC27C128BN is packaged in a 28-pin dual-in-line 
plastic molded package without a transparent lid. This part 
is ideally suited for high volume production applications 
where cost is an important factor and programming only 
needs to be done once. Also the plastic molded package 
works well in auto insertion equipment used in automated 
assembly lines. 

This PROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down 

to 120 ns 
• Low CMOS power consumption 

- Active Power: 11.0 mW max 
- Standby Power: 0.55 mW max 

• Optimum PROM for total CMOS systems 
• Performance compatible to NSC800TM CMOS 

microprocessor 
• Single 5V power supply 
• Pin compatible with 128k EPROMS 
• Fast and reliable programming 

(100 p's on most bytes) 
• Static operation-no clocks required 
• TIL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Manufacturer's identification code for automatic 

programming control 
• High current CMOS level output drivers 

DATA OUTPUTS 00-07 

AO·A13.AR 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

131.072·BIT 
CELL MATRIX 
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Pin Names 

AO-A13 Addresses 

CE Chip Enable 

OE Output Enable 

00-0 7 Outputs 

PGM Program 



Connection Diagram 

27C512 27C256 27C64 27C32 27C16 27C16 27C32 27C64 

27512 27256 2764 2732 2716 
Dual-In-Llne Package 

2716 2732 2764 

A15 Vpp Vpp Vpp - 1 28 I- Vee Vee 
A12 A12 A12 A12- 2 

27 _ JinM PGM 
A7 A7 A7 A7 A7 A7 - 3 26 - AI3 Vee Vee NC 
A6 A6 A6 A6 A6 A6 - 4 25 - AI A8 A8 A8 
A5 A5 A5 A5 A5 A5 - 5 24 - At A9 A9 A9 
A4 A4 A4 A4 A4 A4- 6 23 -A11 Vpp A11 A11 
A3 A3 A3 A3 A3 A3-7 22 -Of OE DElVpp DE 
A2 A2 A2 A2 A2 AZ-8 21 I- AID A10 A10 A10 
A1 A1 A1 A1 A1 Al- 9 20 I- C£ CE/PGM CE CE 
AO AO AO AO AO AO- 10 191- 07 07 07 07 

00 00 00 00 00 00- 11 18 I- O. 06 06 06 
0, 0, 0, 0, 0, 01- 12 171-0$ Os Os Os 
02 02 02 02 02 Oz- 13 16 ~04 04 04 04 

GND GND GND GND GND GND- 14 15 I- 03 03 03 03 

TLIO/9690-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C128BN pins. 

Order Number NMC27C128BN 
See NS Package Number N28B 

Commercial Temp Range (O·C to + 70·C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C128BN120 120 

NMC27C128BN150 150 

NMC27C128BN200 200 

NMC27C128BN250 250 

For non-commercial temperature range parts. call the factory. 
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Absolute Maximum Ratings (Note 1) 

If Military! Aerospace specified devices are required, Vee Supply Voltage with 
contact the National Semiconductor Sales Office! Respect to Ground +7.0Vto -6.0V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias -10°Cto +80°C Lead Temperature (Soldering, 10 sec.) 300°C 
Storage Temperature - 65°C to + 150°C ESD Rating 
All Input Voltages except A9 with (Mil Spec 883C, Method 3015.2) 2000V 

Respect to Ground (Note 10) +6.5Vto -0.6V 

All Output Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) Vee+ 1.0V to GND-0.6V Temperature Range O°Cto + 70°C 

Vpp Supply Voltage and A9 Vee Power Supply +5V ±10% 
with Respect to Ground 
During Programming +14.0Vto -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 0.01 1 /-tA 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 0,01 1 /-tA 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
15 30 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL, 1/0 = 0 mA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 rnA 

(Note 9) CMOS Inputs Inputs = Vee or GND, 1/0 = 0 rnA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 rnA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 100 /-tA 

CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 /-tA 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 rnA 0.40 V 

VOH1 Output High Voltage IOH = -2.5 rnA 3.5 V 

VOL2 Output Low Voltage IOL = 10/-tA 0.1 V 

VOH2 Output High Voltage IOH = -10/-tA Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C128B 

Symbol Parameter Conditions N120 N150 N200 N250 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 
120 150 200 250 ns 

PGM = VIH 

teE CE to Output Delay OE = VIL, PGM = VIH 120 150 200 250 ns 

tOE OE to Output Delay CE = VIL, PGM = VIH 50 60 75 100 ns 

tDF OE High to Output Float CE = VIL, PGM = VIH 0 40 0 50 0 55 0 60 ns 

teF CE High to Output Float OE = VIL, PGM = VIH 0 40 0 50 0 55 0 60 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever PGM = VIH 0 0 0 0 ns 
Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol Parameter 

C,N Input Capacitance 

COUT· Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

Conditions Typ 

V,N = OV 5 

VOUT = OV 8 

1 TTL Gate and 
CL = 100 pF (Note 8) 

~5 ns 

0.45V to 2.4V 

AC Waveforms (Notes 6, 7 & 9) 

Max Units 

10 pF 

10 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

ADDRESSES ADDRESSES VALID 

cr 2.0V 
O.BV 

OE 2.0V 
O.BV 

OUTPUT *2.~OV;--+-_H_I-_Z_-+H-f+-~E+< VALID OUTPUT 
O.BV --~r....Io.OI"+-------_~'r-___ -+_~'-6oIiJ1 

14-___ tACC ___ -1 

(NOTE 3) 

0.8V and 2V 
0.8Vand 2V 

HI-Z 

TLID/9690-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: OE may be delayed up to tAee - toE after the falling edge of CE without impacting tAee. 

Note 4: The tOF and tcF compare level is determined as follows: 
High to TRI·STATE, the measured VOHI (DC) - 0.10V; 
Low to TRI·STATE, the measured VOLl (DC) + 0.10V. 

Note 5: TRI·STATE may be attained using DE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 JLF ceramic capacitor be used on 
every device between Vee and GND. 

Note 7: The outputs must be restricted to Vee + 1.0V to avoid latch·up and device damage. 

Note 8: 1 TTL Gate: IOL = 1.6 mA, IOH = - 400 JLA. 
CL: 100 pF includes fixture capacitance. 

Note 9: Vpp may be connected to Vee except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns max. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions 

tAS Address Setup Time 

tOES OE Setup Time 

teEs CE Setup Time DE = VIH 

tos Data Setup Time 

tvps Vpp Setup Time 

tves Vee Setup Time 

tAH Address Hold Time 

tOH Data Hold Time 

tOF Output Enable to Output Float Delay CE = VIL 

tpw Program Pulse Width 

tOE Data Valid from OE CE = VIL 

Ipp Vpp Supply Current During CE = VIL 
Programming Pulse PGM = VIL 

lee Vee Supply Current 

TA Temperature Ambient 

Vee Power Supply Voltage 

Vpp Programming Supply Voltage 

tFR Input Rise, Fall Time 

VIL Input Low Voltage 

VIH Input High Voltage 

tiN Input Timing Reference Voltage 

tOUT Output Timing Reference Voltage 
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Min Typ Max Units 

1 ,..,s 

1 ,..,s 

1 ,..,S 

1 ,..,s 

1 ,..,s 

1 ,..,s 

0 ,..,s 

1 ,..,s 

0 60 ns 

95 100 105 ,..,s 

100 ns 

30 mA 

10 mA 

20 25 30 ·C 

6.0 6.25 6.5 V 

12.5 12.75 13.0 V 

5 ns 

0.0 0.45 V 

2.4 4.0 V 

0.8 1.5 2.0 V 

0.8 1.5 2.0 V 



Programming Waveforms (Note 3) 

OE 2V 
O.BV 

TL/D/9690-4 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 J-LF capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings. The Min and Max Limit 
Parameters are Design parameters, not tested or guaranteed. 
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FIGURE 1 
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Interactive Programming Algorithm Flow Chart (Note 4) 

INCREMENT ADDR 

FIGURE 2 
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Functional Description 
DEVICE OP~RATION 

The six modes of operation of the NMC27C128BN are listed 
in Table I. It should be noted that all inputs for the six modes 
are at TTL levels. The power supplies required are Vee and 
Vpp. The Vpp power supply must be at 12.75V during the 
three programming modes, and must be at Vee in the other 
three modes. The Vee power supply must be at 6.25V dur
ing the three programming modes, and at 5V in the other 
three modes. 

Read Mode 

The NMC27C128BN has two control functions, both of 
which must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and should 
be used for device selection. Output Enable (OE) is the out
put control and should be used to gate data to the output 
pins, independent of device selection. The programming pin 
(PGM) should be at VIH except during programming. Assum
ing that addresses are stable, address access time (tAee) is 
equal to the delay from CE to output (teE). Data is available 
at the outputs toE after the falling edge of OE, assuming 
that CE has been low and addresses have been stable for 
at least tAee-tOE' 
The sense amps are clocked for fast access time. Vee 
should therefore be maintained at operating voltage during 
read and verify. If Vee temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C128BN has a standby mode which reduces 
the active power dissipation over 99%, from 110 mW to 
0.55 mW. The NMC27C128BN is placed in the standby 
mode by applying a CMOS high signal to the CE input. 
When in standby mode, the outputs are in a high impedance 
state, independent of the OE input. 

Output OR-Tying 

Because NMC27C128BNs are usually used in larger memo
ry arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 20) be decoded and used as the pri
mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C128BN. 

Initially, and after each erasure, all bits of the 
NMC27C128BN are in the "1" state. Data is introduced by 
selectively programming "Os" into the desired bit locations. 
Although only "Os" will be programmed, both "1 s .. and "Os" 
can be presented in the data word. 

The NMC27C128BN is in the programming mode when the 
Vpp power supply is at 12.75V and OE is at VIH. It is re
quired that at least a 0.1 J.LF capacitor be placed across 
Vpp, Vee to ground to suppress spurious voltage transients 
which may damage the device. The data to be programmed 
is applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 

For programming, CE should be kept TTL low at all times 
while Vpp is kept at 12.75V. 

When the address and data are stable, an active low TTL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C128BN is programmed with the 
Fast Programming Algorithm shown in Figure 1. Each Ad
dress is programmed with a series of 100 J.Ls pulses until it 
verifies good, up to a maximum of 25 pulses. Most memory 
cells will Program with a single 100 J.Ls pulse. 
Note: Some programmer manufacturers due to equipment limitation may 

offer interactive program Algorithm (Shown in Figure 2). 

The NMC27C128BN must not be programmed with a DC 
signal applied to the PGM input. 

Programming multiple NMC27C128BNs in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C128BNs may be connected together when 
they are programmed with the same data. A low level TTL 
pulse applied to the PGM input programs the paralleled 
NMC27C128BNs. 

TABLE I. Mode Selection 

Pins CE OE PGM Vpp Vee Outputs 
Mode (20) (22) (27) (1) (28) (11-13,15-19) 

Read VIL VIL VIH Vee 5V DOUT 

Standby VIH Don't Care Don't Care Vee 5V Hi-Z 

Output Disable Don't Care VIH VIH Vee 5V Hi-Z 

Program VIL VIH VIL 12.75V 6.25V DIN 

Program Verify VIL VIL VIH 12.75V 6.25V DOUT 

Program Inhibit VIH Don't Care Don't Care 12.75V 6.25V Hi-Z 
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Functional Description (Continued) 

The NMC27C128BN is packaged in a plastic molded pack
age which does not have a transparent lid. Therefore the 
memory cannot be erased. This means that after a user has 
programmed a memory cell to a "0" it cannot be changed 
back to a "1". 

If an application requires erasing and reprogramming, the 
NMC27C128BQ UV Erasable PROM in a windowed pack
age should be used. 

Program Inhibit 

Programming multiple NMC27C128BNs in parallel with dif
ferent data is also easily accomplished. Except for CE all 
like inputs (including OE and PGM) of the parallel 
NMC27C128BNs may be common. A TIL low level program 
pulse applied to an NMC27C128BNs PGM input with CE at 
VIL and Vpp at 12.75V will program that NMC27C128BN. A 
TIL high level CE input inhibits the other NMC27C128BNs 
from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.75V (Vpp must be at 
Vce) except during programming and program verify. 

MANUFACTURER'S IDENTIFICATION CODE 

The NMC27C128BN has a manufacturer's identification 
code to aid in programming. The code, shown in Table II, is 
two bytes wide and is stored in a ROM configuration on the 
chip. It identifies the manufacturer and the device type. The 
code for the NMC27C128BN is "8F83", where "8F" desig
nates that it is made by National Semiconductor, and "83" 
designates a 128k part. 

The code is accessed by applying 12.0V ± 0.5V to address 
pin A9. Addresses A1-A8, Al0-A13, CE, and OE are held 
at VIL. Address AO is held at VIL for the manufacturer's 
code, and at VIH for the device code. The code is read out 
on the 8 data pins. Proper code access is only guaranteed 
at 25°C ± 5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in a EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 p.F ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 p.F bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins Ao 07 06 05 04 03 02 01 00 Hex 
(10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code VIL 1 0 0 0 1 1 1 1 8F 

Device Code VIH 1 0 0 0 0 0 1 1 83 
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~National 
D Semiconductor 

PRELIMINARY 

NMC27C128C 131,072-Bit (16k x 8) 
UV Erasable CMOS PROM (Very High Speed Version) 

General Description 
The NMC27C128C is a high-speed 128k, UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C128C is designed to operate with a single 
+ 5V power supply with 10% tolerance. 

The NMC27C128C is packaged in a 28-pin dual-in-line 
package with transparent lid. The transparent lid allows the 
user to expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written electrically into 
the device by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. A two transistor 
memory cell is used for speed enhancement. 

Block Diagram 

Features 
• Clocked sense amps and two transistor memory cell for 

fast access time 

• Low CMOS power consumption 
- Active power: 275 mW max 
- Standby power: 5.1 mW max 

• Single 5V power supply 
• Pin compatible with standard CMOS and NMOS 

EPROMs 
• Performance compatible with current high-speed 

microprocessors 
• Fast and reliable programming (100 fLs for most bytes) 
• Static operation-no clocks required 
• TTL, CMOS compatible input! outputs 
• TRI-STATE output 
• Manufacturer's identification code for automatic pro

gramming control 
• High current CMOS level output drivers 

DATA OUTPUTS 00-0, 

AD-A1l 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

131.072-BIT 
CELL MATRIX 

1-96 

TL/D/91B5-1 

Pin Names 

AO-A13 Addresses 

CE- Chip Enable 

OE- Output Enable 

00-0 7 Outputs 



Connection Diagram 

27C512 27C256 27C64 27C32 27C16 NMC27C128C 27C16 27C32 27C64 

27512 27256 2764 2732 2716 Dual·ln·Llne Package 2716 2732 2764 

A15 Vpp Vpp V,,- 1 21 ~ Vee Vee 

A12 A12 A12 A12- 2 21 ~ PCII PGM 

A7 A7 A7 A7 A7 A1- 3 21-A13 Vee Vee NC 

A6 A6 A6 A6 A6 AI-4 25 ~AI A8 A8 AS 

A5 A5 A5 A5 A5 A5-5 24 -AI A9 A9 A9 

A4 A4 A4 A4 A4 AC-I 23 ~ A11 Vpp A11 A11 

A3 A3 A3 A3 A3 Al-1 U-1iI OE OElVpp OE 

A2 A2 A2 A2 A2 A2-1 21 ~ A1G A10 A10 A10 

A1 A1 A1 A1 A1 A1- • 20~~ CE/PGM CE CE 

AO AO AO AO AO AO- 10 1. -07 07 07 07 

00 00 00 00 00 00- 11 11 -0. Os Os Os 

01 01 01 01 01 0,- 12 11 ~Os 05 05 05 

02 02 02 02 02 Oz- 13 16 i'""'" O. 04 04 04 

GND GND GND GND GND GND- 14 15-113 03 03 03 
TL/D/9185-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C128CQ pins. 

Order Number NMC27C128CQ 
See NS Package Number J28AQ 

Commercial Temp. Range (O·C to 70·C) 
Vee = 5V ±10% 

Parameter IOrder Number Access Time (ns) 

NMC27C128CQ 45 45 

NMC27C128CQ 55 55 

NMC27C12SCQ 70 70 

1·97 

27C256 

27256 

Vee 

A14 

A13 

A8 

A9 

A11 

OE 

A10 

CE/PGM 

07 

Os 

05 

04 

03 

27C512 

27512 

Vee 

A14 

A13 

AS 

A9 

A11 

OElVpp 

A10 

CE 

07 

Os 

05 

04 

03 
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Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, All Output Voltages with 
contact the National Semiconductor Sales Office/ Respect to Ground (Note 10) Vee + 1.0Vto GND -0.6V 
Distributors for availability and specifications. Vpp Supply Voltage and A9 
Temperature Under Bias -10·Cto +80·C with Respect to Ground 

Storage Temperature -65·C to + 150·C During Programming +14.0Vto -0.6V 

All Input Voltages except A9 Power Dissipation 1.0W 

with Respect to Ground Lead Temperature (Soldering, 10 sec.) 300·C 
(Note 10) +6.5Vto -0.6V ESD rating 

Vee Supply Voltage with (Mil Std. 883C, Method 3015.2) 2000V 
Respect to Ground + 7.0V to -6.0V 

Operating Conditions (Note 6) 

Temperature Range O·Cto +70·C 

Vee Power Supply +5V ±10% 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 0.01 1 ,."A 

ILO Output Leakage Current Your = Vee or GND, CE = VIH 0.01 1 ,."A 

IpP1 Vpp Load Current Vpp = Vee 10 ,."A 

lee1 Vee Current (Active) f = 20 MHz, Inputs = VIH or 
30 70 mA 

(Note 9) TIL Inputs VIL, 110 = 0 mA 

lee2 Vee Current (Active) f = 20 MHz, Inputs = Vee or 
25 50 mA 

(Note 9) CMOS Inputs GND, 110 = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 
2 5 mA 

TIL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 1 mA 

CMOS Inputs 

VIL Input Low Voltage (Note 10) -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 16mA 0.40 V 

VOH1 Output High Voltage IOH = -2.5mA 
3.5 V 

(Note 7) 

VOL2 Output Low Voltage IOL = 10,."A 0.1 V 

VOH2 Output High Voltage IOH = -10,."A (Note 7) Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C128C 

Symbol Parameter Conditions 
Q45 Q55 Q70 

Units 
Min Max Min Max Min Max 

tAee Address to Output Delay Ot, = CE = VIL 45 55 70 ns 

teE CE to Output Delay OE = VIL 45 55 70 ns 

tOE OE to Output Delay CE = VIL 25 25 30 ns 

tOF OE Disable to Output Float CE = VIL 
0 25 0 25 0 30 ns 

(Note 2) 

teF CE Disable to Output Float OE = VIL 
0 25 0 25 0 30 

ns 
(Note 2) 

tOH Output Hold from Addresses, OE, = CE = VIL 
~ or CE, Whichever 0 0 0 ns 
Occurred First 

1·98 



Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol Parameter Conditions Typ Max Units 

CIN Input Capacitance VIN = OV S 12 pF 

COUT Output Capacitance VOUT = OV 9 12 pF 

AC Test Conditions 
Input Rise and Fall Times 

Input Pulse Levels 

:0:5 ns 

O.OVto 3.0V 
Output ~Vref=2.01V 

..L A R=.9!.~n 
Output Load is 97.Sfi between 

all output and 2.01V, CL = 30 pF (Note 8) 

Timing Measurement Reference Level 
Inputs 
Outputs 

AC Waveforms (Notes S, 7 and 9) 

ADDRESSES 
(NOTE 1) 

OUTPUT 

0.8Vand 2V 
O.8Vand 2V 

VALID OUTPUT 

I CL =30pr 
Output Loading 

TLlD/91B5-3 

TL/D/91B5-4 

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

Note 2: This parameter Is only sampled and is not 100% tested. 

Note 3: OE' may be delayed up to tAee - toe after the falling edge of CE without impacting tAee. 

Note 4: The tOF and tcF compare level Is determined as follows: 
High to TRI-STATE, the measured VOHI (DC) - 0.10V; 
Low to TRI-STATE, the measured VOlt (DC) + 0.10V. 

Note 5: TRI-STATE may be attained by ~ = VIH or OE' = VIH. 

Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 !-IF ceramic capacitor be used on 
every device between Vee and GND. 

Note 7: The outputs must be restricted to Vee + 1.0V to avoid latch-up and device damage. 

Note 8: CL = 30 pF includes fixture capacitance. 

Note 9: Vpp may be connected to Vee except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for a maximum of 20 ns. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions 

tAS Address Setup Time 

tos Data Setup Time 

tAH Address Hold Time 

tOH Data Hold Time 

tOF Output Enable to Output Float Delay 
(Notes 5, 6) 

tOES OE Hold Time 

tpw Program Pulse Width 

Ipp Vpp Supply Current During OE, CE, PGM = VIL 
Programming Pulse 

lee Vee Supply Current 

tVM1 OE to Data Valid PGM = VIH, 
During Verify Mode 1 CE = VIL 

tVM2 CE to Data Valid PGM = VIH, 
During Verify Mode 2 OE = VIL 

tvps Vpp Setup Time 

tves Vee Setup Time 

teEs CE Setup Time OE = VIH 

TA Temperature Ambient 

Vee Power Supply Voltage 

Vpp Programming Supply Voltage 

tFR Input Rise, Fall Time 

VIL Input Low Voltage 

VIH Input High Voltage 

tiN Input Timing Level Reference Voltage 

tOUT Output Timing Level Reference Voltage 

1-100 

Min Typ Max Units 

1 fLs 

1 fLs 

0 fLs 

1 fLs 

0 50 ns 

1 fLs 

95 100 105 fLs 

60 mA 

60 mA 

0.1 fLs 

0.1 fLs 

1 fLs 

1 fLs 

1 fLs 

20 25 30 'C 

6.0 6.25 6.5 V 

12.5 12.75 13.0 V 

5 ns 

0.0 0.45 V 

2.4 4.0 V 

0.8 1.5 2.0 V 

0.8 1.5 2.0 V 



Programming Waveforms (Note 4) 

PROGRAt.4 VERIFY PROGRAt.4 VERIFY 

ADDRESSES 

PROGRAt.4 (t.40DE 1) (t.40DE 2) -
U ADDRESS N K: O.BV 

~ r-tAH
:""-' 

~ HI-Z 2.0V DATA VALID XX)( . DATA VALID 
O.BV 

DATA IN STABLE 
O.BV IIODE I IIODE 2 OUTPUT 

~ ~ _tOF_ 

12.5V 
Vee Vpp 

tvps-

~ O.BV tvcs 

I--tVt.l2-

~ ) O.BV 

T.='tcES .-

2.0V \ ~ O.BV 

~ 
I+-

toEs1 I+-tVI,II-

2.0V " ) O.BV 

TL/D/9185-5 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 /LF capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the fast programming algorithm at typical power supply voltages and timings. The min and max limit 
parameters are design parameters. not Tested or guaranteed. 
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INCREMENT ADDR 

FIGURE 1 
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Functional Description 
Device Operation 
The modes of operation of the NMC27C128C are listed in 
Table I. It should be noted that all inputs may be at TIL 
levels. The power supplies required are Vpp and Vee. The 
Vee power supply must be at 6.25V during the programming 
modes and at 5V in the other modes. The Vpp pin must be 
at 12.75V in the programming and verify mode, and VIL in 
the read mode. 

Read Mode 
The NMC27C128C has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Data is available at the 
outputs toe after the falling edge of OE, assuming that CE 
has been low and the addresses have been stable for at 
least tacc-toe. The sense amps are clocked for fast access 
time. Vee should therefore be maintained at operating volt
age during read and verify. If Vee temporarily drops below 
the spec. voltage (but not to ground) an address transition 
must be performed after the drop to insure proper output 
data. 

Standby Mode 
The NMC27C128C has a standby mode which reduces the 
active power dissipation by 98%, from 275 mW to 5.5 mW. 
The NMC27C128C is placed in standby mode by applying a 
CMOS high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 

Output Or-Tying 
Because NMC27C128Cs are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) complete assurance that output bus contention will 
not occur, and 

b) the lowest possible memory power dissipation. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 20) be decoded and used as the pri
mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their power 
standby modes and that the output pins are active only 
when data is desired from a particular memory device. 

Programming 
CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C128C. The NMC27C128C has a new memory cell 
which contributes greatly to its speed. The cell has two tran
sistors which supply data to two data lines. When pro
grammed either one or the other of the two transistors is 
programmed. When accessed, the memory cell will dis-

charge one of the two data lines, providing a differential 
voltage. This differential signal is then applied through pass 
devices to a true differential sense amplifier. 

Initially, all memory cells are totally unprogrammed. In an 
unprogrammed state both transistors source the same cur
rent through the data lines and thus no differential is pro
duced. Because of this, any attempt to read data in the read 
mode from an unprogrammed device will result in arbitrary 
outputs. The NMC27C128C is in the program and verify 
mode when Vpp is raised to 12.75V. To verify that a device 
is totally blank, the verify mode must be entered. In the 
verify mode each transistor of the memory cell is checked 
against a reference cell. By toggling CE both transistors in 
the cell are checked. For a totally unprogrammed device in 
the verify mode all outputs will be at a "1" state for CE = 
VIH and at a "0" state for CE = VIL. 

During programming it is required that at least a 0.1 p.F ca
pacitor be placed across Vpp, Vee to ground to suppress 
spurious voltage transients which may damage the device. 
The data to be programmed are applied 8 bits in parallel to 
the data output pins. The levels required for the address, 
clock, and data inputs are TIL. 

When the addresses, clocks and data are stable, an active 
low, TIL program pulsed is applied to the PGM input. A 
program pulse must be applied to each address location 
that is to be programmed. A memory cell has been com
pletely programmed when data from both verify modes 
matches the input data. The NMC27C128C is programmed 
with the fast programming algorithm shown in FIGURE 1. 
Each address is programmed with a series of 100 p.s pulses 
until the device verifies good, up to a maximum of 25 pulses. 
Most memory cells will program with a single 100 p.s pulse. 
The NMC27C128C must not be programmed with a DC sig
nal applied to the PGM input. Programming multiple 
NMC27C128Cs in parallel with the same data can be easily 
accomplished due to the simplicity of the programming re
quirements. Like inputs of the paralleled NMC27C128Cs 
may be connected together when they are programmed 
with the same data. A low level TIL pulse applied to the 
PGM input (with CE low and OE high) programs the paral
leled NMC27C128Cs. 

Program Inhibit 
Programming multiple NMC27C128Cs in parallel with differ
ent data is also easily accomplished. Except for PGM all like 
inputs (including Vpp, CE and OE) of the paralleled 
NMC27C128Cs may be common. A TIL low level applied to 
an NMC27C128Cs PGM input (with the other control pins at 
the appropriate levels) will program that NMC27C128C 
while keeping the same pin high on the others inhibits pro
gramming. 

Program Verify 
A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. A veri
fy done in the read mode may not ensure that the bits have 
been programmed with adequate margins for reliable opera
tion. To guarantee adequate margins the device should be 
verified in the verify mode. In this mode each transistor of 
the memory cell is checked against a reference cell. Verify 

1-103 



o co 
N ,... 
o 
l"'
N o 
:E 
z 

Program Verify (Continued) 

mode is entered with Vee at 6.25V Vpp at 12.75V, DE at VIL 
and PGM at VIH. CE is at VIH and the data read for verify 
mode 1, and CE is at VIL for verify mode 2. The data read in 
both modes must be the same as the expected data for a 
completely programmed cell. 

Manufacturer's Identification Code 
The NMC27C128C has a manufacturer's identification code 
to aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C128C is "8383", where "83" designates 
that it is made by National Semiconductor, and "83" desig
nates it as a 128k part. 

The code is accessed by applying 12.0V ± 0.5V to address 
pin A9. Addresses A 1-A8, A 1 O-A 13, CE and OE are held 
at VIL and PGM is held at VIH. Address AO is held at VIL for 
the manufacturer's code, and at VIH for the device code. 
The code is read out on the 8 data pins. Proper code access 
is only guaranteed at 25°C ± 5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

Erasure Characteristics 
The erasure characteristics of the NMC27C128C are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
flourescent lamps have wavelengths in the 3000A-4000A 
range. After programming opaque lables should be placed 
over the NMC27C128C's window to prevent unintentional 
erasure. Covering the window will also prevent temporary 
functional failure due to the generation of photo currents. 

The recommended erasure procedure for the 
NMC27C128C is exposure to short wave ultraviolet light 
which has a wavelength of 2537 A. The integrated dose (Le., 

UV intensity x exposure time) for erasure should be a mini
mum of 15 W-sec/cm2. 

The NMC27C128C should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C128C erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4). Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

System Consideration 
The power switching characteristics of EPROMs require 
careful decoupling of devices. The supply current, Icc, has 
two segments that are of interest to the system designer
the active current level and the transient current peaks that 
are produced by voltage transitions on the input pins. The 
magnitude of these transient current peaks is dependent on 
the output capacitance loading of the device. The associat
ed Vee transient voltage peaks can be suppressed by prop
erly selected decoupling capacitors. It is recommended that 
at least a 0.1 p.F ceramic capacitor be used on every device 
between Vee and GND. This should be a high frequency 
capacitor of low inherent inductance. In addition, at least a 
4.7 p.F bulk electrolytic capacitor should be used between 
Vee and GND for each eight devices. The bulk capacitor 
should be located near where the power supply is connect
ed to the array. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive effects 
of the PC board traces. 

TABLE I. Mode Selection 

Pins 
Vpp OE CE PGM Vee Outputs 

Mode 
(1) (22) (20) (27) (28) (11-13,15-19) 

Read Vee VIL VIL VIH 5V Dour 

Standby Vee Don't Care VIH VIH 5V Hi-Z 

Output Disable Vee VIH Don't Care VIH 5V Hi-Z 

Program Vpp VIH VIL VIL 6.25V DIN 

Verify (Mode 1) Vpp VIL VIH VIH 6.25V Dour 
VOH if Blank 

Verify (Mode 2) Vpp VIL VIL VIH 6.25V Dour 
VOL if Blank 

Program Inhibit Vpp VIH VIH VIH 6.25V Hi-Z 
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~National 
D Semiconductor 
NMC27C256 
262, 144-Bit (32k x 8) UV Erasable CMOS PROM 

General Description 
The NMC27C256 is a high-speed 256k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C256 is designed to operate with a single + 5V 
power supply with ± 5% or ± 10% tolerance. The CMOS 
design allows the part to operate over Extended and Military 
Temperature Ranges. 

The NMC27C256 is packaged in a 28-pin dual in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down to 

170 ns 

• Low CMOS power consumption 
- Active power: 55 mW max 
- Standby power: 0.55 mW max 

• Performance compatible to NSC800™ CMOS micro
processor 

• Single 5V power supply 
• Extended temperature range (NMC27C2560E), 

- 40°C to + 85°C, and military temperature range 
(NMC27C2560M), -55°C to + 125°C, available 

• Pin compatible with NMOS 256k EPROMs 
• Fast and reliable programming (0.5 ms for most bytes) 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Optimum EPROM for total CMOS systems 

DATA OUTPUTS Oe-ih 
Vee <>--+ 
GNDo--+ 

AO-A14 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

262,1UBIT 
CELL MATRIX 
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Pin Names 

AO-A14 Addresses 

CE Chip Enable 

OE Output Enable 

00-0 7 Outputs 

PGM Program 

NC No Connect 
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Connection Diagram 

27C512 27C128 27C64 27C32 27C16 NMC27C256Q 27C16 27C32 27C64 27C128 27C512 

27512 27128 2764 2732 2716 Dual·ln·Line Package 2716 2732 2764 27128 27512 

A15 Vpp Vpp Vpp - 1 28 - Vee Vee Vee Vee 

A12 A12 A12 A12 - 2 27 - At4 PGM PGM A14 

A7 A7 A7 A7 A7 A7 - 3 26 - At3 Vee Vee NC A13 A13 

A6 A6 A6 A6 A6 A6 - 4 25 - A8 A8 AS AS A8 AS 

A5 A5 A5 A5 A5 AS - 5 24 - A9 A9 A9 A9 A9 A9 

A4 A4 A4 A4 A4 A4- 6 23 - Att Vpp A11 A11 A11 A11 

A3 A3 A3 A3 A3 A3- 7 22 - DE OE OElVpp OE OE OElVpp 

A2 A2 A2 A2 A2 A2- 8 21 - AtO A10 A10 A10 A10 A10 

A1 A1 A1 A1 A1 At- 9 20 - U,PGK1 CE/PGM CE CE CE CE 

AO AO AO AO AO AO- 10 19 -07 07 07 07 07 07 

00 00 00 00 00 00- 11 18 r-O& 06 06 06 06 06 

01 01 01 .01 01 01- 12 17 r- 05 Os Os Os Os Os 

02 02 02 02 02 02- 13 16 r- 04 04 04 04 04 04 

GND GND GND GND GND GND- 14 15 t-- 03 03 03 03 03 03 

TL/D17512-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C256 pins. 

Order Number NMC27C256Q 
See NS Package Number J28AQ 

Commercial Temp Range WC to + 70·C) 
Vec = 5V ±5% 

Parameter/Order Number Access Time 

NMC27C256017 170 

NMC27C256020 200 

NMC27C256025 250 

Commercial Temp Range (O·C to + 70·C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time 

N MC27C2560200 200 

N MC27C2560250 250 

NMC27C2560300 300 

Extended Temp Range ( - 40·C to + 85·C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time 

N MC27C2560E200 200 

N MC27C2560E250 250 

Military Temp Range (- 55·C to + 125·C) 
Vee = 5V ± 10% 

Parameter/Order Number Access Time 

N MC27C2560M250 250 

NMC27C2560M350 350 
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COMMERCIAL TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -10·Cto +80·C Power Dissipation 1.0W 

Storage Temperature - 65·C to + 150·C Lead Temperature (Soldering, 10 sec.) 300·C 

All Input Voltages with Vee Supply Voltage with 
Respect to Ground (Note 10) +6.5Vto -0.6V Respect to Ground +7.0Vto -0.6V 

All Output Voltages with 
Operating Conditions (Note 7) Respect to Ground (Note 10) Vee+ 1.0V to GND-0.6V 

Vpp Supply Voltage with Respect Temperature Range O·Cto +70·C 
to Ground During Programming + 14.0V to - 0.6V Vee Power Supply 

NMC27C256017, 20, 25 5V ±5% 
NMC27C2560200, 250, 300 5V ±10% 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 p.A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 10 p.A 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
5 20 mA 

(Note 9) TIL Inputs Inputs = VIH or VIL, 110 = 0 mA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
3 10 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND, 110 = 0 mA 

leeS81 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TIL Inputs 

leeS82 Vee Current (Standby) CE = Vee 
0.5 100 p.A 

CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 p.A 

VIL Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.45 V 

VOH1 Output High Voltage IOH = -400 p.A 2.4 V 

VOL2 Output Low Voltage IOL = 0 p.A 0.1 V 

VOH2 Output High Voltage IOH = 0 p.A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C256 

Symbol Parameter Conditions Q17 Q20, Q200 Q25, Q250 Q300 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 170 200 250 300 ns 

tCE CE to Output Delay OE = VIL 170 200 250 300 ns 

tOE OE to Output Delay CE = VIL 75 75 100 120 ns 

tOF OE High to Output Float CE = VIL 0 60 0 60 0 60 0 105 ns 

tCF CE High to Output Float OE = VIL 0 60 0 60 0 60 0 105 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever 0 0 0 0 ns 
Occurred First 
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MILITARY AND EXTENDED TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Temperature Under Bias Operating Temp Range Power Dissipation 1.0W 

Storage Temperature - 65°C to + 150°C Lead Temperature (Soldering, 10 sec.) 300°C 

All Input Voltages with Vee Supply Voltage with 
Respect to Ground (Note 10) +6.5Vto -0.6V Respect to Ground + 7.0V to -0.6V 

All Output Voltages with 
Operating Conditions (Note 7) Respect to Ground (Note 10) Vee + 1.0V to GND-0.6V 

Vpp Supply Voltage with Temperature Range 
Respect to Ground NMC27C2560E200, 250 -40°C to +S5°C 
During Programming + 14.0V to - 0.6V NMC27C2560M250, M350 - 55°C to + 125°C 

Vee Power Supply 5V ±10% 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 p,A 

ILO Output Leakage Current Your = Vee or GND, CE = VIH 10 p,A 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
5 20 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL, 1/0 = 0 mA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
3 10 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND, 1/0 = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 0.5 100 p,A 
CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 p,A 

VIL Input Low Voltage -0.1 O.S V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.45 V 

VOH1 Output High Voltage IOH = -400 p,A 2.4 V 

VOL2 Output Low Voltage IOH = 0 p,A 0.1 V 

VOH2 Output High Voltage IOH = 0 p,A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C256Q 

Symbol Parameter Conditions 
E200 

E250 
M350 

Units 
M250 

Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 200 250 350 ns 

teE CE to Output Delay OE = VIL 200 250 350 ns 

tOE OE to Output Delay CE = VIL 75 100 120 ns 

tDF OE High to Output Float CE = VIL 0 60 0 60 0 105 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE Whichever 0 0 0 ns 
Occurred First 

teF CE High to Output Float OE = VIL 0 60 0 60 0 105 ns 
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Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol Parameter 

Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

Conditions Typ 

6 

VOUT = OV 9 

1 TIL Gate and 
CL = 100 pF (Note 8) 

:0;:5 ns 

0,45V to 2,4V 

AC Waveforms (Notes 6, 7 & 9) 

Max Units 

12 pF 

12 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

-" 
~ ADDRESSES ADDRESSES VALID " ). 
~ ., 

" 

- -cr 2.0V ) O.BV (( 

~tcr-
!--tCE--

" 
NOTES 4, 5 

6E 2.0V '\ J O.BV (( 

tOE 
JJ 

tor 
~ - ~ (NOTE 3) (( 

NOTES4,5) 
2.0V Hi-Z 

VALID OUTPUT ;; "''''''''' 
Hi-Z 

OUTPUT 
""""""""" "."", O.BV 

" 
-tOHI-

tACC 
f--(NOTE3)--

0.8V and 2V 
0.8V and 2V 

Tl/D/7512-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: DE may be delayed up to tACC - tOE after the falling edge of CE without impacting tACC. 

Note 4: The tOF and tCF compare level is determined as follows: 
High to TRI-STATE, the measured VOHl (DC) - 0.10V; 
Low to TRI-STATE, the measured VOLl (DC) + 0.10V. 

Note 5: TRI-STATE may be attained using DE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 fLF ceramic capacitor be used on 
every device between Vcc and GND. 

Note 7: The outputs must be restricted to VCC + 1.0V to avoid latch-up and device damage. 

Note 8: 1 TTL Gate: IOl = 1.6 mA, IOH = -400 fLA. 
Cl: 100 pF includes fixture capacitance. 

Note 9: Vpp may be connected to VCC except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 

1-109 



Programming Characteristics (Notes 1,2,3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 2 p's 

toES OE Setup Time 2 p's 

tvps Vpp Setup Time 2 p's 

tves Vee Setup Time 2 p.s 

tos Data Setup Time 2 p's 

tAH Address Hold Time 0 p's 

tDH Data Hold Time 2 p's 

tDF Output Enable to Output Float Delay CE = VIL 0 130 ns 

tpw Program Pulse Width 0.5 0.5 10 ms 

tOE Data Valid from OE CE = VIL 150 ns 

Ipp Vpp Supply Current During CE = VIL 
30 mA 

Programming Pulse PGM = VIL 

lee Vee Supply Current 10 mA 

TA Temperature Ambient 20 25 30 ·C 

Vee Power Supply Voltage 5.75 6.0 6.25 V 

Vpp Programming Supply Voltage 12.2 13.0 13.3 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

touT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Note.1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 J-tF capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the Interactive Program Algorithm, at typical power supply voltages and timings. The Min and Max Limit 
Parameters are Design parameters, not Tested or guaranteed. 

Programming Waveforms (Note 3) 

i+-PROGRAt.l P~~~I~t.l_ 

ADDRESSES D ADDRESS N K: 
~ 1 tAH I-

2V DATA IN STAaL! HI-Z DATA OUT VAUD 
DATA~ ADO N ADO N I--

~ ~ :--tOF 

Vee 
S.7SV 

tvcs 

Vpp ::::...J ~ 

CE o:~V 
t 

-
toEs1 I-toE-' 

--OE 2V 

"' 
j O.SV 

TL/D/7512-4 
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Interactive Programming Algorithm Flow Chart 

INCREMENT ADDR 

FIGURE 1 
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~ r---------------------------------------------------------------------~ 
ll) 

~ Functional Description 
I' 
~ DEVICE OPERATION 

:E The six modes of operation of the NMC27C256 are listed in 
Z Table I. It should be noted that all inputs for the six modes 

are at TTL levels. The power supplies required are Vee and 
Vpp. The Vpp power supply must be at 13.0V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vee power supply must be at 6V during 
the three programming modes, and at 5V in the other three 
modes. 

Read Mode 

The NMC27C256 has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tAee) is equal to the delay 
from CE to output (teE)' Data is available at the outputs tOE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAee - tOE. 

The sense amps are clocked for fast access time. Vee 
should therefore be maintained at operating voltage during 
read and verify. If Vee temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to ensure proper output data. 

Standby Mode 

The NMC27C256 has a standby mode which reduces the 
active power dissipation by 99%, from 55 mW to 0.55 mW. 
The NMC27C256 is placed in the standby mode by applying 
a CMOS high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 

Output OR-Tying 

Because NMC27C256s are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 20) be decoded and used as the pri
mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C256. 

Initially, and after each erasure, all bits of the NMC27C256 
are in the "1" state. Data is introduced by selectively pro
gramming "Os" into the desired bit locations. Although only 
"Os" will be programmed, both "1 s" and "Os" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27C256 is in the programming mode when the Vpp 
power supply is at 13.0V and OE is at VIH. It is required that 
at least a 0.1 ,...F capacitor be placed across Vpp, Vee to 
ground to suppress spurious voltage transients which may 
damage the device. The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels required 
for the address and data inputs are TTl. 
When the address and data are stable, an active low TTL 
program pulse is applied to the CE/PGM input. A program 
pulse must be applied at each address location to be pro
grammed. Any location may be programmed at any time
either individually, sequentially, or at random. The 
NMC27C256 is designed to be programmed with interactive 
programming, where each address is programmed with a 
series of 0.5 ms pulses until it verifies (up to a maximum of 
20 pulses or 10 ms). The NMC27C256 must not be pro
grammed with a DC signal applied to the CE/PGM input. 

Programming multiple NMC27C256s in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C256s may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the CE/PG'M input programs the paralleled 
NMC27C256s. 

TABLE I Mode Selection 

Pins CE/PGM OE Vpp Vee Outputs 
Mode (20) (22) (1) (28) (11-13,15-19) 

Read VIL VIL 5V 5V Dour 

Standby VIH Don't Care 5V 5V Hi-Z 

Program VIL VIH 13.0V 6V DIN 

Program Verify VIH VIL 13.0V 6V Dour 

Program Inhibit VIH VIH 13.0V 6V Hi-Z 

Output Disable Don't Care VIH 5V 5V Hi-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27C256s in para"el with differ
ent data is also easily accomplished. Except for CE a" like 
inputs (including DE) of the para"el NMC27C256s may be 
common. A TIL low level program pulse applied to an 
NMC27C256's CE/PGM input with Vpp at 13.0V will pro
gram that NMC27C256. A TTL high level CE input inhibits 
the other NMC27C256s from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 13.0V. Vpp must be at 
Vcc, except during programming and program verify. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C256 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. 

After programming, opaque labels should be placed over 
the NMC27C256's window to prevent unintentional erasure. 
Covering the window will also prevent temporary functional 
failure due to the generation of photo currents. 

The recommended erasure procedure for the NMC27C256 
is exposure to short wave ultraviolet light which has a wave
length of 2537 Angstroms (A). The integrated dose (Le., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 

The NMC27C256 should be placed within 1 inch of the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table " 

shows the minimum NMC27C256 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure wi" cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPRDMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vec transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 p,F ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 p,F bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Minimum NMC27C256 Erasure Time 

Light Intensity Erasure Time 
(Micro-Watts/cm2) (Minutes) 

15,000 20 

10,000 25 

5,000 50 
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~National 
a Semiconductor 

PRELIMINARY 

NMC27C256B High Speed Version 
262, 144-Bit (32k x 8) UV Erasable CMOS PROM 

General Description 
The NMC27C2568/87C2568 is a high-speed 256k UV eras
able and electrically reprogrammable CMOS EPROM, ideal
ly suited for applications where fast turnaround, pattern ex
perimentation and low power consumption are important re
quirements. 

The NMC27C2568/87C2568 is designed to operate with a 
single + 5V power supply with ± 10% tolerance. The CMOS 
design allows the part to operate over Extended and Military 
temperature ranges. 

The NMC27C2568/87C2568 is packaged in a 28-pin dual
in-line package with transparent lid. The transparent lid al
lows the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written electrically 
into the device by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down to 

120 ns 

• Low CMOS power consumption 
- Active power: 110 mW max 
- Standby power: 0.55 mW max 

• Optimal EPROM for total CMOS systems 
• Performance compatible to NSC800™ CMOS micro

processor 

• Single 5V power supply 
• Extended temperature range (NMC27C25680E), 

- 40°C to + 85°C, and military temperature range 
(NMC27C25680M), -55°C to + 125°C, available 

• Pin compatible with NMOS 256k EPROMs 
• Fast and reliable programming (100 P.s for most bytes) 
• Static operation for NMC27C2568-no clocks required 

• TIL, CMOS compatible inputs/outputs 
• TRI-STATE@ output 
• Manufacturer's identification code for automatic pro

gramming control 

• High current CMOS level output drivers 

DATA OUTPUTS De-It} 
vcc:<>-+ 
GNO~ 

AD-A1. 
ADDRESS 

INPUTS 

OUTPUT 
IUFFERS 

Y GATlIIG 

212.144·IIT 
CELL MATRIX 
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Pin Names 

AO-A14 Addresses 

CE Chip Enable 

OE Output Enable 

00-0 7 Outputs 

PGM Program 

NC No Connect 



Connection Diagram 

27C512 27C128 27C64 27C32 27C16 NMC27C256BQ 27C16 27C32 27C64 
27512 27128 2764 2732 2716 Dual-In-Llne Package 2716 2732 2764 

A15 Vpp Vpp V,,-I 2'-Vet Vcc 
A12 A12 A12 .,2- Z Z7~A14 PGM 
A7 A7 A7 A7 A7 A7- 3 21~A13 Vcc Vce NC 
A6 A6 A6 A6 A6 AI-4 25 ~AI AS AS AS 
A5 A5 A5 A5 A5 A5- 5 24-A. A9 A9 A9 
A4 A4 A4 A4 A4 AI-I 23 -All Vpp A11 A11 
A3 A3 A3 A3 A3 113-7 22 -01 DE DE/Vpp DE 
A2 A2 A2 A2 A2 AI-I 21-AIO A10 A10 A10 
A1 A1 A1 A1 A1 AI- I 2I~a CE/PGM CE CE 
AO AO AO AO AO AO- 10 II~O, 07 07 07 

00 00 00 00 00 0.- 11 11 r-o. 06 06 06 

01 01 01 01 01 0,- 12 17 r-Dt 05 05 05 

02 02 02 02 02 112- 13 II t-o. 04 04 04 

GND GND GND GND GND GND- 14 15 r-Ol 03 03 03 

TL/D/9125-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C256B pins. 

Order Number NMC27C256BQ 
See NS Package Number J28AQ 

Commercial Temp Range (O°C to + 70°C) 
VCC = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C2568C120 120 

NMC27C2568C150 150 

NMC27C2568C200 200 

NMC27C2568C250 250 

Extended Temp Range ( - 40°C to + 85°C) 
Vce = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C2568CE120 120 

NMC27C2568CE150 150 

NMC27C2568CE200 200 

Military Temp Range (- 55°C to + 125°C) 
VCC = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C2568CM 150 150 

NMC27C2568CM200 200 
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COMMERCIAL TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, Vpp Supply Voltage and A9 
contact the National Semiconductor Sales Office I with Respect to Ground + 14.0V to -0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias -10·Cto +80·C Lead Temperature (Soldering, 10 sec.) 300·C 
Storage Temperature - 65·C to + 150·C ESD Rating 
Vee Supply Voltages with (Mil Spec 883C, Method 3015.2) 2000V 

Respect to Ground + 7.0V to -0.6V 

All Input Voltages except A9 with Operating COl1ditions (No~e 6) 
Respect to Ground (Note 10) +6.5Vto -0.6V Vee Power Supply 5V ±10% 

All Output Voltages with Temperature Range O·Cto +70·C 
Respect to Ground (Note 10) Vee + 1.0V to GND-0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 1.0 IlA 

ILO Output Leakage Current Your = Vee or GND, CE = VIH 1.0 IlA 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
15 30 mA 

(Note 9) TIL Inputs All Inputs = VIH or VIL, I/O = 0 mA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 mA 

(Note 9) CMOS Inputs All Inputs = Vee or GND, I/O = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TIL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 100 IlA 

CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 IlA 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -2.5mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 IlA 0.1 V 

VOH2 Output High Voltage IOH = -10 IlA Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C256B 

Symbol Parameter Conditions Q120 Q150 Q200 Q250 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 120 150 200 250 ns 

teE CE to Output Delay OE = VIL 120 150 200 250 ns 

tOE OE to Output Delay CE = VIL 50 60 75 100 ns 

tOF OE High to Output Float CE = VIL 0 40 0 50 0 55 60 ns 

teF CE High to Output Float OE = VIL 0 40 0 50 0 55 0 60 ns 

toH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever 0 0 0 0 ns 
Occurred First 
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MILITARY AND EXTENDED TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Vpp Supply Voltage and A9 
contact the National Semiconductor Sales Office/ with Respect to Ground + 14.0V to - 0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias Operating Temp. Range Lead Temperature (Soldering, 10 sec.) 300·C 
Storage Temperature - 65·C to + 150·C ESD Rating 
Vee Supply Voltages with (Mil Spec 883C, Method 3015.2) 2000V 

Respect to Ground + 7.0V to -0.6V 

All Input Voltages except A9 with Operating Conditions (Note6) 
Respect to Ground (Note 10) +6.5Vto -0.6V Vec Power Supply 5V ±10% 

All Output Voltages with Temperature Range 
Respect to Ground (Note 10) Vec+ 1.0V to GND-0.6V NMC27C256BOE120 - 40·C to + 85·C 

NMC27C256BOM150 - 55·C to + 125·C 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vce or GND 10 IJ.A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 10 IJ.A 

lec1 Vec Current (Active) CE = VIL, f = 5 MHz 
15 30 rnA 

(Note 9) TTL Inputs All Inputs = VIH or VIL, I/O = 0 rnA 

lec2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 rnA 

(Note 9) CMOS Inputs All Inputs = Vcc or GND, I/O = 0 rnA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 rnA 

TTL Inputs 

ICCSB2 Vee Current (Standby) CE = Vcc 
0.5 100 IJ.A CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 IJ.A 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 rnA 0.40 V 

VOH1 Output High Voltage IOH = -1.6mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 IJ.A 0.1 V 

VOH2 Output High Voltage IOH = -10 IJ.A Vec - 0.1 V 

AC Electrical Characteristics 
NMC27C256B 

Symbol Parameter Conditions QE120 
QE150, QE200, 

Units 
QM150 QM200 

Min Max Min Max Min Max 

tACC Address to Output Delay CE = OE = VIL 120 150 200 ns 

teE CE to Output Delay OE = VIL 120 150 200 ns 

tOE OE to Output Delay CE = VIL 50 60 75 ns 

tOF OE High to Output Float CE = VIL 0 40 0 50 0 55 ns 

teF CE High to Output Float OE = VIL 0 40 0 50 0 55 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever 0 0 0 ns 
Occurred First 
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Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

Conditions Typ 

VIN = OV 6 

VOUT = OV 9 

1 TTL Gate and 
CL = 100 pF (Note 8) 

:5:5 ns 

0.45V to 2.4V 

AC Waveforms (Notes 6, 7&9) 

Max Units 

12 pF 

12 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

ADDRESSES ADDRESSES VALID 

CE 2.0V 
O.BV 

6E 2.0V 
O.BV 

OUTPUT ~2.~OV~-+_H'_I-_Z --+i~~~-H I VALID OUTPUT O.BV '\"J,,~~~~ _________ "'. ____ -+-_""""'IJ.."-'I 
~ ___ tACC ___ ~ 

(NOTE 3) 

0.8Vand 2V 
0.8Vand 2V 

Hi-Z 

TL/D/9125-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: OE may be delayed up to tACC - toE after the falling edge of CE without impacting tAce. 

Note 4: The tOF and tcF compare level is determined as follows: 
High to TRI-STATE, the measured VOHI (DC) - 0.10V; 
Low to TRI-STATE. the measured VOLl (DC) + 0.10V. 

Note 5: TRI-STATE may be attained using DE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 /LF ceramic capacitor be used on 
every device between Vce and GND. 

Note 7: The outputs must be restricted to Vcc + 1.0V to avoid latch-up and device damage. 

Note 8: 1 TTL Gate: IOL = 1.6 mA, IOH = -400/LA. 
CL: 100 pF includes fixture capacitance. 

Note 9: Vpp may be connected to Vcc except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 
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Programming Characteristics (Notes 1, 2, 3 &4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 1 jJ.s 

tOES OE Setup Time 1 jJ.s 

tos Data Setup Time 1 jJ.s 

tvps Vpp Setup Time 1 jJ.s 

tves Vee Setup Time 1 jJ.s 

tAH Address Hold Time 0 jJ.s 

tOH Data Hold Time 1 jJ.s 

tOF Output Enable to Output Float Delay 0 60 ns 

tpw Program Pulse Width 95 100 105 jJ.s 

tOE Data Valid from OE OE = VIL 100 ns 

Ipp Vpp Supply Current During CE = VIL 
30 rnA 

Programming Pulse OE = VIH 

lee Vee Supply Current 10 mA 

TA Temperature Ambient 20 25 30 ·C 

Vee Power Supply Voltage 6.0 6.25 6.5 V 

Vpp Programming Supply Voltage 12.5 12.75 13.0 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Programming Waveforms 
PROGRAM pe~~I~M_ 

rt 

ADDRESSES D C ADDRESS N 
rr 
" 

~ 1 tAH :-
ro 

DATA fiv--< DATA IN STABLE HI-Z .. DATA OUT YAUD -ADD N ro ADD N .. 
~ A I-- tor 

rr 

Vee 
6.0V " 

tyes 

~rr 

V ::::......J " 
pp ~ 

rr 
- 2V 
CE o.sv 

tpw 

--
toEs1 ~tOE-

OE 2V 

"' I o.sv rr 

TL/D/912S-S 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 ",F capacitor is required across Vpp, Vee to GNO to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings. The Min and Max Limit 
Parameters are Design parameters, not Tested or guaranteed. 
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INCREMENT ADDR 

FIGURE 1 
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Interactive Programming Flow Chart (Note 4) 

INCREt.4ENT ADDR 

FIGURE 2 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C2568 are listed 
in Table I. It should be noted that all inputs for the six modes 
are at TTL levels. The power supplies required are Vcc and 
Vpp. The Vpp power supply must be at 12.75V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vcc power supply must be at 6.25V dur
ing the three programming modes, and at 5V in the other 
three modes. 

Read Mode 

The NMC27C2568 has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tACe) is equal to the delay 
from CE to output (tCE). Data is available at the outputs tOE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tACC - tOE. 

The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C2568 has a standby mode which reduces the 
active power dissipation by over 99%, from 110 mW to 
0.55 mW. The NMC27C2568 is placed in the standby mode 
by applying a CMOS high Signal to the CE input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR-Tying 

Because NMC27C2568s are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 20) be decoded and used as the pri
mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C2568. 

Initially, and after each erasure, all bits of the NMC27C2568 
are in the "1" state. Data is introduced by selectively pro
gramming "Os" into the desired bit locations. Although only 
"Os" will be programmed, both "1 s" and "Os" can be pres
ent in the data word. The only way to change a "0" to a "1" 
is by ultraviolet light erasure. 

The NMC27C2568 is in the programming mode when the 
Vpp power supply is at 12.75V and OE is at VIH. It is re
quired that at least a 0.1 ,...F capacitor be placed across 
Vpp, Vcc to ground to suppress spurious voltage transients 
which may damage the device. The data to be programmed 
is applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 

When the address and data are stable, an active low, TTL 
program pulse is applied to the CE input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C2568 is programmed with the Fast 
Programming Algorithm shown in Figure 1. Each Address is 
programmed with a series of 100 ,...S pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cells will 
program with a single 100 ,...S pulse. The NMC27C2568 
must not be programmed with a DC signal applied to the CE 
input. 
Note: Some programmer manufactures due to equipment limitation may of· 

ler interactive program Algorithm (shown in Figure 2). 

TABLE I. Mode Selection 

Pins CE (ALE)· OE Vp Vee Outputs 
Mode (20) (22) (1) (28) (11-13,15-19) 

Read VIL VIL 5V 5V DOUT 

Standby VIH Don't Care 5V 5V Hi-Z 

Output Disable Don't Care VIH 5V 5V Hi-Z 

Program VIL VIH 12.75V 6.25V DIN 

Program Verify VIH VIL 12.75V 6.25V DOUT 

Program Inhibit VIH VIH 12.75V 6.25V Hi-Z 
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Functional Description (Continued) 

Programming multiple NMC27C2568s in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C2568 may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the CE input programs the paralleled 
NMC27C2568. 

Program Inhibit 
Programming multiple NMC27C2568s in parallel with differ
ent data is also easily accomplished. Except CE, all like 
inputs (including OE) of the parallel NMC27C2568s may be 
common. A TTL low level program pulse applied to an 
NMC27C2568 CE input with Vpp at 12.75V will program that 
NMC27C2568. A TTL high level CE input inhibits the other 
NMC27C2568s from being programmed. 

Program Verify 
A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.75V. Vpp must be at 
Vee except during programming and program verify. 

Manufacturer's Identification Code 
The NMC27C2568 has a manufacturer's identification code 
to aid in programming. When the device is inserted in an 
EPROM programmer socket, the programmer reads the 
code and then automatically calls up the specific program
ming algorithm for the part. This automatic programming 
control is only possible with programmers which have the 
capability of reading the code. 

The Manufacturer's Identification code, shown in Table II, 
specifically identifies the manufacturer and the device type. 
The code for NMC27C2568 is "SF04", where "SF" desig
nates that it is made by National Semiconductor, and "04" 
designates a 256k part. 

The code is accessed by applying 12.0V ± 0.5V to address 
pin A9. Addresses A1-AS, A10-A14, and all control pins 
are held at VIL. Address pin AO is held at VIL for the manu
facturer's code, and held at VIH for the device code. The 
code is read on the eight data pins, 00-07' Proper code 
access is only guaranteed at 25°C ± 5°C. 

ERASURE CHARACTERISTICS 
The erasure characteristics of the NMC27C2568 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 

(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. After programming, opaque labels should be placed 
over the NMC27C2568 window to prevent unintentional 
erasure. Covering the window will also prevent temporary 
functional failure due to the generation of photo currents. 

The recommended erasure procedure for the 
NMC27C2568 is exposure to short wave ultraviolet light 
which has a wavelength of 2537 Angstroms (A). The inte
grated dose (Le., UV intensity x exposure time) for erasure 
should be a minimum of 15W-sec/cm2. 

The NMC27C2568 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C2568 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed, or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 
The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vee transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 J.LF ceramic 
capacitor be used on every device between Vee and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 J.LF bulk electrolytic 
capacitor should be used between Vee and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins 

Manufacturer Code 

Device Code 

AO 
(21) 

VIL 

VIH o 

06 
(18) 

o 
o 

05 
(17) 

o 

o 
o 
o o 

TABLE III. Minimum NMC27C256B Erasure Time 

Light Intensity 
(Mlcro-Watts/cm2) 

15,000 

10,000 

5,000 
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Erasure Time 
(Minutes) 

20 

25 

50 

o 

00 
(11) 

o 

Hex 
Data 

SF 

04 

Z 
:!: 
o 
I\) ..... 
o 
I\) 
U1 
en m 



z 
m 
~ ~National 
~ D Semiconductor 

PRELIMINARY 
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~ NMC27C256BN 

High Speed Version 262, 144-Bit (32k x 8) 
One-Time Programmable CMOS PROM 

General Description 
The NMC27C256BN is a high-speed 256k one-time pro
grammable CMOS PROM, ideally suited for applications 
where fast turnaround and low power consumption are im
portant requirements. 

The NMC27C256BN is designed to operate with a single 
+ 5V power supply with ± 10% tolerance. 

The NMC27C256BN is packaged in a 28-pin dual-in-line 
plastic molded package without a transparent lid. This part 
is ideally suited for high volume production applications 
where cost is an important factor and programming only 
needs to be done once. Also the plastic molded package 
works well in auto insertion equipment used in automated 
assembly lines. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down to 

120 ns 

• Low CMOS power consumption 
- Active power: 110 mW max 
- Standby power: 0.55 mW max 

• Performance compatible to NSC800TM CMOS micro-
processor 

• Single 5V power supply 
• Pin compatible with NMOS 256k EPROMs 
• Fast and reliable programming (100 I-Ls for most bytes) 
• Static operation for NMC27C256B-no clocks required 
• TIL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Optimum EPROM for total CMOS systems 
• Manufacturer's identification code for automatic pro

gramming control 
• High current CMOS level output drivers 

om OUTPUTS 00-07 
Vcco-+ 
GNOO--+ 

AG-A14 
ADDRESS 

INPUTS 

OUTPUT 
IUFFERS 

Y GATING 

2&2,144·IIT 
CELL MATRIX 
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Pin Names 

AO-A14 Addresses 

CE Chip Enable 

OE Output Enable 

00-0 7 Outputs 

PGM Program 

NC No Connect 



Connection Diagram 

27C512 27C128 27C64 27C32 27C16 NMC27C256BN 27C16 27C32 27C64 
27512 27128 2764 2732 2716 Dual-In-Line Package 2716 2732 2764 

A15 Vpp Vpp V,,_1 21~Vcc Vee 
A12 A12 A12 A12- 2 27~A14 PGM 
A7 A7 A7 A7 A7 Al- 3 21-A13 Vee Vee NC 
A6 A6 A6 A6 A6 AI- 4 2~ -AI AS AS AS 
A5 A5 A5 A5 A5 A~- ~ 24_AI A9 A9 A9 
A4 A4 A4 A4 A4 A4- I 23~All Vpp A11 A11 
A3 A3 A3 A3 A3 AJ-l 2Z~M OE OElVpp OE 
A2 A2 A2 A2 A2 AI-I 21~Al0 A10 A10 A10 
A1 A1 A1 A1 A1 Al- I 20~U CE/PGM CE CE 
AO AO AO AO AO AO- 10 11~0, 07 07 07 
00 00 00 00 00 00- 11 1'~01 06 06 Os 
01 01 01 01 01 0,- 12 17~0, Os Os Os 
02 02 02 02 02 02- 13 11~0. 04 04 04 

GND GND GND GND GND GNO- 1. 1!~03 03 03 03 

TL/D/9691-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C25SBN pins. 

Order Number NMC27C256BN 
See NS Package Number N28B 

Commercial Temp Range WC to + 70°C) Vee = 5V ± 10% 

Parameter/Order Number Access Time (ns) 

NMC27C256BN120 120 

NMC27C256BN150 150 

NMC27C256BN200 200 

NMC27C256BN250 250 

Note: For non-commercial temperature range parts, call factory. 
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27C128 
27128 

Vee 
PGM 
A13 
AS 
A9 

A11 
OE 
A10 
CE 

07 
06 
Os 
04 
03 

27C512 
27512 

Vee 
A14 
A13 
AS 
A9 

A11 
OElVpp 

A10 
CE 

07 
06 
Os 
04 
03 

z 
:!: 
o 
N ..... 
o 
N 
CJ1 
en 
to 
Z 

III 



z m 
CD 
Il) 

'" o ...... 
'" o 
:E z 

Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Power Dissipation 1.0W 
contact the National Semiconductor Sales Office/ Vee Supply Voltage 
Distributors for availability and specifications. with Respect to Ground +7.0Vto -0.6V 
Temperature Under Bias -10°Cto +80°C Lead Temperature (Soldering, 10 sec.) 300°C 
Storage Temperature -65°C to + 150°C ESD Rating 
All Input Voltages except A9 with (Mil Spec 883C, Method 3015.2) 2000V 

Respect to Ground (Note 10) + 6.5V to - 0.6V 

All Output Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) Vee+ 1.0Vto GND-0.6V Temperature Range O°C to + 70°C 

Vpp Supply Voltage and A9 with Vee Power Supply 5V ±10% 
Respect to Ground + 14.0V to -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 1 p,A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 1 p,A 

Ice1 Vee Current (Active) CE = VIL, f = 5 MHz 
15 30 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL, I/O = 0 mA 

Ice2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND, I/O = 0 mA 

IcesB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

IcesB2 Vee Current (Standby) CE = Vee 
0.5 100 p,A 

CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 p,A 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -2.5mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 p,A 0.1 V 

VOH2 Output High Voltage IOH = -10 p,A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C256BN 

Symbol Parameter Conditions 120 150 200 250 Units 

Min Max Min Max Min Max Min Max 

tAce Address to Output Delay CE = OE = VIL 120 150 200 250 ns 

teE CE to Output Delay OE = VIL 120 150 200 250 ns 

tOE OE to Output Delay CE = VIL 50 60 75 100 ns 

tOF OE High to Output Float CE = VIL 0 40 0 50 0 55 0 60 ns 

teF CE High to Output Float OE = VIL 0 40 0 50 0 55 0 60 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever 0 0 0 0 ns 
Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol Parameter Conditions Typ 

Input Capacitance VIN = OV 5 

COUT Output Capacitance VOUT = OV 8 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

1 TTL Gate and 
CL = 100 pF (Note 8) 

::;:5 ns 

0.45V to 2.4V 

AC Waveforms (Notes 6, 7 & 9) 

-. 

Max Units 

10 pF 

10 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

" 
" ADDRESSES ~.g~ ) ADDRESSES VALID 
" 

) 
~ , 

- 2.0V '\. ) CE O.BY " 

!--tCE -
-n f--tcr-

(NOTES 4,5) 

OE 2.0V 't ) O.BY " 
tOE " tor I+- -. I-

(NOTE 3) 
" 

(NOTES 4. 5) 
2.0V Hi-Z " Hi-Z 

OUTPUT VALID OUTPUT .- 10"" O.BV 
tACC " -. toHl: I-- (NOTE 3) -

0.8Vand 2V 
0.8Vand 2V 

TLlD/9691-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: DE may be delayed up to tACC - toE after the falling edge of CE without impacting tACC' 

Note 4: The tDF and tCF compare level is determined as follows: 
High to TRI-STATE. the measured VOHI (DC) - 0.10V; 
Low to TRI-STATE. the measured Vall (DC) + 0.10V. 

Note 5: TRI-STATE may be attained using DE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 /-tF ceramic capacitor be used on 
every device between VCC and GND. 

Note 7: The outputs must be restricted to VCC + 1.0V to avoid latch-up and device damage. 

Note 8: 1 TTL Gate: 10L = 1.6 mA, IOH = -400 /-tA. 
CL: 100 pF includes fixture capacitance. 

Note 9: Vpp may be connected to VCC except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 
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Programming Characteristics (Notes 1,2,3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 1 Ils 

tOES OE Setup Time 1 Ils 

tos Data Setup Time 1 Ils 

tvps Vpp Setup Time 1 Ils 

tves Vee Setup Time 1 Ils 

tAH Address Hold Time 0 Ils 

tOH Data Hold Time 1 Ils 

tOF Output Enable to Output Float Delay 0 60 ns 

tpw Program Pulse Width 95 100 105 Ils 

tOE Data Valid from OE OE = VIL 100 ns 

Ipp Vpp Supply Current During CE = VIL 30 mA Programming Pulse OE = VIH 

Icc Vee Supply Current 10 mA 

TA Temperature Ambient 20 25 30 °C 

Vee Power Supply Voltage 6.0 6.25 6.5 V 

Vpp Programming Supply Voltage 12.5 12.75 13.0 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 ns 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 ns 

Programming Waveforms 

PROGRAt.l P~~~I~t.l_ 

ADDRESSES D ADDRESS N K: 
rI 1 tAH I-

DATA~ DATA IN STABl[ HI-Z JJ DATA OUT VALID 
~ ADO N ., ADD N 

~ ~ :--tOf 

" 
Vee 

S.OV 

tves 

V ~ 
JJ 

pp ~ 

cr 2V 
O.SV 

t 
f-torsj -tor-

CE 2V 

"' I O.SV 

TL/D/9691-4 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 )J.F capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings. The Min and Max Limit 
Parameters are Design parameters, not Tested or guaranteed. 
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Fast Programming Algorithm Flow Chart (Note 4) 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C256BN are listed 
in Table I. It should be noted that all inputs for the six modes 
are at TIL levels. The power supplies required are Vee and 
Vpp. The Vpp power supply must be at 12.75V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vee power supply must be at 6.25V dur
ing the three programming modes, and at 5V in the other 
three modes. 

Read Mode 

The NMC27C256BN has two control functions, both of 
which must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and should 
be used for device selection. Output Enable (OE) is the out
put control and should be used to gate data to the output 
pins, independent of device selection. Assuming that ad
dresses are stable, address access time (tAee) is equal to 
the delay from CE to output (teE)' Data is available at the 
outputs tOE after the falling edge of OE, assuming that CE 
has been low and addresses have been stable for at least 
tAee - tOE, 

The sense amps are clocked for fast access time. Vee 
should therefore be maintained at operating voltage during 
read and verify. If Vee temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C256BN has a standby mode which reduces 
the active power dissipation by over 99%, from 110 mW to 
0.55 mW. The NMC27C256BN is placed in the standby 
mode by applying a CMOS high signal to the CE input. 
When in standby mode, the outputs are in a high impedance 
state, independent of the OE input. 

Output OR-Tying 

Because NMC27C256BN are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power diSSipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 20) be decoded and used as the pri
mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C256BN. 

Initially, and after each erasure, all bits of the 
NMC27C256BN are in the "1" state. Data is introduced by 
selectively programming "Os" into the desired bit locations. 
Although only "Os" will be programmed, both "1s" and "Os" 
can be presented in the data word. The only way to change 
a "0" to a "1" is by ultraviolet light erasure. 

The NMC27C256BN is in the programming mode when the 
Vpp power supply is at 12.75V and OE is at VIH. It is re
quired that at least a 0.1 JLF capacitor be placed across 
Vpp, Vee to ground to suppress spurious voltage transients 
which may damage the device. The data to be programmed 
is applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TIL. 

When the address and data are stable, an active low TIL 
program pulse is applied to the CE input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C256BN is programmed with the 
Fast Programming Algorithm shown in Figure 1. Each Ad
dress is programmed with a series of 100 JLs pulses until it 
verifies good, up to a maximum of 25 pulses. Most memory 
cells will program with a single 100 JLs pulse. The 
NMC27C256BN must not be programmed with a DC signal 
applied to the CE input. 
Note: Some program manufacturers due to equipment limitation may offer 

interactive program Algorithm (shown in Figure 2). 

Programming multiple NMC27C256BNs in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C256BNs may be connected together when 
they are programmed with the same data. A low level 

TABLE I. Mode Selection 

Pins CE OE Vp Vee Outputs 
Mode (20) (22) (1) (28) (11-13,15-19) 

Read VIL VIL 5V 5V Dour 

Standby VIH Don't Care 5V 5V Hi-Z 

Output Disable Don't Care VIH 5V 5V Hi-Z 

Program VIL VIH 12.75V 6.25V DIN 

Program Verify VIH VIL 12.75V 6.25V Dour 

Program Inhibit VIH VIH 12.75V 6.25V Hi-Z 
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~ Functional Description (Continued) 

~ TTL pulse applied to the CE input programs the paralleled 
1'0 NMC27C256BNs. 

~ The NMC27C256BN is packaged in a plastic molded pack-
~ age which does not have a transparent lid. Therefore the 
Z memory cannot be erased. This means that after a user has 

programmed a memory cell to a "0" it cannot be changed 
back to a "1". 

If an application requires erasing and reprogramming, the 
NMC27C256BQ UV erasable PROM in a windowed pack
age should be used. 

Program Inhibit 

Programming multiple NMC27C256BNs in parallel with dif
ferent data is also easily accomplished. Except CE, all like 
inputs (including OE) of the parallel NMC27C256BNs may 
be common. A TTL low level program pulse applied to an 
NMC27C256BNs CE input with Vpp at 12.75V will program 
that NMC27C256BN. A TTL high level CE input inhibits the 
other NMC27C256BNs from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.75V. Vpp must be at 
Vcc except during programming and program verify. 

Manufacturer's Identification Code 

The NMC27C256BN has a manufacturer's identification 
code to aid in programming. When the device is inserted in 
an EPROM programmer socket, the programmer reads the 
code and then automatically calls up the specific program
ming algorithm for the part. This automatic programming 
control is only possible with programmers which have the 
capability of reading the code. 

The Manufacturer's Identification code, shown in Table II, 
specifically identifies the manufacturer and the device type. 
The code for NMC27C256BN is "8F04", where "8F" desig
nates that it is made by National Semiconductor, and "04" 
designates a 256k part. 

The code is accessed by applying 12.0V ± 0.5V to address 
pin A9. Addresses A 1-A8, A 1 O-A 14, and all control pins 
are held at VIL. Address pin AO is held at VIL for the manu
facturer's code, and held at VIH for the device code. The 
code is read on the eight data pins, 00-07. Proper code 
access is only guaranteed at 25°C ± 5°C. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 /-LF ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 /-LF bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins 

Manufacturer Code 

Device Code 

Ao 
(21) 

o 

Os 
(18) 

o 
o 

Os 
(17) 

o 
o 
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~National 
~ Semiconductor 

PRELIMINARY 

NMC27C256C 262, 144-Bit (32k x 8) 
UV Erasable CMOS PROM (Very High Speed Version) 

General Description 
The NMC27C256C is a high-speed 256k, UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C256C is designed to operate with a single 
+ 5V power supply with 10% tolerance. 

The NMC27C256C is packaged in a 28-pin dual-in-line 
package with transparent lid. The transparent lid allows the 
user to expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written electrically into 
the device by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. A two transistor 
memory cell is used for speed enhancement. 

Block Diagram 

Features 
• Clocked sense amps and two transistor memory cell for 

fast access time down to 55 ns 
• Low CMOS power consumption 

- Active power: 275 mW max 
- Standby power: 5.5 mW max 

• Performance compatible to current high speed micro
processors 

• Pin compatible with standard CMOS and NMOS 
EPROMS 

• Single 5V power supply 
• Fast and reliable programming (100 /-Ls for most bytes) 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Manufacturer's identification code for automatic pro

gramming control 
• High current CMOS level output drivers 

Vee 0--+ 
GND 0--+ 

Vpp 0--+ 
DATA OUTPUTS 00 - 07 

AO-AI4 
ADDRESS 

INPUTS 

OUTPUT ENABLE 
AND CHIP 

ENABLE LOGIC 

Y 
DECODER 

X 
DECODER 

• 
• 
• 
• 
• 

OUTPUT 
BUFFERS 

Y GATING 

262,144 - BIT 
CELL MATRIX 

1-133 

Pin Names 

Pin Name Description 
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OE Output Enable 

00-07 Outputs 

TLID/9692-1 

z 
s:: 
o 
N 
""-l o 
N 
0'1 
0') 

o 

II 



o 
CD 
II) 
N o r-
N 
o 
:!: 
z 

Connection Diagram 

27C512 27C128 27C64 27C32 27C16 NMC27C256CQ 27C16 27C32 27C64 

27512 27128 2764 2732 2716 Dual-In-Line Package 2716 2732 2764 

A15 Vpp Vpp Vpp - 1 28 I-- Vee Vee 

A12 A12 A12 A12 - 2 27 I-- A14 PGM 

A7 A7 A7 A7 A7 A7 - 3 26 - A13 Vee Vee NC 

A6 A6 A6 A6 A6 A6- 4 25 - A8 A8 A8 A8 

A5 A5 A5 A5 A5 AS- 5 24 - A9 A9 A9 A9 

A4 A4 A4 A4 A4 A4- 6 23 -All Vpp A11 A11 

A3 A3 A3 A3 A3 A3- 7 22 -m OE OElVpp OE 

A2 A2 A2 A2 A2 A2-8 21 ~Al0 A1D A1D A1D 

A1 A1 A1 A1 A1 Al- g' 20 p..- Cl CE/PGM CE CE 

AD AD AD AD AD AO- 10 19 p..-07 07 07 07 

00 00 00 00 00 00- 11 18 t-- 0, 06 06 06 

01 01 01 01 01 01- 12 17 -05 Os Os Os 

02 02 02 02 02 02- 13 16 -04 04 04 04 

GND GND GND GND GND GND- 1. 15 t-- 03 03 03 03 

TLlD/9692-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C256CQ pins, 

Order Number NMC27C256CQ 
See NS Package Number J28AQ 

Commercial Temp Range WC to 70°C) Vee = 5V ± 10% 

Parameterl Access 
Order Number Time (ns) 

NMC27C256CQ55 55 

NMC27C256CQ7D 7D 

N MC27C256CQ90 90 
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27C128 27C512 

27128 27512 

Vee Vee 

PGM A14 

A13 A13 

A8 A8 

A9 A9 

A11 A11 

OE OElVpp 

A1D A1D 

CE CE 

07 07 

06 06 

Os Os 

04 04 

03 03 



COMMERCIAL TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

If MilitarylAerospace specified devices are required, ESD Rating 
contact the National Semiconductor Sales Offlcel (Mil Spec 883C, Method 3015.2) 2000V 
Distributors for availability and specifications. Vpp Supply Voltage and A9 with Respect 
Temperature Under Bias -1 O·C to + 80·C to Ground During Programming + 14.0V to - 0.6V 

Storage Temperature - 65·C to + 150·C Power Dissipation 1.0W 

All Input Voltages except A9 with Lead Temperature (Soldering, 10 sec.) 300·C 
Respect to Ground (Note 10) +6.5V to -0.6V 

All Output Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) Vee + 1.0V to GND-0.6V Temperature Range O·C to +70·C 

Vee Supply Voltage and A9 Vee Power Supply +5V ±10% 
with Respect to Ground + 7.0V to -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 0.01 1 ,..,A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 0.01 1 ,..,A 

Ipp Vpp Load Current Vpp = Vee 10 ,..,A 

lee1 Vee Current (Active) CE = VIL, f = 20 MHz 
30 70 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL, 1/0 = 0 mA 

lee2 Vee Cum" ' (Active) CE = GND, f = 20 MHz 
25 50 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND, 1/0 = 0 mA 

leeSB1 Vee Current (Standby) CE = 2AOV 
2 5 rnA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 1.0 mA 

CMOS Inputs 

VIL Input Low Voltage (Note 10) -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 16 mA 0040 V 

VOH1 Output High Voltage IOH = - 2.5 mA (Note 7) 3.5 V 

VOL2 Output Low Voltage IOL = 10,..,A 0.1 V 

VOH2 Output High Voltage IOH = -10,..,A (Note 7) Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C256C 

Symbol Parameter Conditions Q55 Q70 Q90 Units 

Min Max Min Max Min Max 

tAee Address to Output Delay CE = VIL, OE = VIL 55 70 90 ns 

teE CE to Output Delay OE = VIL 55 70 90 ns 

tOE OE to Output Delay CE = VIL 25 30 40 ns 

tOF OE High to Output Float CE = VIL 
0 25 0 30 0 40 ns 

(Note 2) 

teF CE High to Output Float OE = VIL 
0 25 0 30 0 40 ns 

(Note 2) 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever 0 0 0 ns 
Occurred First 
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Symbol Parameter Conditions Typ Max Units 

CIN Input Capacitance VIN = OV 6 12 pF 

COUT Output Capacitance VOUT = OV 9 12 pF 

AC Test Conditions 
Input Rise and Fall Times 

Input Pulse Levels 

:5:5 ns 

OVto 3.0V 
Output ~Vref=2.01V 

-L ~.R = :!.6~!l. _ 
Output Load is 97.6!1 between All Outputs and 2.01V, 

Timing Measurement Reference Level 
Inputs 
Outputs 

CL = 30 pF (Note 8) 

0.8Vand 2V 
0.8Vand 2V 

AC Waveforms (Notes 6, 7, 9) 

ADDRESSES ADDRESSES VALID 

CE VIH 
(NOTE 11) VIL 

DE VIH 
(NOTE 11) VIL 

OUTPUT 
VOH 
VOL 

VALID OUTPUT 

t--___ tAcc ---~ 
(NOTE 3) 

I C1 = 30 pF Output Loading 

TL/D/9692-3 

HI-Z 

TL/D/9692-4 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: DE may be to tACC - tOE after address change without impacting tACC' 

Note 4: The tDF and tCF compare level is determined as follows: 
High to TRI·STATE, the measured VOHl (DC) - 0.10V; 
Low to TRI-STATE, the measured VOL1 (DC) + 0.10V. 

Note 5: TRI·STATE may be attained using DE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 J.tF ceramic capacitor be used on 
every device between VCC and GND. 

Note 7: The outputs must be restricted to Vcc + 1.0V to avoid latch·up and device damage. 

Note 8: CL: 30 pF includes fixture capacitance. 

Note 9: Vpp may be connected to VCC except during programming. 

Note 10: Inputs and outputs can undershoot -2.0V for a maximum of 20 ns. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions 

tAS Address Setup Time 

tOES OE Setup Time 

tos Data Setup Time 

tvps Vpp Setup Time 

tves Vee Setup Time 

tAH Address Hold Time 

tOH Data Hold Time 

tOF Output Enable to Output Float Delay (Notes 5, 6) 

tpw Program Pulse Width 

Ipp Vpp Supply Current During CE = VIL 
Programming Pulse OE = VIH 

lee Vee Supply Current 

TA Temperature Ambient 

Vee Power Supply Voltage 

Vpp Programming Supply Voltage 

tFR Input Rise, Fall Time 

VIL Input Low Voltage 

VIH Input High Voltage 

tiN Input Timing Reference Voltage 

tOUT Output Timing Reference Voltage 

tVM1 Data Valid from OE Vpp = Vpp 
(Verify Mode 1) CE = VIH 

tVM2 Data Valid from CE Vpp = Vpp 
(Verify Mode 2) OE = VIL 
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1 
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1 

0 

95 100 

20 25 

6.0 6.25 

12.5 12.75 

5 

0.0 

2.4 4.0 

0.8 1.5 

0.8 1.5 

Max 

60 

105 

60 

60 

30 

6.5 

13.0 

0.45 

2.0 

2.0 

0.1 

0.1 

Units 

fLs 

fLs 

fLs 

fLs 

fLs 

fLs 

fLs 

ns 

fLs 

mA 
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Programming Waveforms (Note 4) 

PROGRAM INHIBIT 

ADDRESSES 

DATA 

Vpp 

Vee 

VERIFY 
(MODE 1) 

VERIFY 
(MODE 2) 

Note 1: National's standard product warranty applies only to devices programmed to the specifications described herein. 

TL/D/9692-5 

Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NSC27C256CQ must not be inserted into or removed 
from a board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent overshoot exceeding this 14V maximum specification. At least a 0.1 /LF capacitor is required across Vpp, Vee to GND to suppress spurious 
voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the Fast Programming Algorithm at typical power supply voltages and timings. The Min and Max limit 
parameters are design parameters, not tested or guaranteed. 
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Fast Programming Algorithm Flow Chart 
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FIGURE 1 
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Functional Description 
DEVICE OPERATION 

The modes of operation of the NMC27C256C are listed in 
Table I. It should be noted that all inputs for the modes may 
be at TTL levels. The power supplies required are Vpp and 
Vee. The Vee power supply must be at 6.25V during the 
programming modes and at 5V in the other modes. The Vpp 
pin must be at 12.75V in the programming and verify mode, 
and Vee in the read mode. 

READ MODE 

The NMC27C256C has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tAee) is equal to the delay 
from CE to output (teE). Data is available at the outputs tOE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAee-tOE. 

The sense amps are clocked for fast access time. Vee 
should therefore be maintained at operating voltage during 
read and verify. If Vee temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to ensure proper output data. 

STANDBY MODE 

The NMC27C256C has a standby mode which reduces the 
active power dissipation from 275 mW to 5.5 mW. The 
NMC27C256C is placed in the standby mode by applying a 
CMOS high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 

OUTPUT OR·TYING 

Because NMC27C256s are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a. The lowest possible memory power dissipation, and 

b. Complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (Pin 20) be decoded and used as the pri
mary device selecting function, while OE (Pin 22) be made a 
common connection to all devices in the array and connect
ed to the READ line from the system control bus. This as
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

PROGRAMMING 

CAUTION: Exceeding 14V on Pin 1 (Vpp) will damage the 
NMC27C256C. The NMC27C256C has a new memory cell 
which contributes greatly to its speed. The cell has two tran
sistors which supply data to two data lines. When pro
grammed either one or the other of the two transistors is 
programmed. When accessed the memory cell will dis
charge one of the two data lines, providing a differential 
voltage. This differential signal is then applied through pass 
devices to a true differential sense amplifier. 

Initially, all memory cells are totally unprogrammed. In an 
unprogrammed state both transistors source the same cur
rent through the data lines and thus no differential is pro
duced. Because of this, any attempt to read data in the read 
mode from an unprogrammed device will result in arbitrary 
outputs. To verify that a device is totally blank, the verify 
mode must be entered. In the verify mode each transistor of 
the memory cell is checked against a reference cell. By tog
gling CE both transistors in the cell are checked. For a total
ly unprogrammed device in the verify mode all outputs will 
be at a "1" state for CE = VIH and at a "0" state for CE = 

VIL· 
The NMC27C256C is in the program mode when Vpp is 
raised to 12.75V and OE is at VIH. It is required that at least 
a 0.1 ,...F capacitor be placed across Vpp, Vee to ground to 
suppress spurious voltage transients which may damage 
the device. The data to be programmed are applied 8 bits in 
parallel to the data output pins. The levels required for the 
address, clock, and data inputs are TTL. 

When the addresses, clocks, and data are stable, an active 
low, TTL program pulse is applied to the CE input. A pro
gram pulse must be applied to each address location that is 
to be programmed. A memory cell has been completely pro
grammed when data from both verify modes matches input 

TABLE I Mode Selection 

Pins 
CE OE 

Outputs 
Vpp Vee 

(20) (22) (1) (28) 
(11-13) 

Mode (15-19) 

Read VIL VIL 5.0V 5.0V DOUT 

Standby VIH Don't Care 5.0V 5.0V Hi-Z 

Output Disable VIL VIH 5.0 5.0 Hi-Z 

Program VIL VIH 12.75V 6.25V DIN 

Verify (Mode 1) VIH VIL 12.75V 6.25V DOUT 
VOH if Blank) 

Verify (Mode 2) VIL VIL 12.75V 6.25V DOUT 
VOL if Blank) 

Program Inhibit VIH VIH 12.75V 6.25V Hi-Z 
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Functional Description (Continued) 

data. The NMC27C256C is programmed with the fast pro
gramming algorithm shown in Figure 1. Each address is pro
grammed with a series of 100 Jis pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cells will 
program with a single 100 Jis pulse. The NMC27C256C 
must not be programmed with a DC signal applied to the CE 
input. 

Programming multiple NMC27C256C in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C256C may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the CE input (with OE high) programs the paral
leled NMC27C256Cs. 

PROGRAM INHIBIT 

Programming multiple NMC27C256Cs in parallel with differ
ent data is also easily accomplished. Except for CE all like 
inputs (including Vpp and OE) of the paralleled 
NMC27C256Cs may be in common. A TTL low level applied 
to an NMC27C256C's CE input (with the other control pins 
at the appropriate levels) will program that NMC27C256C 
while keeping the same pin high on the others inhibits pro
gramming. 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. A veri
fy done in the read mode may not ensure that the bits have 
been programmed with adequate margins for reliable opera
tion. To guarantee adequate margins the device should be 
verified in the verify mode. In this mode each transistor of 
the memory cell is checked against a reference cell. Verify 
mode is entered with Vpp at 12.75V and OE at VIL. CE is at 
VIH and the data read for verify Mode 1, and at VIL for verify 
Mode 2. The data read in both modes must be the same as 
the expected data for a completely programmed cell. 

MANUFACTURER'S IDENTIFICATION CODE 

The NMC27C256C has a manufacturer's identification code 
to aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C256C is "8304", where "83" designates 
that it is made by National Semiconductor, and "04" desig
nates it is a 256k part. 

The code is accessed by applying 12V ± 0.5V to address 
pin A9. Addresses A 1-A8, A 1 O-A 13, CE and OE are held 
at VIL. Address AO is held at VIL for the manufacturer's 
code, and at VIH for the device code. The code is read out 
on the 8 data pins. Proper code access is only guaranteed 
at 25°C ± 5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C256C are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. Opaque labels should be placed over the 
NMC27C256C's window to prevent unintentional erasure. 
Covering the window will also prevent temporary functional 
failure due to the generation of photo currents. 

The recommended erasure procedure for the 
NMC27C256C is exposure to short wave ultraviolet light 
which has a wavelength of 2537 A. The integrated dose (Le., 
UV intensity x exposure time) for erasure should be a mini
mum of 15 Wsec/cm2. 

TABLE II. Manufacturer's Identification Code 

Pins 

Manufacturer Code 

Device Code 

AO 
(10) 

07 
(19) 

o 

06 
(18) 

o 
o 

05 
(17) 

o 
o 
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04 
(16) 

o 
o 

03 
(15) 

o 
o 

02 
(13) 

o 

01 
(12) 

o 

00 
(11) 

o 

Hex 
Data 

83 

04 



o 
CD 
II) 
N o ..... 
N 
o 
:E z 

Functional Description (Continued) 

The NMC27C256C should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C256C erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled as the erasure time increases by a fac
tor of 4). Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

TABLE III. Minimum NMC27C256C Erasure Time 

Light Intensity Erasure Time 
(J-LW/cm **2) (Minutes) 

15,000 20 

10,000 25 

5,000 50 
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SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of devices. The supply current, Icc, has 
two segments that are of interest to the system designer
the active current level and the transient current peaks that 
are produced by voltage transitions on the input pins. The 
magnitude of these transient current peaks is dependent on 
the output capacitance loading of the device. The associat
ed Vee transient voltage peaks can be suppressed by prop
erly selected decoupling capacitors. It is recommended that 
at least a 0.1 J-LF ceramic capacitor be used on every device 
between Vee and GND. This should be a high frequency 
capacitor of low inherent inductance. In addition, at least a 
4.7 J-LF bulk electrolytic capacitor should be used between 
Vee and GND for each eight devices. The bulk capacitor 
should be located near where the power supply is connect
ed to the array. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive effects 
of the PC board traces. 



~National 
~ Semiconductor 

PRELIMINARY 

NMC27C512A 
524,288-Bit High Speed Version 
(64k x 8) UV Erasable CMOS PROM 

General Description 
The NMC27C512A is a high-speed 512k UV erasable and 
electrically reprogram mabie CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C512A is designed to operate with a single 
+ 5V power supply with ± 10% tolerance. The CMOS de
sign allows the part to operate over Extended and Military 
Temperature Ranges. 

The NMC27C512A is packaged in a 28-pin dual in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down to 

120 ns 
• Low CMOS power consumption 

- Active Power: 110 mW max 
- Standby Power: 0.55 mW max 

• Optimum EPROM for total CMOS system 
• Performance compatible to NSC800™ CMOS 

microprocessor 

• Single 5V power supply 
• Extended temperature range (NMC27C512AOE), 

- 40°C to 85°C, and military temperature range 
(NMC27C512AOM), -55°C to 125°C, available 

• Pin compatible with NMOS 512k EPROMS 
• Fast and reliable programming (100 ,.,.s for most bytes) 
• Static operation-no clocks required 
• TIL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Manufacturer's identification code for automatic pro

gramming control. 
• High current CMOS level output drivers 

DATA OUTPUTS 1Ie-0, 

AD-A15 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

524.288-81T 
CELL MATRIX 
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Pin Names 

AO-A15 Addresses 

CE Chip Enable 

OElVpp Output Enable/Pro-
gramming Voltage 

00-0 7 Outputs 

PGM Program 
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Connection Diagram 

27C256 27C128 27C64 27C32 27C16 NMC27C512AQ 27C16 
27256 27128 2764 2732 2716 Dual-In-Line Package 2716 

Vpp Vpp Vpp AIS-l 2a- Vee 

A12 A12 A12 A12- 2 21-A14 

A7 A7 A7 A7 A7 A1- 3 26-A13 Vee 
A6 A6 A6 A6 A6 A6- 4 25 f- AI AS 
A5 A5 A5 A5 A5 A5- 5 24 r- A9 A9 
A4 A4 A4 A4 A4 M-6 23 r-All Vpp 
A3 A3 A3 A3 A3 A3-1 22 r- lIE/v" OE 
A2 A2 A2 A2 A2 AZ-a 21 f-Al0 A10 
A1 A1 A1 A1 A1 AI-9 20 f-Cl CElVpp 
AO AO AO AO AO AO-l0 19~0, 07 

00 00 00 00 00 00- 11 18 -01 Os 
01 01 01 01 01 0,- 12 11- 05 Os 
02 02 02 02 02 02- 13 16 -D. 04 

GND GND GND GND GND GND- 14 15- 03 03 

TLfD/9181-2 

Order Part Number NMC27C512AQ 
See NS Package Number J28AQ 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C512A pins. 

Commercial Temp Range (O"C to + 70°C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C512A0120 120 

NMC27C512A0150 150 

NMC27C512A0200 200 

NMC27C512A0250 250 

Extended Temp Range (-40°C to +85°C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C512AOE120 120 

NMC27C512AOE150 150 

NMC27C512AOE200 200 

Military Temp Range (- 55°C to + 125°C) 
Vee = 5V ± 10% 

Parameter/Order Number Access Time (ns) 

NMC27C512AOM150 150 

NMC27C512AOM200 200 
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27C32 27C64 27C128 27C256 
2732 2764 27128 27256 

Vee Vee Vee 
PGM PGM A14 

Vee NC A13 A13 
AS AS AS AS 
A9 A9 A9 A9 

A11 A11 A11 A11 
OElVpp OE OE OE 

A10 A10 A10 A10 
CE CE CE CE 

07 07 07 07 

Os Os Os Os 
Os Os Os Os 
04 04 04 04 

03 03 03 03 



COMMERCIAL TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -10°C to +80°C OElVpp Supply Voltage & Ag 

Storage Temperature - 65°C to + 150°C with Respect to Ground + 14.0V to - 0.6V 

All Input Voltages except Ag & OElVpp Power Dissipation 1.0W 

with Respect to Ground (Note 9) + 6.5V to -0.6V Lead Temperature (Soldering, 10 sec.) 300°C 

Vee Supply Voltage with 
Operating Conditions (Note 6) Respect to Ground + 7.0V to -0.6V 

ESD Rating Temperature Range O°Cto + 70°C 
(Mil. Std. 883C, Method 3015.2) 2000V Vee Power Supply +5V ±10% 

All Output Voltages with 
Respect to Ground (Note 9) Vee+ 1.0V to GND-0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 0.01 1 p.A 

ILO Output Leakage Current Your = Vee or GND, CE = VIH 0.01 1 p.A 

Ipp Vpp Load Current OElVpp = Vee or GND 10 p.A 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
15 30 rnA 

TTL Inputs Inputs = VIH or VIL, 1/0 = 0 rnA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 mA 

CMOS Inputs Inputs = Vee or GND, 1/0 = 0 rnA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 100 p.A 

CMOS Inputs 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

Vou Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -2.5 mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 p.A 0.1 V 

VOH2 Output High Voltage IOH = -10 p.A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C512A 

Symbol Parameter Conditions 0120 0150 0200 0250 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 120 150 200 250 ns 

teE CE to Output Delay OE = VIL 120 150 200 250 ns 

tOE OE to Output Delay CE = VIL 50 60 75 100 ns 

tOF OE High to Output Float CE = VIL 0 40 0 50 0 55 0 60 ns 

teF CE High to Output Float OE = VIL 0 40 0 50 0 55 0 60 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever 0 0 0 0 ns 
Occurred First 
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MILITARY AND EXTENDED TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec.) 300°C 
contact the National Semiconductor Sales Offlcel Vee Supply Voltage with 
Distributors for availability and specifications. Respect to Ground +7.0Vto -0.6V 
Temperature Under Bias Operating Temp. Range ESD Rating 
Storage Temperature - 65°C to + 150°C (Mil. Std. 883C, Method 3015.2) 2000V 

All Input Voltages except A9 & OElVpp 
Operating Conditions (Note 6) with Respect to Ground (Note 9) +6.5Vto -0.6V 

All Output Voltages with Temperature Range 
Respect to Ground (Note 9) Vee+ 1.0V to GND-0.6V NMC27C256BOE120, 150, 200 - 40°C to + 85°C 

OElVpp Supply Voltage & A9 NMC27C256BOM150, 200 - 55°C to + 125°C 

with Respect to Ground + 14.0V to -0.6V Vee Power Supply +5V ±10% 

Power Dissipation 1.0W 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 JJ-A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 10 JJ-A 

ICC1 Vcc Current (Active) CE = VIL, f = 5 MHz 
15 30 mA 

TTL Inputs Inputs = VIH or VIL, I/O = 0 mA 

ICC2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 mA 

CMOS Inputs Inputs = Vec or GND, I/O = 0 mA 

ICCSB1 Vcc Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

IceSB2 Vec Current (Standby) CE = Vce 0.5 100 JJ-A CMOS Inputs 

Ipp Vpp Load Current OElVpp = Vcc or GND 10 JJ-A 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

Vou Output Low Voltage IOL = 2.1 rnA 0.4 V 

VOH1 Output High Voltage IOH = -1.6 mA 3.5 V 

VOL2 Output Low Voltage IOL=10JJ-A 0.1 V 

VOH2 Output High Voltage IOH = -10/-LA Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C512A 

Symbol Parameter Conditions QE120 QE150, QM150 QE200, QM200 Units 

Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 120 150 200 ns 

tCE CE to Output Delay OE = VIL 120 150 200 ns 

tOE OE to Output Delay CE = VIL 50 60 75 ns 

tOF OE High to Output Float CE = VIL 0 40 0 50 0 55 ns 

tCF CE High to Output Float OE = VIL 0 40 a 50 a 55 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever 0 a 0 ns 
Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol 

CINl 

COUT 

CIN2 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

AC Waveforms (Notes 6, 7) 

-

Parameter 

Input Capacitance 
except OElVpp 

Output Capacitance 

OElVpp Input 
Capacitance 

1 TIL Gate and 
CL = 100 pF (Note 8) 

:5:5 ns 

0.45V to 2.4V 

Conditions Typ Max Units 

VIN = OV 
6 12 pF 

VOUT = OV 9 12 pF 

VIN = OV 
20 25 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

.. 
ADDRESSES ~:g~ )j ADDRESSES VALID 

.- )! 
" - .. 

cr 2.0V \. j --tcr-O.BV tt 

I-- t
CE

_ 
.. 

(NOTE4,S) 

OE/Vpp 2.0V '- j O.BV " 
tOE 

.. tor ..... ..... ..... 
(NOTE 3) rr (NOTE4,S) 

2.0V HI-Z .. 'k,",","' Hi-Z 
OUTPUT VALID OUTPUT tt #OIl', O.SV 

tAcc 
.. 

-toHI .... I-- (NOTE 3) -

O.8V and 2V 
O.8V and 2V 

TLIO/91Bl-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: OJ: may be delayed up to tACC - toE after the falling edge of cr without impacting tACC. 

Note 4: The tOF and tcF compare level is determined as follows: 
High to TAI·STATE, the measured VOHl (DC) - 0.10V; 
Low to TAI·STATE, the measured VOL1 (DC) + 0.10V. 

Note 5: TAl-STATE may be attained using OE or cr. 
Note 6: The power switching characteristics of EPA OMs require careful device decoupling. It is recommended that at least a 0.1 /IF ceramic capacitor be used on 
every device between Vcc and GND. 

Note 7: The outputs must be restricted to Vee + 1.0V to avoid latch-up and device damage. 

Note 8: 1 TIL Gate: IOL = 1.6 mA, IOH = - 400 /lA. 
CL: 100 pF includes fixture capacitance. 

Note 9: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 
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Programming Characteristics (Notes 1, 2, 3 and 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 1 I-'-s 

tOES OE Setup Time 1 I-'-s 

tos Data Setup Time 1 ,....s 

tves Vee Setup Time 1 I-'-s 

tAH Address Hold Time 0 I-'-s 

tOH Data Hold Time 1 I-'-s 

tcf Chip Enable to Output Float Delay OE = VIL 0 60 ns 

tpw Program Pulse Width 95 100 105 I-'-s 

tOEH OE Hold Time 1 I-'-s 

tov Data Valid from CE OE = VIL 250 ns 

tpRT OE Pulse Rise Time 
50 

During Programming 
ns 

tVR Vpp Recovery Time 1 I-'-s 

Ipp Vpp Supply Current During CE = VIL 
30 mA 

Programming Pulse OE = Vpp 

lee Vee Supply Current 10 mA 

TR Temperature Ambient 20 25 30 ·C 

Vee Power Supply Voltage 6 6.25 6.5 V 

Vpp Programming Supply Voltage 12.5 12.75 13 V 

TFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0 0.45 V 

VIH Input High Voltage 2.4 4 V 

tiN Input Timing Reference Voltage 0.8 1.5 2 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2 V 

Note 1: National's standard product warranty applies to devices programmed to specifications described herein. 
Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least 0.1 /LF capacitor is required across Vee to GND to suppress spurious 
voltage transients which may damage the device. 
Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings. The Min and Max limit 
parameters are design parameters, not tested or guaranteed. 

Programming Waveforms 

PROGRAM 
PROGRAIot __ 

VERIFY" 

ADDRESSES ]L) ADDRESS N K= O.SV " , 
~ 

DATA 
2V DATA IN STAIIlE 11. HI-Z 2V :6 DATA OUT VALlI ADO" 
O.SV ADO" O.SV 

~ ~ ~ ~ 
v , ~ 

OE/Vpp ~ f\ 
O~ ~(] tOEH 

CtVR1 

IT 

tPRT i+-

CE 2V , 
.,i o.sv 

Ftvcs-
Vee 6.0V 

TLlD/9181-5 
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Fast Programming Algorithm Flow Chart (Note 4) 

INCREMENT ADDR 

FIGURE 1 

1-149 

TLID/9181-7 

z 
:s: 
o 
N ..... 
o 
U1 ..... 
N 
l> 



<C 
N 
u; Interactive Programming Algorithm Flow Chart (Note 4) 
o ..... 
N 
o 
::E 
z 

INCREMENT ADDR 

FIGURE 2 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C512A are listed 
in Table I. A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for OElVpp during 
programming. In the program mode the OElVpp input is 
pulsed from a TTL low level to 12.75V. 

Read Mode 

The NMC27C512A has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tACe) is equal to the delay 
from CE to output (tCE). Data is available at the outputs after 
the falling edge of OE, assuming that CE has been low and 
addresses have been stable for at least tACC-tOE' 

The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C512A has a standby mode which reduces the 
active power dissipation by over 99%, from 110 mW to 
0.55 mW. The NMC27C512A is placed in the standby mode 
by applying a CMOS high signal to the CE input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR· Tying 

Because NMC27C512A are usually used in larger memory 
arrays, National has provided a 2-line control function that 

accommodates this use of multiple memory connections. 
'The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 20) be decoded and used as the pri
mary device selecting function, while OElVpp (pin 22) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 

This assures that all deselected memory devices are in their 
low power standby modes and that the output pins are ac
tive only when data is desired from a particular memory de
vice. 

Programming 

CAUTION: Exceeding 14V on pin 22 (OElVpp) will damage 
the NMC27C512A. 

Initially, and after each erasure, all bits of the NMC27C512A 
are in the "1" state. Data is introduced by selectively pro
gramming "Os" into the desired bit locations. Although only 
"Os" will be programmed, both "1s" and "Os" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27C512A is in the programming mode when the 
OElVpp is at 12.75V. It is required that at least a 0.1 J.LF 
capacitor be placed across Vcc and ground to suppress 
spurious voltage transients which may damage the device. 
The data to be programmed is applied 8 bits in parallel to 
the data output pins. The levels required for the address 
and data inputs are TTL. 

When the address and data are stable, an active low, TTL 
program pulse is applied to the CE input. A program pulse 
must be applied at each address location to be pro
grammed. 

The NMC27C512A is programmed with the Fast Program
ming Algorithm shown in Figure 1. Each Address is pro
grammed with a series of 100 J.Ls pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cells will 
Program with a single 100 J.Ls pulse. 

The NMC27C512A must not be programmed with a DC sig
nal applied to the CE input. 

Programming multiple NMC27C512AS in parallel with the 
same data can be easily acccomplished due to the simplici
ty of the programming requirements. Like inputs of the par
alleled NMC27C512A may be connected together when 
they are programmed with the same data. A low level TTL 
pulse applied to the CE input programs the paralleled 
NMC27C512A. 
Note: Some programmer manufacturers due to equipment limitation may 

offer interactive program Algorithm (Shown in Figure 2), 

TABLE I. Mode Selection 

Pins CE OE/Vpp Vee Outputs 
Mode (20) (22) (28) (11-13,15-19) 

Read VIL VIL 5.0V DOUT 

Standby VIH Don't Care 5.0V Hi-Z 

Program VIL 12.75V 6.25V DIN 

Program Verify VIL VIL 6.25V DOUT 

Program Inhibit VIH 12.75V 6.25V Hi-Z 

Output Disable Don't Care VIH 5.0V Hi-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27C512A in parallel with differ
ent data is also easily accomplished. Except CE all like in
puts (including OE) of the parallel NMC27C512A may be 
common. A TTL low level program pulse applied to an 
NMC27C512A's CE input with OElVpp at 12.75V will pro
gram that NMC27C512A. A TTL high level CE input inhibits 
the other NMC27C512A from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify is accomplished with OElVpp and CE at VIL. data 
should be verified tDV after the falling edge of CEo 

Manufacturer's Identification Code 

The NMC27C512A has a manufacturer's identification code 
to aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C512A is, "8F 85", where "8F" designates 
that it is made by National Semiconductor, and "85" desig
nates a 512k part. 

The code is accessed by applying 12V ± 0.5V to address 
pin A9. Addresses A 1-A8, A 1 O-A 15, CE, and OE are held 
at VIL. Address A9 is held at VIL for the manufacturer's 
code, and at VIH for the device code. The code is read on 
the 8 data pins. Proper code access is only guaranteed at 
25°C ±5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C512A are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. 

After programming opaque labels should be placed over the 
NMC27C512A's window to prevent unintentional erasure. 
Covering the window will also prevent temporary functional 
failure due to the generation of photo currents. 

The recommended erasure procedure for the 
NMC27C512A is exposure to short wave ultraviolet light 
which has a wavelength of 2537 Angstroms (A). The inte
grated dose (Le., UV intensity x exposure time) for erasure 
should be a minimum of 15W-sec/cm2. 

The NMC27C512A should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C512A erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed, or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vee transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 flF ceramic 
capacitor be used on every device between Vee and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 flF bulk electrolytic 
capacitor should be used between Vee and GND for each 
eight devices. The bulk, capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins Ao 
(10) 

Manufacturer Code VIL 

Device Code VIL 

07 Os 05 04 03 
{19} (18) (17) (16) (15) 

1 0 0 0 1 

1 0 0 0 0 

TABLE III. Minimum NMC27C512A Erasure Time 

Light Intensity 
(Mlcro-Watts/cm2) 

15,000 

10,000 

5,000 
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Erasure Time 
(Minutes) 

20 

25 

50 

02 01 00 Hex 
(13) (12) {11} Data 

1 1 1 8F 

1 0 1 85 



J?'A National 
~ Semiconductor 

PRELIMINARY 

NMC27C512AN 524,288-Bit (64k x 8) 
One Time Programmable CMOS PROM 

General Description 
The NMC27C512AN is a high-speed 512k UV one time pro
grammable CMOS EPROM, ideally suited for applications 
where fast turnaround and low power consumption are im
portant requirements. 

The NMC27C512AN is designed to operate with a single 
+ 5V power supply with ± 10% tolerance. The CMOS de
sign allows the part to operate over Extended and Military 
Temperature Ranges. 

The NMC27C512AN is packaged in a 2S-pin dual-in-line 
plastic molded package without a transparent lid. This part 
is ideally suited for high volume production applications 
where cost is an important factor and programming only 
needs to be done once. Also the plastic molded package 
works well in auto insertion equipment used in automated 
assembly lines. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down to 

120 ns 
• Low CMOS power consumption 

- Active Power: 110 mW max 
- Standby Power: 0.55 mW max 

• Optimum EPROM for total CMOS systems 
• Performance compatible to NSCSOOTM CMOS micro-

processor 
• Single 5V power supply 
• Pin compatible with NMOS 512k EPROMs 
• Fast and reliable programming (100 p.s for most bytes) 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Manufacturer's identification code for automatic pro

gramming control 
• High current CMOS level output drivers 

DATA OUTPUTS 00-0, 
Vee e>--+ 
GNOO--+ 

AO-A1S 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

524.288·BIT 
CELl MATRIX 

1-153 

TL/D/8754-1 

Pin Names 

AO-A15 Addresses 

CE Chip Enable 

OElVpp Output Enable/Pro-
gramming Voltage 

00-0 7 Outputs 

PGM Program 

NC No Connect 
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Connection Diagram 
27C256 27C128 27C64 27C32 27C16 NMC27C512AN 27C16 27C32 27C64 
27256 27128 2764 2732 2716 Dual-ln-L1ne Package 2716· 2732 2764 

Vpp Vpp Vpp AII- 1 21- Vcc Vee 
A12 A12 A12 A12- 2 27 ~A14 PGM 
A7 A7 A7 A7 A7 A1- 3 21 f-A13 Vee Vee NC 
A6 A6 A6 A6 A6 AI-4 2S f- AI AS AS AS 
A5 A5 A5 A5 A5 AI-S 24 f- AI A9 A9 A9 
A4 A4 A4 A4 A4 M-I 23 f-Al1 Vpp A11 A11 
A3 A3 A3 A3 A3 A3- 1 ZZ f- Drty" OE OElVpp OE 
A2 A2 A2 A2 A2 A2-1 21~AlO A10 A10 A10 
A1 A1 A1 A1 A1 AI-I zaf-a ~lVpp CE CE 
AO AO AO AO AO AO-ID II f-o, 07 07 07 
00 00 00 00 00 0.- 11 II ~o. 06 06 06 
01 01 01 01 01 0,- 12 11~0s 05 05 05 
02 02 02 02 02 1Iz- 13 11~0. 04 04 04 

GND GND GND GND GND GND- 14 lSi-liz 03 03 03 

TL/D/8754-2 

Order Number NMC27C512AN 
See NS Package Number N28B 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C512AN pins. 

Commercial Temp Range (O·C to + 70·C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C512AN120 120 

NMC27C512AN150 150 

NMC27C512AN200 200 

NMC27C512AN250 250 

Note: For non-commercial temperature range parts, call the factory. 
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27C128 27C256 
27128 27256 

Vee Vee 
PGM A14 
A13 A13 
AS AS 
A9 A9 

A11 A11 
OE OE 
A10 A10 
CE CE 

07 07 
06 06 
05 05 
04 04 
03 03 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Power Dissipation 1.0W 
contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 sec.) 300°C 
Distributors for availability and specifications. 

ESD Rating 
Temperature Under Bias -10°C to + 80°C (Mil Std. 883C, Method 3015.2) 2000V 
Storage Temperature - 65°C to + 150°C 

All Input Voltages except A9 and Operating Conditions (Note 6) 
OElVpp with Respect Temperature Range 
to Ground (Note 9) + 6.5V to - 0.6V NMC27C512AN120, 150,200,250 O°Cto + 70°C 

Vee Supply Voltage with Vee Power Supply +5V ±10% 
with Respect to Ground +7.0Vto -0.6V 

All Output Voltages with 
Respect to Ground (Note 9) Vee + 1 to GND -0.6V 

OElVpp Supply Voltage and A9 
with Respect to Ground +14.0Vto -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 0.Q1 1 IlA 

ILO Output Leakage Current VOUT = Vee or GND CE = VIH 0.01 1 IlA 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
TTL Inputs Inputs = VIH or VIL, 15 30 mA 

1/0 = OmA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
CMOS Inputs Inputs = Vee or GND, 10 20 mA 

I/O = OmA 

leeSB1 Vee Current (Standby) CE = VIH 0.1 1 mA 
TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 0.5 100 IlA 
CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 IlA 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee +1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.4 V 

VOH1 Output High Voltage IOH = -2.5mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 IlA 0.1 V 

VOH2 Output High Voltage IOH = -10 IlA Vee -0.1 V 

AC Electrical Characteristics 
NMC27C512A 

Symbol Parameter Conditions Q120 Q150 Q200 Q250 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output Delay CE = DE = VIL 120 150 200 250 ns 

teE CE to Output Delay DE = VIL 120 150 200 250 ns 

tOE OE to Output Delay CE = VIL 50 60 75 100 ns 

tOF DE High to Output Float CE = VIL 0 40 0 50 0 55 0 60 ns 

teF CE High to Output Float DE = VIL 0 40 0 50 0 55 0 60 ns 

tOH Output Hold from Addresses, CE = DE = VIL 
CE or DE, Whichever 0 0 0 0 ns 
Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol 

COUT 

Parameter 

Input Capacitance 
Except OElVpp 

Output Capacitance 

OElVpp Input 
Capacitance 

Conditions 

VIN = OV 

VOUT = OV 

VIN = OV 

Typ Max Units 

5 10 pF 

8 10 pF 

16 20 pF 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

1 TTL Gate and 
CL = 100 pF (Note 8) 

=:::5 ns 

0.45V to 2.4V 

Timing Measurement Reference Level 
Inputs 
Outputs 

AC Waveforms (Notes 6,7) 
_ rr 

ADDRESSES ~:gnl ADDRESSES VALID ;; }! 
----~~l------------------------------.~,1.~-----'·1----------

--
CE ~:~~ ,,~ ___________ ~ ~,r,.~ __ .,1 f-tcF-

I---tCE _ (NOTES 4,5) 

OUTPUT 

~2.0~V -t--......,.'i ) 
O.BV ~""",!,----"""------------",,,"~'1 r~-----, 

2.0V Hi-Z 

O.SV 'I"'" 

tOE .. tOF 
(NOTE 3) I+- rr - (NOTES 4, 5) I+-

.. """" Hi-Z VALID OUTPUT tr .. 
tACC 

-(NOTE3)- - toHI-

0.8Vand 2V 
0.8Vand 2V 

TL/D/B754-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: DE may be delayed up to tACC-toE after the falling edge of CE without impacting tACC. 

Note 4: The tOF and tCF compare level is determined as follows: 

High to TRI·STATE, the measured VOHl (DC) -0.10V. 

low to TRI-STATE, the measured VOL1 (DC) +0.10V. 

Note 5: TRI-STATE may be attained using OE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 ,..F ceramic capacitor be used on 
every device between VCC and GND. 

Note 7: The outputs must be restricted to VCC + 1.0V to avoid latch-up and device damage. 

Note 8: 1 TIL Gate: IOL = 1.6 mA,lOH = -400,..A. 

Cl: 100 pF includes fixture capaCitance. 

Note 9: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 
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Programming Characteristics (Notes 1, 2, 3 and 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 1 /-Ls 

tOES OE Setup Time 1 /-Ls 

tos Data Setup Time 1 /-Ls 

tAH Address Hold Time 0 /-Ls 

tOH Data Hold Time 1 /-Ls 

tCF Chip Enable to Output Float Delay OE = VIL 0 60 ns 

tpw Program Pulse Width 95 100 105 /-Ls 

tOEH OE Hold Time 1 /-Ls 

tov Data Valid from CE OE = VIL 250 ns 

tpRT OE Pulse Rise Time 
50 

During Programming 
ns 

tVR Vpp Recovery Time 1 /-Ls 

Ipp Vpp Supply Current During CE = VIL 30 mA 
Programming Pulse OE = Vpp 

Icc Vcc Supply Current 10 rnA 

TA Temperature Ambient 20 25 30 °C 

Vce Power Supply Voltage 6.0 6.25 6.5 V 

Vpp Programming Supply Voltage 12.5 12.75 13.0 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

tvcs Vcc Setup Time 1 /-LS 

Programming Waveforms 

PROGRAI.4 
PROGRAI.4_ 

VERlfYrr 

C ADDRESSES ]kJ ADDRESS N 
JT 

O.BV Jr_ 
JT 

~ 

DATA 
2V DATA IN STABLE "'" 

HI-Z 2V r DATA OUT V.wD ADO N 
O.BV ADO N .I- 0.BV1 

~ ~ ~ ~ 
'I , ~ 

~ 1\ OE/Vpp 

om ~~ C rr 

tOEH I.:tvR1 
I. 

IPRT ~ 

cr 2V 

"' rrl O.BV 

Flves-
.. 

Vee 6.0V 

TLlD/8754-4 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 /LF capacitor is required across Vee to GND to suppress spurious 
voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the fast Program Algorithm at typical power supply voltages and timings. The Min and Max Limit 
Parameters are design parameters, not tested or guaranteed. 
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FIGURE 1 
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Interactive Programming Algorithm Flow Chart (Note 4) 

INCRE~ENT ADDR 

FIGURE 2 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C512AN are listed 
in Table I. A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for OElVpp during 
programming. In the program mode the OElVpp input is 
pulsed from a TTL low level to 12.75V. 

Read Mode 

The NMC27C512AN has two control functions, both of 
which must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and should 
be used for device selection. Output Enable (OE) is the out
put control and should be used to gate data to the output 
pins, independent of device selection. Assuming that ad
dresses are stable, address access time (tACe> is equal to 
the delay from CE to output (tCE)' Data is available at the 
outputs after the falling edge of OE, assuming that CE has 
been low and addresses have been stable for at least tACC
tOE· 
The sense amps are clocked for fast access time. VCC 
should therefore be maintained at operating voltage during 
read and verify. If VCC temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to ensure proper output data. 

Standby Mode 

The NMC27C512AN has a standby mode which reduces 
the active power dissipation by over 99%, from 110 mW to 
0.55 mW. The NMC27C512AN is placed in the standby 
mode by applying a CMOS high signal to the CE input. 
When in standby mode, the outputs are in a high impedance 
state, independent of the OE input. 

Output OR· Tying 

Because EPROMs are usually used in larger memory ar
rays, National has provided a 2-line control function that 
accommodates this use of multiple memory connection. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 20) be decoded and used as the pri
mary device selecting function, while OElVpp (pin 22) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in their 
low power standby modes and that the output pins are ac
tive only when data is desired from a particular memory de
vice. 

Programming 

CAUTION: Exceeding 14V on pin 22 (OElVpp) will damage 
the NMC27C512AN. 

Initially, and after each erasure, all bits of the 
NMC27C512AN are in the "1" state. Data is introduced by 
selectively programming "Os" into the desired bit locations. 
Although only "Os" will be programmed, both "1 s" and "Os" 
can be presented in the data word. The only way to change 
a "0" to a "1" is by ultraviolet light erasure. 

The NMC27C512AN is in the programming mode when OEI 
Vpp is at 12.75V. It is required that at least a 0.1 J-tF capaci
tor be placed across VCC and ground to suppress spurious 
voltage transients which may damage the device. The data 
to be programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and data 
inputs are TTL. 

When the address and data are stable, an active low, TTL 
program pulse is applied to the CE input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC is programmed with the Fast Program
ming Algorithm shown in Figure 1. Each Address is pro
grammed with a series of 100 J-ts pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cells will 
program with a single 100 J-t pulse. 
Note: Some programmer manufacturers due to equipment limitation may 

offer interactive program Algorithm (shown in Figure 2), 

The NMC27C512AN must not be programmed with a DC 
signal applied to the CE input. 

Programming multiple NMC27C512As in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral
leled NMC27C512AN may be connected together when 
they are programmed with the same data. A low level TTL 
pulse applied to the CE input programs the paralleled 
NMC27C512AN. 

The NMC27C512AN is packaged in a plastic molded pack
age which does not have a transparent lid. Therefore the 
memory cannot be erased. This means that after a user has 
programmed a memory cell to a "0" it cannot be changed 
back to a "1". 

If an application requires erasing and reprogramming, the 
NMC27C512AQ UV Erasable PROM in a windowed pack
age should be used. 

TABLE I. Mode Selection 

Pins CE OE/Vpp Vee Outputs 
Mode (20) (22) (28) (11-13,15-19) 

Read VIL VIL 5.0V DOUT 

Standby VIH Don't Care 5.0V Hi-Z 

Output Disable Don't Care VIH 5.0V Hi-Z 

Program VIL 12.75V 6.25V DIN 

Program Verify VIL VIL 6.25V DOUT 

Program Inhibit VIH 12.75V 6.25V Hi-Z 
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Functional Description (Continued) 

PROGRAM INHIBIT 

Programming multiple NMC27C512ANs in paraliel with dif
ferent data is also easily accomplished. Except for CE all 
like inputs (including OE) of the parallel NMC27C512AN 
may be common. A TTL low level program pulse applied to 
an NMC27C512A's CE input with OElVpp at 12.75V will 
program that NMC27C512AN. A TTL high level CE input 
inhibits the other NMC27C512A from being programmed. 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify is accomplished with ,OElVpp and CE at VIL. Data 
should be verified tov after the falling edge of CEo 

MANUFACTURER'S IDENTIFICATION CODE 

The NMC27C512AN has a manufacturer's identification 
code to aid in programming. The code, shown in Table II, is 
two bytes wide and is stored in a ROM configuration on the 
chip. It identifies the manufacturer and the device type. The 
code for NMC27C512AN is "8F 85", where "8F" desig
nates that it is made by National Semiconductor, and "85" 
designates a 512k part. 

The code is accessed by applying 12V ± 0.5V to address 
pin A9. Addresses A 1-A8, A 1 O-A 15, CE and OE are held 
at VIL. Address A9 is held at VIL for the manufacturer's 
code, and at VIH for the device code. The code is read out 
on the eight data pins. Proper code access is only guaran
teed at 25°C ± 5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vec transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 JLF ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 JLF bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins 

Manufacturer Code 

Device Code 

Ao 
(10) 

Os 
(18) 

o 
o 

05 
(17) 

o 
o 
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C) r-------------------------------------------------------------------------------------~ --~ ~National 
~ D Semiconductor 

PRELIMINARY 

z 
NMC27C010 (Former NMC27C1023)* 
1,048,57S-Bit (128k x 8) UV Erasable CMOS PROM 

General Description 
The NMC27C010 is a high-speed 1024k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C010 is designed to operate with a single + 5V 
power supply with ± 10% tolerance. The CMOS design al
lows the part to operate over Extended and Military Temper
ature Ranges. 

The NMC27C010 is packaged in a 32-pin dual-in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down to 

150 ns 
• Low CMOS power consumption 

- Active power: 110 mW max 
- Standby power: 0.55 mW max 

• Performance compatible to NSC800TM CMOS micro
processor 

• Single 5V power supply 
• Extended temperature range (NMC27C0100E), -40°C 

to + 85°C and military temperature range 
(NMC27C0100M), - 55°C to + 125°C, available 

• Pin compatible with NMOS bytewide 1024k EPROMs 
• Fast and reliable programming (100 p.s for most bytes) 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATE~ output 
• Optimum EPROM for total CMOS systems 
• Manufacturer's identification code for automatic pro

gramming control 
• High current CMOS level output drivers 

DATA OUTPUTS CIa-07 
Vee 0--+ 
GNDo--+ 

AD·Ale 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

1.1141.171-11T 
CRLIIATRIX 

·Some programmer manufacturers will call this device NMC27C1023. 
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Pin Names 

AO-A16 Addresses 

CE Chip Enable 

OE Output Enable 

0 0-0 7 Outputs 

PGM Program 

NC No Connect 



Connection Diagram 

NMC27C010Q 
Dual·ln·Llne Package 

27C512 27C256 27C128 27C64 Vpp- 1 32 -Vee 
27C64 27C128 27C256 27C512 

27512 27256 27128 2764 A16- 2 31 -PGt.t 2764 27128 27256 27512 

A15 Vpp Vpp Vpp A15- 3 30 -Ne Vee Vee Vee Vee 

A12 A12 A12 A12 A12- 4 29 ~A14 PGM PGM A14 A14 

A7 A7 A7 A7 A7- 5 28 ~A13 NC A13 A13 A13 

A6 A6 A6 A6 A6- 6 27 ~A8 AS AS AS AS 

A5 A5 A5 A5 A5- 7 26 1-A9 A9 A9 A9 A9 

A4 A4 A4 A4 A4- 8 25 I-A11 A11 A11 A11 A11 

A3 A3 A3 A3 A3- 9 24 ~OE OE OE OE OElVpp 

A2 A2 A2 A2 A2- 10 23 ~A10 A10 A10 A10 A10 

A1 A1 A1 A1 A,-11 22 ~CE CE CE CE/PGM CE 

AO AO AO AO Ao- 12 21 ~07 07 07 07 07 

00 00 00 00 °0- 13 20 -°6 06 06 06 06 

0, 01 01 01 °1- 14 19 -°5 Os 05 Os Os 

02 02 02 02 °2- 15 18 -0" 04 04 04 04 

GND GND GND GND GND- 16 17 -°3 03 03 03 03 

TLlD/9182-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27CO 1 0 pins. 

Order Number NMC27C010Q 
See NS Package Number J32AQ 

Commercial Temperature Range (O°C to + 70°C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C0100150 150 

NMC27C0100170 170 

NMC27C0100200 200 

NMC27C0100250 250 • Extended Temperature Range (- 40°C to + 85°C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C0100E170 170 

NMC27C0100E200 200 

NMC27C0100E200 200 

MIlitary Temperature Range ( - 55°C to + 125°C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C0100M170 170 

NMC27C0100M200 200 
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COMMERCIAL TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -10°Cto + 80°C Power Dissipation 1.0W 

Storage Temperature - 65°C to + 150°C Lead Temperature (Soldering, 10 sec.) 300°C 

All Input Voltages except A9 with ESD Rating 
Respect to Ground (Note 10) + 6.5V to - 0.6V (Mil Spec 883C, Method 3015.2) 2000V 

All Output Voltages with 
Operating Conditions (Note 7) Respect to Ground (Note 10) Vee + 1.0Vto GND-0.6V 

Vpp Supply Voltage and A9 Temperature Range O°C to + 70°C 
with Respect to Ground Vee Power Supply +5V ±10% 
During Programming + 14.0V to - 0.6V 

Vee Supply Voltage with 
Respect to Ground + 7.0V to -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 1 p,A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 1 p,A 

ICC1 Vee Current (Active) CE = VIL, f = 5 MHz 
15 30 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL, I/O = 0 rnA 

Ice2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 rnA 

(Note 9) CMOS Inputs Inputs = Vee or GND, I/O = 0 rnA 

IceSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

ICCSB2 Vee Current (Standby) CE = Vee 
0.5 100 p,A 

CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 p,A 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vec + 1 V 

VOL1 Output Low Voltage IOL = 2.1 rnA 0040 V 

VOH1 Output High Voltage IOH = -2.5 rnA 3.5 V 

VOL2 Output Low Voltage IOL = 10 p,A 0.1 V 

VOH2 Output High Voltage IOH = -10 p,A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C010 

Symbol Parameter Conditions Q150 Q170 Q200 Q250 Units 

Min Max Min Max Min Max Min Max 

tAce Address to Output Delay CE = OE = VIL 
150 170 200 250 ns 

PGM = VIH 

teE CE to Output Delay OE = VIL, PGM = VIH 150 170 200 250 ns 

tOE OE to Output Delay CE = VIL, PGM = VIH 60 75 75 100 ns 

tOF OE High to Output Float CE = VIL, PGM = VIH 0 50 0 55 0 55 0 60 ns 

teF CE High to Output Float OE = VIL, PGM = VIH 0 50 0 55 0 55 0 60 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever PGM = VIH 0 0 0 0 ns 
Occurred First 
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MILITARY AND EXTENDED TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

If Militaryl Aerospace specified devices are required, 
Vee Supply Voltage with contact the National Semiconductor Sales Officel 

Distributors for availability and specifications. Respect to Ground + 7.0V to -0.6V 

Temperature Under Bias Operating Temp. Range Power Dissipation 1.0W 

Storage Temperature - 65°C to + 150°C Lead Temperature (Soldering, 10 sec.) 300°C 

All Input Voltages except A9 with ESD Rating 

Respect to Ground (Note 10) + 6.5V to - 0.6V (Mil Spec 883C, Method 3015.2) 2000V 

All Output Voltages with Operating Conditions (Note 7) Respect to Ground (Note 10) Vee+ 1.0V to GND-0.6V 

Vpp Supply Voltage and A9 Temperature Range 

with Respect to Ground NMC27C010QE120, 150,200 - 40°C to + 85°C 

During Programming + 14.0V to - 0.6V NMC27C010QM150, 200 -55°C to + 125°C 

Vee Power Supply +5V ±10% 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 /J-A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 10 /J-A 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
15 30 rnA 

(Note 9) TTL Inputs Inputs = VIH or VIL, I/O = 0 rnA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND, I/O = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 100 /J-A 

CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 /J-A 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -1.6 mA 3.5 V 

VOL2 Output Low Voltage IOL=10/J-A 0.1 V 

VOH2 Output High Voltage IOH = -10/J-A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C010Q 

Symbol Parameter Conditions E150 E170, M170 E200, M200 Units 

Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 
150 170 200 

PGM = VIH 
ns 

teE CE to Output Delay OE = VIL, PGM = VIH 150 170 200 ns 

tOE OE to Output Delay CE = VIL, PGM = VIH 60 75 75 ns 

tDF OE High to Output Float CE = VIL, PGM = VIH 0 50 0 55 0 55 ns 

teF CE High to Output Float OE = VIL, PGM = VIH 0 50 0 55 0 55 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever PGM = VIH 0 0 0 ns 
Occurred First 
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Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

Conditions Typ 

VIN = OV 9 

VOUT = OV 12 

1 TTL Gate and 
CL = 100 pF (Note 8) 

~5 ns 

0.45V to 2.4V 

AC Waveforms (Notes 6,7, & 9) 

Max Units 

15 pF 

15 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

ADDRESSES ADDRESSES VALID 

cr 2.0V 
O.BV 

OE 2.0V 
a.BV 

OUTPUT ~2.~OV:;--+ ___ -H~~~+< I VALID OUTPUT 
O.BV ~~~~~ ________ """, 't-----....p.-"I-'-"""''-'I 

1+-___ tAcc ----I 
(NOTE 3) 

0.8Vand 2V 
0.8Vand 2V 

Hi-Z 

TL/D/9182-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: DE may be delayed up to tACC - tOE after the falling edge of CEO without impacting tACC' 

Note 4: The tOF and tCF compare level is determined as follows: 
High to TRI-STATE, the measured VOH1 (DC) - 0.10V; 
Low to TRI·STATE, the measured VOL1 (DC) + 0.10V. 

Note 5: TRI-STATE may be attained using DE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 ,.,.F ceramic capacitor be used on 
every device between Vcc and GNO. . 

Note 7: The outputs must be restricted to Vcc + 1.0V to avoid latch-up and device damage. 

Note 8: 1 TTL Gate: IOL = 1.6 mA, IOH = -400,.,.A. 
CL: 100 pF includes fixture capacitance. 

Note 9: Vpp may be connected to VCC except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions 

tAS Address Setup Time 

tOES OE Setup Time 

tCES CE Setup Time OE = VIH 

tos Data Setup Time 

tvps Vpp Setup Time 

tvcs Vcc Setup Time 

tAH Address Hold Time 

tOH Data Hold Time 

tOF Output Enable to Output Float Delay CE = VIL 

tpw Program Pulse Width 

tOE Data Valid from OE CE = VIL 

Ipp Vpp Supply Current During CE = VIL 
Programming Pulse PGM = VIL 

Icc Vcc Supply Current 

TA Temperature Ambient 

Vce Power Supply Voltage 

Vpp Programming Supply Voltage 

tFR Input Rise, Fall Time 

VIL Input Low Voltage 

VIH Input High Voltage 

tiN Input Timing Reference Voltage 

tOUT Output Timing Reference Voltage 

1·167 

Min Typ 

1 

1 

1 

1 

1 

1 

0 

1 

0 

95 100 

20 25 

6.0 6.25 

12.5 12.75 

5 

0.0 

2.4 4.0 

0.8 1.5 

0.8 1.5 

Max 

60 

105 

100 

30 

10 

30 

6.5 

13.0 

0.45 

2.0 

2.0 

Units 

Ils 

Ils 

Ils 

Ils 

Ils 

Ils 

Ils 

Ils 

ns 

Ils 

ns 

rnA 

rnA 

·C 

V 

V 

ns 

V 

V 

V 

V 
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Programming Waveforms (Note 3) 

ADDRESSES 

DATA 

Or 2V 
a.BV 

t---- PROGRAM 
PROGRAM ----r--- VERIFY ----.{ 

Hi-Z 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

TL/D/9182-5 

Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 /LF capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings. The Min and Max limit 
parameters are design parameters, not tested or guaranteed. 
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Fast Programming Algorithm Flow Chart 

INCREMENT ADDR 

FIGURE 1 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C010 are listed in 
Table I. It should be noted that all inputs for the six modes 
are at TTL levels. The power supplies required are Vee and 
Vpp. The Vpp power supply must be at 12.75V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vee power supply must be at 6.25V dur
ing the three programming modes, and at 5V in the other 
three modes. 

Read Mode 

The NMC27C010 has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tAee) is equal to the delay 
from CE to output (teE)' Data is available at the outputs tOE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAee-tOE' 

The sense amps are clocked for fast access time. Vee 
should therefore be maintained at operating voltage during 
read and verify. If Vee temporarily drops below the specified 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C010 has a standby mode which reduces the 
active power dissipation by over 99%, from 110 mW to 
0.55 mW. The NMC27C010 is placed in the standby mode 
by applying a CMOS high signal to the CE input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR-Tying 

Because the NMC27C010 is usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE be decoded and used as the primary de
vice selecting function, while OE be made a common con
nection to all devices in the array and connected to the 
READ line from the system control bus. This assures that all 
deselected memory devices are in their low power standby 
modes and that the output pins are active only when data is 
desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on the Vpp or A9 pin will damage 
the NMC27C010. 

Initially, and after each erasure, all bits of the NMC27C010 
are in the "1" state. Data is introduced by selectively pro-
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gramming "O's" into the desired bit locations. Although only 
"O's" will be programmed, both "1's" and "O's" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27C010 is in the programming mode when the Vpp 
power supply is at 12.75V and OE is at VIH. It is required 
that at least a 0.1 IlF capacitor be placed across Vpp, Vee 
to ground to suppress spurious voltage transients which 
may damage the device. The data to be programmed is 
applied S bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 

When the address and data are stable, an active low, TTL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C010 is programmed with the Fast 
Programming Algorithm shown in Figure 1. Each Address is 
programmed with a series of 100 Ils pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cells will 
program with a single 100 Ils pulse. The NMC27C010 must 
not be programmed with a DC signal applied to the PGM 
input. 

Programming multiple NMC27C01 0 in parallel with the same 
data can be easily accomplished due to the simplicity of the 
programming requirements. Like inputs of the parallel 
NMC27C010 may be connected together when they are 
programmed with the same data. A low level TTL pulse ap
plied to the PGM input programs the paralleled 
NMC27C010. 

Program Inhibit 

Programming multiple NMC27C010's in parallel with differ
ent data is also easily accomplished. Except for CE all like 
inputs (including OE and PGM) of the parallel NMC27C010 
may be common. A TTL low level program pulse applied to 
an NMC27C010's PGM input with CE at VIL and Vpp at 
12.75V will program that NMC27C010. A TTL high level CE 
input inhibits the other NMC27C010's from being pro
grammed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.75V. Vpp must be at 
Vee, except during programming and program verify. 

Manufacturer's Identification Code 

The NMC27C010 has a manufacturer's identification code 
to aid in programming. When the device is inserted in an 
EPROM programmer socket, the programmer reads the 
code and then automatically calls up the specific program
ming algorithm for the part. This automatic programming 
control is only possible with programmers which have the 
capability of reading the code. 

The Manufacturer's Identification code, shown in Table II, 
specifically identifies the manufacturer and the device type. 
The code for the NMC27C010 is "SFS6", where "SF" desig
nates that it is made by National Semiconductor, and "S6" 
designates a 1 Megabit byte-wide part. 



Functional Description (Continued) 

TABLE I. Mode Selection 

Pins CE OE PGM Vpp Vee Outputs 

Mode (22) (24) (31) (1) (32) (13-15,17-21) 

Read VIL VIL VIH Vee 5V DOUT 

Standby VIH Don't Care Don't Care Vee 5V Hi-Z 

Output Disable Don't Care VIH VIH Vee 5V Hi-Z 

Program VIL VIH VIL 12.75V 6.25V DIN 

Program Verify VIL VIL VIH 12.75V 6.25V DOUT 

Program Inhibit VIH Don't Care Don't Care 12.75V 6.25V Hi-Z 

TABLE II. Manufacturer's Identlficatilon Code 

Pins Ao 07 06 05 04 03 02 01 00 Hex 
(12) (21) (20) (19) (18) (17) (15) (14) (13) Data 

Manufacturer Code VIL 1 0 0 0 1 1 1 1 8F 

Device Code VIH 1 0 0 0 0 1 1 0 86 

The code is accessed by applying 12V ± 0.5V to address changed, the distance has changed, or the lamp has aged, 
pin A9. Addresses A 1-AB, A 1 O-A 16, and all control pins the system should be checked to make certain full erasure 
are held at VIL. Address pin AO is held at VIL for the manu- is occurring. Incomplete erasure will cause symptoms that 
facturer's code, and held at VIH for the device code. The can be misleading. Programmers, components, and even 
code is read on the eight data pins, 00-07. Proper code system designs have been erroneously suspected when in-
access is only guaranteed at 25°C ± 5°C. complete erasure was the problem. 

ERASURE CHARACTERISTICS SYSTEM CONSIDERATION 

The erasure characteristics of the NMC27C010 are such The power switching characteristics of EPROMs require 
that erasure begins to occur when exposed to light with careful decoupling of the devices. The supply current, Icc, 
wavelengths shorter than approximately 4000 Angstroms has three segments that are of interest to the system de-
(A). It should be noted that sunlight and certain types of sign)-the standby current level, the active current level, 
fluorescent lamps have wavelengths in the 3000A-4000A and the transient current peaks that are produced by volt-
range. age transitions on input pins. The magnitude of these tran-

AFTER PROGRAMMING 
sient current peaks is dependent on the output capacitance 
loading the device. The associated Vee transient voltage 

Opaque labels should be placed over the NMC27C010 win- peaks can be suppressed by properly selected decoupling 
dow to prevent unintentional erasure. Covering the window capacitors. It is recommended that at least a 0.1 fA.F ceramic 
will also prevent temporary functional failure due to the gen- capacitor be used on every device between Vee and GND. 
eration of photo currents. This should be a high frequency capacitor of low inherent 
The recommended erasure procedure for the NMC27C010 inductance. In addition, at least a 4.7 fA.F bulk electrolytic 
is exposure to short wave ultraviolet light which has a wave- capacitor should be used between Vee and GND for each 
length of 2537 Angstroms (A). The integrated dose (Le., UV eight devices. The bulk capacitor should be located near 
intensity x exposure time) for erasure should be a minimum where the power supply is connected to the array. The pur-
of 15 W-sec/cm2. pose of the bulk capacitor is to overcome the voltage drop 

The NMC27C01 0 should be placed within 1 inch of the lamp caused by the inductive effects of the PC board traces. 

tubes during erasure. Some lamps have a filter on their 
TABLE III. NMC27C010 

tubes which should be removed before erasure. Table III Minimum Erasure Time 
shows the minimum NMC27C010 erasure time for various 
light intensities. Light Intensity Erasure Time 

An erasure system should be calibrated periodically. The (fA. Watts! cm2) (Minutes) 
distance from lamp to unit should be maintained at one inch. 15,000 20 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 10,000 25 
4.) Lamps lose intensity as they age. When a lamp is 

5,000 50 
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~National 
a Semiconductor 

PRELIMINARY 

NMC27C1024 
1,048,576-Bit (64k x 16) UV Erasable CMOS PROM 

General Description 
The NMC27C1024 is a high-speed 1024k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C1 024 is designed to operate with a single + 5V 
power supply with ± 10% tolerance. The CMOS design al
lows the part to operate over extended and military temper
ature ranges. 

The NMC27C1 024 is packaged in a 40-pin dual in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down 

to 150 ns 

• Low CMOS power consumption 
- Active Power: 110 mW max 
- Standby Power: 550 Il-W max 

• Performance compatible to 16-bit and 32-bit 
microprocessors 

• Single 5V power supply 
• Extended temperature range (NMC27C10240E), -40°C 

to + 85°C, and military temperature range 
(NMC27C10240M), - 55°C to + 125°C, available 

• Pin compatible with NMOS wordwide 1024k EPROMs 
• Fast and reliable programming (100 Il-s for most bytes) 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Optimum EPROM for total CMOS systems 
• Manufacturer's Identification Code for automatic pro

gramming control 
• High current CMOS level output drivers 

Vee 0---+ 
GND 0---+ 

v" 0--+ 

DATA OUTPUTS 00.015 

AD·A15 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

1.048.578-8IT 
CEll MATRIX 
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Pin Names 

AO-A15 Addresses 

CE Chip Enable 

OE Output Enable 

0 0-0 15 Outputs 

PGM Program 

NC No Connect 
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Connection Diagram 3: 

0 
N ...... 

27C2048 
NMC27C1024Q 

27C2048 0 
Dual-In-Llne Package ...... 

272048 272048 
0 
N 

\J ~ 

Vpp Vpp- 1 40 ~Vcc Vee 

CE cr-2 39 -!5Gij PGM 

015 0IS- 3 38 -NC A16 

014 014- 4 37 ~A1S A15 

013 013- 5 36 "-A14 A14 

012 012- 6 35 r-A13 A13 

011 011- 7 34 r-A12 A12 

010 010- 8 33 r-A 11 All 
Og Og- 9 32 r-A10 AlO 

Oa os- lO 31 -Ag Ag 

GND GND- 11 30 -GND GND 

07 °7- 12 29 -As Aa 

06 °s- 13 28 -A7 A7 

05 °s- 14 27 -As A6 

04 °4- 15 26 -As As 

03 °3- 16 25 -A4 A4 

02 °2- 17 24 -A3 A3 

01 °1- 18 23 -A2 A2 

00 °0- 19 22 !-Al Al 
DE ru:- 20 21 !-Ao Ao 

TL/O/8806-2 

Order Number NMC27C1024Q 
See NS Package Number J40AQ 

Note: National's socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27Cl 024 pins. 

Commercial Temperature Range (O·C to + 70·C) Vee = 5V ± 10% 

Parameter/Order Number Access Time (ns) 

NMC27C10240150 150 

NMC27C10240170 170 

NMC27C10240200 200 

NMC27C10240250 250 

Extended Temperature (-40·C to + 85·C) Vee = 5V ± 10% 

Parameter/Order Number Access Time (ns) 

NMC27C10240E150 150 

NMC27C10240E170 170 

NMC27C10240E200 200 

Military Temperature Range (-55·C to + 125·C) Vee = 5V ± 10% 

Parameter/Order Number Access Time (ns) 

NMC27C10240M170 170 

NMC27C10240M200 200 
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COMMERCIAL TEMPERATURE RANGE 
Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -10°C to +80°C Power Dissipation 1.0W 

Storage Temperature - 65°C to + 150°C lead Temperature (Soldering, 10 sec.) 300°C 

All Input Voltages except A9 with ESD rating 
Respect to Ground (Note 10) + 6.5V to -0.6V (Mil Spec 883C Method 3015.2) 2000V 

All Output Voltages with 
Operating Conditions (Note 7) Respect to Ground (Note 10) Vee + 1.0 to GND-0.6V 

Vpp Supply Voltage and A9 with Temperature Range O°Cto + 70°C 
Respect to Ground Vee Power Supply +5V ±10% 
During Programming + 14.0V to - 0.6V 

Vee Supply Voltage with 
Respect to Ground +7.0Vto -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input load Current VIN = Vee or GND 1 /-LA 

ILO Output leakage Current VOUT = Vee or GND, CE = VIH 1 /-LA 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
(Note 9) TTL Inputs Inputs = VIH or VIL 15 30 mA 

1/0 = OmA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
(Note 9) CMOS Inputs Inputs = Vee or GND, 10 20 rnA 

1/0 = OmA 

leeSB1 Vee Current (Standby) CE = VIH 0.1 1 mA TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 0.5 100 /-LA CMOS Inputs 

Ipp Vpp load Current Vpp = Vee 10 /-LA 

VIL Input low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -2.5mA 3.5 V 

VOL2 Output low Voltage IOL = 10 /-LA 0.1 V 

VOH2 Output High Voltage IOH = -10/-LA Vee -0.1 V 

AC Electrical Characteristics 

Symbol Parameter Conditions Q150 Q170 Q200 Q250 
Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output CE = OE = VIL 150 170 200 250 ns Delay PGM = VIH 

teE CE to Output Delay OE = VIL 150 170 200 250 ns 
PGM = VIH 

tOE OE to Output Delay CE = VIL 60 75 75 100 ns 
PGM = VIH 

tOF OE High to Output CE = VIL 0 50 0 55 0 55 0 60 ns Float PGM = VIH 

teF CE High to OE = VIL 0 50 0 55 0 55 0 60 ns Output Float PGM = VIH 

tOH Output Hold from CE = OE = VIL 
Addresses, CE or PGM = VIH 0 0 0 0 ns OE, Whichever 
Occurred First 
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MILITARY AND EXTENDED TEMPERATURE RANGE 
Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Vee Supply Voltage with 
contact the National Semiconductor Sales Office/ Respect to Ground +7.0Vto -0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias Operating Temp. Range Lead Temperature (Soldering. 10 sec.) 300°C 
Storage Temperature - 65°C to + 150°C ESD Rating 
All Input Voltages except A9 with (Mil Spec 883C. Method 3015.2) 2000V 

Respect to Ground (Note 10) +6.5Vto -0.6V 

All Output Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) Vee+ 1.0Vto GND-0.6V Temperature Range 

Vpp Supply Voltage and A9 NMC27C10240E120. 150.200 -40·Cto + 85°C 
with Respect to Ground NMC27C10240M150.200 - 55°C to + 125°C 
During Programming + 14.0V to -0.6V Vee Power Supply +5V ±10% 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 J1-A 

ILO Output Leakage Current VOUT = Vee or GND. CE = VIH 10 J1-A 

lee1 Vee Current (Active) CE = VIL. f = 5 MHz 
15 30 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL. I/O = 0 mA 

lee2 Vee Current (Active) CE = GND. f = 5 MHz 
10 20 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND. I/O = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 100 J1-A CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 J1-A 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -1.6mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 J1-A 0.1 V 

VOH2 Output High Voltage IOH = -10 J1-A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C1024Q 

Symbol Parameter Conditions E150 E170, M170 E200, M200 Units 

Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 
150 170 200 ns 

PGM = VIH 

teE CE to Output Delay OE = VIL. PGM = VIH 150 170 200 ns 

tOE OE to Output Delay CE = VIL. PGM = VIH 60 75 75 ns 

tDF OE High to Output Float CE = VIL. PGM = VIH 0 50 0 55 0 55 ns 

teF CE High to Output Float OE = VIL. PGM = VIH 0 50 0 55 0 55 ns 

tOH Output Hold from Addresses. CE = OE = VIL 
CE or OE. Whichever PGM = VIH 0 0 0 ns 
Occurred First 

1-175 



Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 1 TTL Gate and CL = 100 pF (Note 8) 
Input Rise and Fall Times s 5 ns 
Input Pulse Levels 0,45V to 2,4V 

AC Waveforms (Notes 6,7, & 9) 

Conditions Typ Max Units 

VIN = OV 12 20 

VOUT = OV 13 20 

Timing Measurement Reference Level 
Inputs 
Outputs 

pF 

pF 

ADDRESSES 2.0V 
0.8V ADDRESSES VALID 

CE 

6E 

2.0V 
OUTPUT 

O.BV 

2.0V 
0.8V 

2.0V 
0.8V 

tAce 
(NOTE 3) 

VALID OUTPUT 

0.8Vand 2V 
0.8Vand 2V 

TLID/8806-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: DE may be delayed up to tAce-toE after the falling edge of CE without impacting tAce. 

Note 4: The tOF and tCF compare level is determined as follows: 

High to TRI-STATE, the measured VOH1 (DC) - O.tOV 

Low to TRI-STATE, the measured VOL1 (DC) + O.tOV 

Note 5: TRI-STATE may be attained using DE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a O.t fJ.F ceramic capacitor be used on 
every device between Vee and GND. 

Note 7: The outputs must be restricted to Vce + t.OV to avoid latch-up and device damage. 

Note 8: 1 TIL Gate: IOL = 1.6 mA, IOH = -400 p.A. 
CL: 100 pF Includes fixture capacitance. 

Note 9: Vpp may be connected to Vec except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns max. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Set-Up Time 1 p.s 

tOES OE Set-Up Time 1 p.s 

tCES CE Set-Up Time 1 p.s 

tDS Data Set-Up Time 1 p.s 

tvps Vpp Set-Up Time 1 p.s 

tvcs Vcc Set-Up Time 1 p.s 

tAH Address Hold Time 0 p.s 

tOH Data Hold Time 1 p's 

tDF Output Enable to Output Float Delay CE = VIL 0 60 ns 

tpw Program Pulse Width 95 100 105 p.s 

tOE Data Valid From OE CE = VIL 100 ns 

Ipp Vpp Supply Current during CE = VIL 
30 rnA 

Programming Pulse PGM = VIL 

Icc Vcc Supply Current 10 rnA 

tR Temp Ambient 20 25 30 °C 

Vcc Power Supply Voltage 6.0 6.25 6.5 V 

Vpp Programming Supply Voltage 12.5 12.75 13.0 V 

TCR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Programming Waveforms (Note 3) 

f4--- PROGRAt.I P~~~I~t.I_ 

ADDRESSES D ADDRESS N K: 
rI IIAH I--

2V DATA IN STABl! HI-Z DATA OUT VAUD I-DATA~ ADD N ADDN 

~ ~ :--- lor 

Vcc~_ ~ 

VPP~ ~ 

CE O.BV 

!-IcES-

PGM 2V 
O.BV 

I 

I-
IOES1 .... IoE--

OE 2V 

"' 
~ 

O.BV J 
TL/D/880B-l0 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: VCC must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 JLF capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the Fast Program Algorithm, at typical power supply voltages and timings. The min and max limit 
parameters are deSign parameters, not tested or guaranteed. 
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Fast Programming Algorithm Flow Chart 

FAIL 

INCREMENT ADDR 

FIGURE 1 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C1024 are listed 
in Table I. It should be noted that all inputs for the six modes 
are at TIL levels. The power supplies required are Vee and 
Vpp. The Vpp power supply must be at 12.75V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vee power supply must be at 6.25V dur
ing the three programming modes, and at 5V in the other 
three modes. 

Read Mode 

The NMC27C1024 has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (DE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tAee) is equal to the delay 
from CE to output (teE).~ta is available at the outputs tOE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAee-tOE. 

The sense amps are clocked for fast access time. Vee 
should therefore be maintained at operating voltage during 
read and verify. If Vee temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to ensure proper output data. 

Standby Mode 

The NMC27C1024 has a standby mode which reduces the 
active power dissipation by over 99%, from 110 mW to 
0.55 mW. The NMC27C1024 is placed in the standby mode 
by applying a CMOS high signal to the ~ input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR-Tying 

Because NMC27C1024s are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 2) be decoded and used as the primary 
device selecting function, while OE (pin 20) be made a com
mon connection to all device~~ in the array and connected to 
the READ line from the system control bus. This assures 
that all deselected memory devices are in their low power 
standby modes and that the output pins are active only 
when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14Von the Vpp or A9 pin will damage 
the NMC27C1024. 

Initially, and after each erasure, all bits of the NMC27C1 024 
are in the "1" state. Data is introduced by selectively pro
gramming "O's" into the desired bit locations. Although only 
"O's" will be programmed, both "1's" and "O's" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27C1024 is in the programming mode when the 
Vpp power supply is at 12.75V and OE is at VIH. It is re
quired that at least a 0.1 J.LF capacitor be placed across 
Vpp, Vee to ground to suppress spurious voltage transients 
which may damage the device. The data to be programmed 
is applied 16 bits in parallel to the data output pins. The 
levels required for the address and data inputs are TIL. 

When the address and data are stable, an active low, TIL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C1024 is programmed with the Fast 
Programming Algorithm shown in Figure 1. Each Address is 
programmed with a series of 100 J.Ls pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cells will 
program with a single 100 J.Ls pulse. The NMC27C1024 
must not be programmed with a DC signal applied to the 
PGM input. 

Programming multiple NMC27C1024s in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the parallel 
NMC27C1024s may be connected together when they are 
programmed with the same data. A low level TIL pulse ap
plied to the PGM input programs the paralleled 
NMC27C1024s. 

TABLE I. Mode Selection 

Pins CE OE PGM Vpp Vee Outputs 

Mode (2) (20) (39) (1) (40) (3-10,12-19) 

Read VIL VIL VIH Vee 5V DOUT 

Standby VIH Don't Care Don't Care Vee 5V Hi-Z 

Output Disable Don't Care VIH VIH Vee 5V Hi-Z 

Program VIL VIH VIL 12.75V 6.25V DIN 

Program Verify VIL VIL VIH 12.75V 6.25V DOUT 

Program Inhibit VIH Don't Care Don't Care 12.75V 6.25V Hi-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27C1024s in parallel with differ
ent data is also easily accomplished. Except for CE, all like 
inputs (including OE and PGM) of the parallel NMC27C1024 
may be common. A TIL low level program pulse applied to 
an NMC27C1024 PGM input with CE at VIL and Vpp at 
12.5V will program that NMC27C1024. A TIL high level CE 
input inhibits the other NMC27C1024s from being pro
grammed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.5V. Vpp must be at 
Vee except during programming and program verify. 

Manufacturer's Identification Code 

The NMC27C1024 has a manufacturer's identification code 
to aid in programming. When the device is inserted in an 
EPROM programmer socket, the programmer reads the 
code and then automatically calls up the specific program
ming algorithm for the part. This automatic programming 
control is only possible with programmers which have the 
capability of reading the code. 

The Manufacturer's Identification code, shown in Table II, 
specifically identifies the manufacturer and the device type. 
The code for the NMC27C1024 is "SFD6", where "SF" des
ignates that it is made by National Semiconductor, and 
"06" designates a 1 Meg part. 

The code is accessed by applying 12 ± 0.5V to address pin 
A9. Addresses A 1-AS, A 1 O-A 15, and all control pins are 
held at VIL. Address pin AO is held at VIL for the manufactur
er's code, and held at VIH for the device code. The code is 
read on the lower eight data pins, 00-07. Proper code ac
cess is only guaranteed at 25°C ± 5°C. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C1024 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. After programming opaque labels should be placed 

over the NMC27C1 024 window to prevent unintentional era
sure. Covering the window will also prevent temporary func
tional failure due to the generation of photo currents. 

The recommended erasure procedure for the NMC27C1 024 
is exposure to short wave ultraviolet light which has a wave
length of 2537 Angstroms (A). The integrated dose (Le., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 

The NMC27C1024 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C1024 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed, or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vee transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 JlF ceramic 
capacitor be used on every device between Vee and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 JlF bulk electrolytic 
capacitor should be used between Vee and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins 
Ao 07 Os 05 04 03 02 01 00 Hex 

(21) (12) (13) (14) (15) (16) (17) (18) (19) Data 

Manufacturer Code VIL 1 0 0 0 1 1 1 1 SF 

Device Code VIH 1 1 0 1 0 1 1 0 D6 

TABLE III. Minimum NMC27C1024 Erasure Time 

Light Intensity Erasure Time 
(Mlcro-Watts/cm2) (Minutes) 

15,000 20 

10,000 25 

5,000 50 
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~National 
~ Semiconductor 

PRELIMINARY 

NMC27C020 
2,097, 152-Bit (256k x 8) UV Erasable CMOS PROM 

General Description 
The NMC27C020 is a high-speed 2048k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C020 is designed to operate with a single + 5V 
power supply with ± 10% tolerance. The CMOS design al
lows the part to operate over Extended and Military Temper
ature Ranges. 

The NMC27C020 is packaged in a 32-pin dual in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down to 

150 ns 

• Low CMOS power consumption 
- Active power: 110 mW max 
- Standby power: 0.55 mW max 

• Performance compatible to NSC800™ CMOS micro
processor 

• Single 5V power supply 
• Extended temperature range (NMC27C0200E), -40°C 

to + 85°C and military temperature range 
(NMC27C0200M), - 55°C to + 125°C, available 

• Pin compatible with NMOS bytewide 2 meg EPROMs 
• Fast and reliable programming (100 !-'-S for most bytes) 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 

• TRI-STATE® output 
• Optimum EPROM for total CMOS systems 
• Manufacturer's identification code for automatic pro

gramming control 

• High current CMOS level output drivers 

DATA OUTPUTS 0,-07 
Vee 0---+ 

GNO 0---+ 

AO-A11 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

U4U1HIT 
CWIllATRIX 
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Pin Names 

AO-A17 Addresses 

CE Chip Enable 

OE Output Enable 

00-0 7 Outputs 

PGM Program 
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Connection Diagram 

27C512 27C256 27C128 27C64 27C010 
NMC27C020Q 

~7C010 27C64 27C128 
27512 27256 27128 2764 27010 

Dual-In-Line Package 
27010 2764 27128 

Vpp vpp- I 32 f-Vcc Vee 
A16 A16- 2 31 f- PGt.t PGM 

A15 Vpp Vpp Vpp A15 A15- 3 30 f-A17 NC Vee Vee 
A12 A12 A12 A12 A12 A12- 4 29 f-A14 A14 PGM PGM 
A7 A7 A7 A7 A7 A7- 5 28 f-A13 A13 NC A13 
A6 A6 A6 A6 A6 A6- 6 27 -A8 A8 A8 A8 
A5 A5 A5 A5 A5 A5- 7 26 -A9 A9 A9 A9 
A4 A4 A4 A4 A4 A4- 8 25 -All A11 A11 A11 
A3 A3 A3 A3 A3 A3- 9 24 -i5E OE OE OE 
A2 A2 A2 A2 A2 A2- 10 23 -AIO A10 A10 A10 
A1 A1 A1 A1 A1 A,-" 22 -cr CE CE CE 

AO AO AO AO AO Ao- 12 21 -07 07 07 07 
00 00 00 00 00 00- 13 20 f-06 06 06 06 
01 01 01 01 01 01- 14 19 f-05 as as as 
02 02 02 02 02 02- 15 18 f-O" 04 04 04 

GND GND GND GND GND GND- 16 17 f-03 03 03 03 

TL/D/9694-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C020 pins. 

Order Number NMC27C020Q 
See NS Package Number J32AQ 

Commercial Temperature Range (O°C to + 70°C) 
Vee = 5V ± 10% 

Parameter/Order Number Access Time (ns) 

NMC27C0200150 150 

NMC27C0200170 170 

NMC27C0200200 200 

N MC27C0200250 250 

Extended Temperature Range (- 40°C to + 85°C) 
Vee = 5V ± 10% 

Parameter/Order Number Access Time (ns) 

NMC27C0200E170 170 

N MC27C0200E200 200 

NMC27C0200E200 200 

Military Temperature Range (-55°C to + 125°C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C0200M 170 170 

NMC27C0200M200 200 
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27C256 27C512 
27256 27512 

Vee Vee 
A14 A14 
A13 A13 
A8 A8 
A9 A9 

A11 A11 
OE OEIVPF 
A10 A10 

CE/PGM CE 

07 07 
06 06 
as as 
04 04 
03 03 



COMMERCIAL TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -10°Cto +80°C Power Dissipation 1.0W 
I 

Storage Temperature - 65°C to + 150°C Lead Temperature (Soldering. 10 sec.) 300°C 

All Input Voltages except A9 with ESD Rating 
Respect to Ground (Note 10) +6.5Vto -0.6V (Mil Spec 883C. Method 3015.2) 2000V 

All Output Voltages with 
Operating Conditions (Note 7) Respect to Ground (Note 10) Vee+ 1.0V to GND-0.6V 

Vpp Supply Voltage and A9 Temperature Range O°Cto +70°C 
with Respect to Ground Vee Power Supply 5V ±10% 
During Programming + 14.0V to -0.6V 

Vee Supply Voltage with 
Respect to Ground + 7.0V to -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 1 p,A 

ILO Output Leakage Current VOUT = Vee or GND. CE = VIH 1 p,A 

lee1 Vee Current (Active) CE = VIL. f = 5 MHz 
15 30 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL. 1/0 = 0 mA 

lee2 Vee Current (Active) CE = GND. f = 5 MHz 
10 20 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND. I/O = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 100 p,A 

CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 p,A 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -2.5 mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 p,A 0.1 V 

VOH2 Output High Voltage IOH = -10 p,A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C020 

Symbol Parameter Conditions Q150 Q170 Q200 Q250 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 
150 170 200 250 ns 

PGM = VIH 

teE CE to Output Delay OE = VIL. PGM = VIH 150 170 200 250 ns 

tOE OE to Output Delay CE = VIL. PGM = VIH 60 75 75 100 ns 

tOF OE High to Output Float CE = VIL. PGM = VIH 0 50 0 55 0 55 0 60 ns 

teF CE High to Output Float OE = VIL. PGM = VIH 0 50 0 55 0 55 0 60 ns 

tOH Output Hold from Addresses. CE = OE = VIL 
CE or OE. Whichever PGM = VIH 0 0 0 0 ns 
Occurred First 
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MILITARY AND EXTENDED TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, Vee Supply Voltage with 
contact the National Semiconductor Sales Officel Respect to Ground + 7.0V to -0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias Operating Temp. Range Lead Temperature (Soldering, 10 sec.) 300°C 
Storage Temperature - 65°C to + 150°C ESD Rating 
All Input Voltages except A9 with (Mil Spec 883C, Method 3015.2) 2000V 

Respect to Ground (Note 10) + 6.5V to - 0.6V 

All Output Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) Vee + 1.0V to GND-0.6V Temperature Range 

Vpp Supply Voltage and A9 NMC27C0200E120, 150,200 - 40°C to + 85°C 
with Respect to Ground NMC27C0200M150, 200 - 55°C to + 125°C 
During Programming + 14.0V to -0.6V Vee Power Supply 5V ±10% 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 flA 

ILO Output Leakage Current Your = Vee or GND, CE = VIH 10 flA 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
15 30 mA 

(Note 9) TTL Inputs Inputs = VIH or VIL, 1/0 = 0 mA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND, 1/0 = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 100 flA CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 flA 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0040 V 

VOH1 Output High Voltage IOH = -1.6mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 flA 0.1 V 

VOH2 Output High Voltage IOH = 10 flA Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C020Q 

Symbol Parameter Conditions E150 E170, M170 E200, M200 Units 

Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 
150 170 200 ns 

PGM = VIH 

tCE CE to Output Delay OE = VIL, PGM = VIH 150 170 200 ns 

tOE OE to Output Delay CE = VIL, PGM = VIH 60 75 75 ns 

tDF OE High to Output Float CE = VIL, PGM = VIH 0 50 0 55 0 55 ns 

teF CE High to Output Float OE = VIL, PGM = VIH 0 50 0 55 0 55 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever PGM = VIH 0 0 0 ns 
Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

Conditions Typ 

VIN = OV 9 

VOUT = OV 12 

1 TTL Gate and 
CL = 100 pF (Note 8) 

:5:5 ns 

0,45V to 2,4V 

AC Waveforms (Notes 6, 7 & 9) 

Max Units 

15 pF 

15 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

ADDRESSES 2 ADDRESSES VALID 

CE 2V 
O.BV 

OE 2V 
O.BV 

2.0V 
OUTPUT VALID OUTPUT 

O.BV 

0.8Vand 2V 
0.8Vand 2V 

TL/D/9694-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: DE may be delayed up to tAee - toE after the falling edge of CE without impacting tAee. 

Note 4: The tOF and tcF compare level is determined as follows: 
High to TRI-STATE, the measured VOHl (DC) - 0.10V; 
Low to TRI-STATE, the measured VOLl (DC) + 0.10V. 

Note 5: TRI-STATE may be attained using DE or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 /LF ceramic capacitor be used on 
every device between Vee and GND. 

Note 7: The outputs must be restricted to Vee + 1.0V to avoid latch-up and device damage. 

Note 8: 1 TTL Gate: IOL = 1.6 mA, IOH = -400/LA. 
CL: 100 pF includes fixture capacitance. 

Note 9: Vpp may be connected to Vee except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions 

tAS Address Setup Time 

tOES ()E Setup Time 

teEs CE Setup Time 

tos Data Setup Time 

tvps Vpp Setup Time 

tves Vee Setup Time 

tAH Address Hold Time 

tOH Data Hold Time 

tOF Output Enable to Output Float Delay CE = VIL 

tpw Program Pulse Width 

tOE Data Valid from OE CE = VIL 

Ipp Vpp Supply Current During CE = VIL 
Programming Pulse PGM = VIL 

lee Vee Supply Current 

TA Temperature Ambient 

Vee Power Supply Voltage 

Vpp Programming Supply Voltage 

tFR Input Rise, Fall Time 

VIL Input Low Voltage 

VIH Input High Voltage 

tiN Input Timing Reference Voltage 

tOUT Output Timing Reference Voltage 
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Min Typ Max Units 

1 IJ-s 

1 IJ-S 

1 IJ-s 

1 IJ-s 

1 IJ-s 

1 IJ-s 

0 IJ-s 

1 IJ-s 

0 60 ns 

95 100 105 IJ-s 

100 ns 

30 mA 

10 mA 

20 25 30 ·C 

6.0 6.25 6.5 V 

12.5 12.75 13.0 V 

5 ns 

0.0 0.45 V 

2.4 4.0 V 

0.8 1.5 2.0 V 

0.8 1.5 2.0 V 



Programming Waveforms (Note 3) 

PROGRAt.l ----r--- VERIFY ----.! 

HI-Z 

OE 2V 
O.BV 

TlID/9694-4 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 /LF capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings. The Min and Max Limit 
Parameters are DeSign parameters, not Tested or guaranteed. 
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INCREMENT ADDR 

FIGURE 1 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C020 are listed in 
Table I. It should be noted that all inputs for the six modes 
are at TTL levels. The power supplies required are Vee and 
Vpp. The Vpp power supply must be at 12.75V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vee power supply must be at 6.25V dur
ing the three programming modes, and at 5V in the other 
three modes. 

Read Mode 

The N MC27C020 has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tAee) is equal to the delay 
from CE to output (teE)' Data is available at the outputs tOE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAee - tOE' 

The sense amps are clocked for fast access time. Vee 
should therefore be maintained at operating voltage during 
read and verify. If Vee temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C020 has a standby mode which reduces the 
active power dissipation by over 99%, from 110 mW to 
0.55 mW. The NMC27C020 are placed in the standby mode 
by applying a CMOS high signal to the CE input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR-Tying 

Because NMC27C020s are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE be decoded and used as the primary de
vice selecting function, while OE be made a common con
nection to all devices in the array and connected to the 
READ line from the system control bus. This assures that all 
deselected memory devices are in their low power standby 
modes and that the output pins are active only when data is 
desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on the Vpp or A9 pin will damage 
the NMC27C020. 
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Initially, and after each erasure, all bits of the NMC27C020 
are in the "1" state. Data is introduced by selectively pro
gramming "O's" into the desired bit locations. Although only 
"O's" will be programmed, both "1's" and "O's" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27C020 is in the programming mode when the Vpp 
power supply is at 12.75V and OE is at VIH. It is required 
that at least a 0.1 J.lF capacitor be placed across Vpp, Vee 
to ground to suppress spurious voltage transients which 
may damage the device. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 

When the address and data are stable, an active low TTL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C020 is programmed with the Fast 
Programming Algorithm shown in Figure 1. Each address is 
programmed with a series of 100 J.ls pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cells will 
program with a single 100 J.ls pulse. The NMC27C020 must 
not be programmed with a DC signal applied to the PGM 
input. 

Programming multiple NMC27C020s in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the parallel 
NMC27C020s may be connected together when they are 
programmed with the same data. A low level TTL pulse ap
plied to the PGM input programs the paralleled 
NMC27C020s. 

Program Inhibit 

Programming multiple NMC27C020s in parallel with differ
ent data is also easily accomplished. Except for CE, all like 
inputs (including OE and PGM) of the parallel NMC27C020s 
may be common. A TTL low level program pulse applied to 
an NMC27C020 PGM input with CE at VIL and Vpp at 
12.75V will program that NMC27C020. A TTL high level CE 
input inhibits the other NMC27C020s from being pro
grammed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.75V. Vpp must be at 
Vee except during programming and program verify. 

Manufacturer's Identification Code 

The NMC27C020 has a manufacturer's identification code 
to aid in programming. When the device is inserted in an 
EPROM programmer socket, the programmer reads the 
code and then automatically calls up the specific program
ming algorithm for the part. This automatic programming 
control is only possible with programmers which have the 
capability of reading the code. 
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Functional Description (Continued) 

TABLE I. Mode Selection 

Pins CE OE PGM Vpp Vee Outputs 
Mode (22) (24) (31) (1) (32) (13-15,17-21) 

Read VIL VIL VIH Vee 5V DOUT 

Standby VIH Don't Care Don't Care Vee 5V Hi-Z 

Output Disable Don't Care VIH VIH Vee 5V Hi-Z 

Program VIL VIH VIL 12.75V 6.25V DIN 

Program Verify VIL VIL VIH 12.75V 6.25V DOUT 

Program Inhibit VIH Don't Care Don't Care 12.75V 6.25V Hi-Z 

TABLE II. Manufacturer's Identificatiion Code 

Pins 
AO 07 Os Os 04 03 02 01 00 Hex 
(12) (21) (20) (19) (18) (17) (15) (14) (13) Data 

Manufacturer Code VIL 1 0 0 0 1 1 1 1 BF 

Device Code VIH 0 0 0 0 0 1 1 1 07 

The Manufacturer's Identification code, shown in Table II, 4.) Lamps lose intensity as they age. When a lamp is 
specifically identifies the manufacturer and the device type. changed, the distance has changed, or the lamp has aged, 
The code for the NMC27C020 is "BF07", where "SF" desig- the system should be checked to make certain full erasure 
nates that it is made by National Semiconductor, and "07" is occurring. Incomplete erasure will cause symptoms that 
designates a 2 Megabit byte-wide part. can be misleading. Programmers, components, and even 

The code is accessed by applying 12V ± 0.5V to address system designs have been erroneously suspected when in-

pin A9. Addresses A1-AB, A10-A17, and all control pins complete erasure was the problem. 

are held at VIL. Address pin AO is held at VIL for the manu- SYSTEM CONSIDERATION 
facturer's code, and held at VIH for the device code. The 

The power switching characteristics of EPROMs require 
code is read on the eight data pins, 00-07. Proper code 
access is only guaranteed at 25°C ± 5°C. 

careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de-

ERASURE CHARACTERISTICS signer)-the standby current level, the active current level, 

The erasure characteristics of the NMC27C020 are such and the transient current peaks that are produced by volt-

that erasure begins to occur when exposed to light with age transitions on input pins. The magnitude of these tran-

wavelengths shorter than approximately 4000 Angstroms sient current peaks is dependent on the output capacitance 

(A). It should be noted that sunlight and certain types of loading the device. The associated Vee transient voltage 

fluorescent lamps have wavelengths in the 3000A-4000A peaks can be suppressed by properly selected decoupling 

range. capacitors. It is recommended that at least a 0.1 #-LF ceramic 

After programming, opaque labels should be placed over 
capacitor be used on every device between Vee and GND. 

the NMC27C020 window to prevent unintentional erasure. 
This should be a high frequency capacitor of low inherent 

Covering the window will also prevent temporary functional 
inductance. In addition, at least a 4.7 #-LF bulk electrolytic 

failure due to the generation of photo currents. 
capacitor should be used between Vee and GND for each 
eight devices. The bulk capacitor should be located near 

The recommended erasure procedure for the NMC27C020 where the power supply is connected to the array. The pur-
is exposure to short wave ultraviolet light which has a wave- pose of the bulk capacitor is to overcome the voltage drop 
length of 2537 Angstroms (A). The integrated dose (Le., UV caused by the inductive effects of the PC board traces. 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. TABLE III. NMC27C020 

The NMC27C020 should be placed within 1 inch of the lamp Minimum Erasure Time 

tubes during erasure. Some lamps have a filter on their Light Intensity Erasure Time 
tubes which should be removed before erasure. Table III (Micro-Watts/cm2) (Minutes) 
shows the minimum NMC27C020 erasure time for various 
light intensities. 15,000 20 

An erasure system should be calibrated periodically. The 10,000 25 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 5,000 50 

distance is doubled the erasure time increases by a factor of 
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~National 
~ Semiconductor 

PRELIMINARY 

NMC27C2048 
2,097, 1S2-Bit (128k x 16) UV Erasable CMOS PROM 

General Description 
The NMC27C2048 is a high-speed 2048k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C2048 is designed to operate with a single + 5V 
power supply with ± 10% tolerance. The CMOS design al
lows the part to operate over extended and military temper
ature ranges. 

The NMC27C2048 is packaged in a 40-pin dual-in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. 

Block Diagram 

Features 
• Clocked sense amps for fast access time down 

to 150 ns 
• Low CMOS power consumption 

- Active Power: 110 mW max 
- Standby Power: 550 p.W max 

• Performance compatible to 16-bit and 32-bit 
microprocessors 

• Single 5V power supply 
• Extended temperature range (NMC27C20480E), -40°C 

to + 85°C, and military temperature range 
(NMC27C20480M), - 55°C to + 125°C, available 

• Pin compatible with NMOS wordwide 2048k EPROMs 
• Fast and reliable programming (100 p.s for most bytes) 
• Static operation-no clocks required 
• TIL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Optimum EPROM for total CMOS systems 
• Manufacturer's identification code for automatic pro

gramming control 
• High current CMOS level output drivers 

Vee <>--+ 
GND <>--+ 
v" 0---+ 

DATA OUTPUTS 00-015 

AD-A16 
ADDRESS 

INPUTS 

OUTPUT 
BUFFERS 

Y GATING 

2.097.152 BIT 
CELL MATRIX 
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Pin Names 

AO-A16 Addresses 

CE Chip Enable 

OE Output Enable 

00-0 15 Outputs 

PGM Program 

NC No Connect 
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Connection Diagram 

NMC27C2048Q 
27Cl024 Dual-In-Llne Package 27Cl024 
271024 '-./ 271024 

Vpp Vpp- 1 40l-Vee Vee 

CE CE-2 39 I-PGt.4 PGt.4 

°lS 0lS- 3 381-A16 NC 

°14 014- 4 371-A1S A1S 

°13 013- 5 36 -A14 A14 

°12 012- 6 35 -A13 A13 

°11 011- 7 34 -A12 A12 

°10 010- 8 33 -A11 All 

09 09- 9 32 -A10 A10 

°8 °8- 10 31 -A9 A9 

GND GND- 11 30 ~GND GND 

°7 °7- 12 29 -A8 A8 

06 °6- 13 28 ~A7 A7 

Os °s- 14 27 ~A6 A6 

°4 °4- 15 261- As As 

03 °3- 16 251-A4 A4 

°2 °2- 17 241- A3 A3 

°1 °1- 18 231-A2 A2 

00 °0- 19 221-Al Al 

5E 5E- 20 21 I-Ao Ao 
TL/D/9695-2 

Order Number NMC27C2048Q 
See NS Package Number J40AQ 

Note: National's socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C2048Q pins. 

Commercial Temp Range (O"C to + 70°C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC27C2048Q150 150 

NMC27C2048Q170 170 

NMC27C2048Q200 200 

NMC27C2048Q250 250 

Vee = 5V ± 10% Extended Temperature Range 
( - 40°C to + 85°C) 

Parameter/Order Number Access Time (ns) 

NMC27C2048QE170 170 

NMC27C2048QE200 200 

NMC27C2048QE200 200 

Vee = 5V ± 10% Military Temperature Range 
( - 55°C to + 125°C) 

Parameter/Order Number Access Time (ns) 

NMC27C2048QM170 170 

N MC27C2048QM200 200 
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COMMERCIAL TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -10°Cto +80°C Power Dissipation 1.0W 

Storage Temperature - 65°C to + 150°C Lead Temperature (Soldering, 10 sec.) 300°C 

All Input Voltages except A9 with ESD Rating 
Respect to Ground (Note 10) + 6.5V to - 0.6V (Mil Spec 883C, Method 3015.2) 2000V 

All Output Voltages with 
Operating Conditions (Note 7) Respect to Ground (Note 10) Vee+ 1.0V to GND-0.6V 

Vpp Supply Voltage and A9 Temperature Range O°Cto +70°C 
with Respect to Ground Vee Power Supply +5V ±10% 
During Programming + 14.0V to - 0.6V 

Vee Supply Voltage with 
Respect to Ground +7.0Vto -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 0.01 1 p.A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 0.01 1 p.A 

lee1 Vee Current (Active) CE = VIL, f = 5 MHz 
15 30 mA (Note 9) TTL Inputs Inputs = VIH or VIL, 110 = 0 rnA 

lee2 Vee Current (Active) CE = GND, f = 5 MHz 
10 20 mA 

(Note 9) CMOS Inputs Inputs = Vee or GND, 110 = 0 mA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 mA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 
0.5 100 p.A 

CMOS Inputs 

Ipp Vpp Load Current Vpp = Vee 10 p.A 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 2.1 mA 0.40 V 

VOH1 Output High Voltage IOH = -2.5 mA 3.5 V 

VOL2 Output Low Voltage IOL = 10 p.A 0.1 V 

VOH2 Output High Voltage IOH = -10 p.A Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C2048 

Symbol Parameter Conditions Q150 Q170 Q200 Q250 Units 

Min Max Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 
150 170 200 250 ns 

PGM = VIH 

teE CE to Output Delay OE = VIL, PGM = VIH 150 170 200 250 ns 

tOE OE to Output Delay CE = VIL, PGM = VIH 60 75 75 100 ns 

tOF OE High to Output Float CE = VIL, PGM = VIH 0 50 0 55 0 55 0 60 ns 

teF CE High to Output Float OE = VIL, PGM = VIH 0 50 0 55 0 55 0 60 ns 

tOH Output Hold from Addresses, CE = OE = VIL 
CE or OE, Whichever PGM = VIH 0 0 0 0 ns 
Occurred First 
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MILITARY AND EXTENDED TEMPERATURE RANGE 

Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Vee Supply Voltage with 
contact the National Semiconductor Sales Office/ Respect to Ground + 7.0V to -0.6V 
Distributors for availability and specifications. Power Dissipation 1.0W 
Temperature Under Bias Operating Temp. Range Lead Temperature (Soldering. 10 sec.) 300°C 
Storage Temperature -65°C to + 150°C ESD Rating 
All Input Voltages except A9 with (Mil Spec 883C. Method 3015.2) 2000V 

Respect to Ground (Note 10) + 6.5V to - 0.6V 

All Output Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) Vee + 1.0V to GND-0.6V Temperature Range 

Vpp Supply Voltage and A9 NMC27C20480E120. 150. 200 - 40°C to + 85°C 
with Respect to Ground NMC27C20480M150.200 - 55°C to + 125°C 
During Programming + 14.0V to - 0.6V Vee Power Supply +5V ±10% 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

III Input Load Current VIN = Vee or GND 10 !LA 

ILO Output Leakage Current VOUT = Vee or GND. CE = VIH 10 !LA 

lee1 Vee Current (Active) CE = VIL. f = 5 MHz 
15 30 rnA 

(Note 9) TTL Inputs Inputs = VIH or VIL. 1/0 = 0 rnA 

lee2 Vee Current (Active) CE = GND. f = 5 MHz 
10 20 rnA 

(Note 9) CMOS Inputs Inputs = Vee or GND. 1/0 = 0 rnA 

leeSB1 Vee Current (Standby) CE = VIH 
0.1 1 rnA 

TTL Inputs 

leeSB2 Vee Current (Standby) CE = Vee 0.5 100 !LA CMOS Inputs 

Ipp V pp Load Current Vpp = Vee 10 !LA 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 • Output Low Voltage IOL = 2.1 rnA 0.40 V 

VOH1 Output High Voltage IOH = -1.6 rnA 3.5 V 

VOL2 Output Low Voltage IOL = 10 !LA 0.1 V 

VOH2 Output High Voltage IOH = -10 !LA Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C2048Q 

Symbol Parameter Conditions E150 E170, M170 E200, M200 Units 

Min Max Min Max Min Max 

tAee Address to Output Delay CE = OE = VIL 
150 170 200 ns 

PGM = VIH 

tCE CE to Output Delay OE = VIL. PGM = VIH 150 170 200 ns 

tOE OE to Output Delay CE = VIL. PGM = VIH 60 75 75 ns 

tOF OE High to Output Float CE = VIL. PGM = VIH 50 0 55 0 55 ns 

tCF CE High to Output Float OE = VIL. PGM = VIH 0 50 0 55 0 55 ns 

tOH Output Hold from Addresses. CE = OE = VIL 
CE or OE. Whichever PGM = VIH 0 0 0 ns 
Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 2) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 
Input Pulse Levels 

Conditions Typ 

VIN = OV 12 

VOUT = OV 13 

1 TTL Gate and 
CL = 100 pF (Note 8) 

::;:5 ns 

0.45V to 2.4V 

AC Waveforms (Notes 6,7, & 9) 

Max Units 

20 pF 

20 pF 

Timing Measurement Reference Level 
Inputs 
Outputs 

ADDRESSES ADDRESSES VALID 

2V 
O.BV 

2V 
O.BV 

2.0V HI-Z 
OUTPUT --I--~~~~_....:!V~AL~ID~OU!!T~PU!!T~iS-___ ~~m 

O.SV 
tACC 

(NOTE 3) 

O.SV and 2V 
O.SV and 2V 

TL/O/9695-3 

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

Note 2: This parameter is only sampled and is not 100% tested. 

Note 3: OE may be delayed up to tAee - toE aiter the falling edge of CE without impacting tAee. 

Note 4: The tOF and tcF compare level is determined as follows: 
High to TRI-STATE. the measured VOHI (DC) - 0.10V; 
Low to TRI-STATE. the measured Vall (DC) + 0.10V. 

Note 5: TRI-STATE may be attained using oe: or CE. 
Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 /LF ceramic capacitor be used on 
every device between Vee and GND. 

Note 7: The outputs must be restricted to Vee + 1.0V to avoid latch-up and device damage. 

Note 8: 1 TIL Gate: IOL = 1.6 mAo IOH = - 400 /LA. 
CL: 100 pF includes fixture capacitance. 

Note 9: Vpp may be connected to Vee except during programming. 

Note 10: Inputs and outputs can undershoot to -2.0V for 20 ns Max. 
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Programming Characteristics (Notes 1,2,3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 1 ,...s 

tOES OE Setup Time 1 ,...s 

teEs CE Setup Time OE = VIH 1 ,...s 

tos Data Setup Time 1 ,...s 

tvps Vpp Setup Time 1 ,...s 

tves Vee Setup Time 1 ,...s 

tAH Address Hold Time 0 ,...s 

tOH Data Hold Time 1 ,...s 

tOF Output Enable to Output Float Delay CE = VIL 0 60 ns 

tpw Program Pulse Width 95 100 105 ,...s 

tOE Data Valid from OE CE = VIL 100 ns 

Ipp Vpp Supply Current During CE = VIL 30 mA 
Programming Pulse PGM = VIL 

lee Vee Supply Current 10 mA 

TA Temperature Ambient 20 25 30 DC 

Vee Power Supply Voltage 6.0 6.25 6.5 V 

Vpp Programming Supply Voltage 12.5 12.75 13.0 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Programming Waveforms (Note 3) 

i-PROGRAM P~~~I~M_ 

ADDRESSES D ADDRESS N K -
~ l'AH I-

DATA~ DATA IN STABLE Hi-Z DATA OUT VAUD I--ADD N ADD N .,.. 

~ ~ i---o IDr 

Vcc 
6.CV 

Iyes 

v ~ pp ~ 

CE C.SY 

I+_JCES .... 

PGi.l 2Y 
C.SY 

Iw 

I- IcES1 i--IcE-<O 

Ir---
OE 2Y , 

) C.SY 

TL/D/9695-4 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 
Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 ,...F capacitor is required across VPP. Vee to GND to suppress 
spurious voltage transients which may damage the device. 
Note 4: Programming and program verify are tested with the fast Program Algorithm. at typical power supply voltages and timings. The Min and Max Limit 
Parameters are Design parameters, not Tested or guaranteed. 

1-196 



Fast Programming Algorithm Flow Chart 

INCREMENT ADDR 

TL/D/9695-5 

FIGURE 1 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27C2048 are listed 
in Table I. It should be noted that all inputs for the six modes 
are at TIL levels. The power supplies required are Vcc and 
Vpp. The Vpp power supply must be at 12.75V during the 
three programming modes, and must be at 5V in the other 
three modes. The Vcc power supply must be at 6.25V dur
ing the three programming modes, and at 5V in the other 
three modes. 

Read Mode 

The NMC27C2048 has two control functions, both of which 
must be logically active in order to obtain data at the out
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tACe) is equal to the delay 
from CE to output (teE). Data is available at the outputs tOE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tACC-tOE. 

The sense amps are clocked for fast access time. Vec 
should therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec. 
voltage (but not to ground) an address transition must be 
performed after the drop to ensure proper output data. 

Standby Mode 

The NMC27C2048 has a standby mode which reduces the 
active power dissipation by over 99%, from 110 mW to 0.55 
mW. The NMC27C2048 is placed in the standby mode by 
applying a CMOS high signal to the CE input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR· Tying 

Because NMC27C2048s are usually used in larger memory 
arrays, National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom
mended that CE (pin 2) be decoded and used as the primary 

device selecting function, while OE (pin 20) be made a com
mon connection to all devices in the array and connected to 
the READ line from the system control bus. This assures 
that all deselected memory devices are in their low power 
standby modes and that the output pins are active only 
when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14Von the Vpp or A9 pin will damage 
the NMC27C2048. 

Initially, and after each erasure, all bits of the NMC27C2048 
are in the "1" state. Data is introduced by selectively pro
gramming "O's" into the desired bit locations. Although only 
"O's" will be programmed, both "1 's" and "O's" can be pre
sented in the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

The NMC27C2048 is in the programming mode when the 
Vpp power supply is at 12.75V and OE is at VIH. It is re
quired that at least a 0.1 p.F capacitor be placed across 
Vpp, Vec to ground to suppress spurious voltage transients 
which may damage the device. The data to be programmed 
is applied 16 bits in parallel to the data output pins. The 
levels required for the address and data inputs are TIL. 

When the address and data are stable, an active low, TIL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro
grammed. The NMC27C2048 is programmed with the Fast 
Programming Algorithm shown in Figure 1. Each Address is 
programmed with a series of 100 ns pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cell will 
Program with a single 100 ns pulse. The NMC27C2048 
must not be programmed with a DC signal applied to the 
PGM input. 

Programming multiple NMC27C2048s in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the parallel 
NMC27C2048s may be connected together when they are 
programmed with the same data. A low level TIL pulse ap
plied to the PGM input programs the paralleled 
NMC27C2048s. 

TABLE I. Mode Selection 

Pins CE OE PGM Vpp Vee Outputs 

Mode (2) (20) (39) (1) (40) (3-10,12-19) 

Read VIL VIL VIH Vee 5V DOUT 

Standby VIH Don't Care Don't Care Vee 5V Hi-Z 

Output Disable Don't Care VIH VIH Vee 5V Hi-Z 

Program VIL VIH VIL 12.75V 6.25V DIN 

Program Verify VIL VIL VIH 12.75V 6.25V DOUT 

Program Inhibit VIH Don't Care Don't Care 12.75V 6.25V Hi-Z 
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Functional Description (Continued) 

---------Program Inhibit 

Programming multiple NMC27C2048s in parallel with differ
ent data is also easily accomplished. Except for CE all like 
inputs (including OE and PGM) of the parallel NMC27C2048 
may be common. A TTL low level program pulse applied to 
an NMC27C1024's PGM may be common. A TTL low level 
program pulse applied to an NMC27C1024s PGM input with 
CE at VIL and Vpp at 12.75V will program that 
NMC27C2048. A TTL high level CE input inhibits the other 
NMC27C2048s from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.5V. Except during 
programming and program verify, Vpp must be at Vee. 

Manufacturer's Identification Code 

The NMC27C2048 has a manufacturer's identification code 
to aid in programming. When the device is inserted in an 
EPROM programmer socket, the programmer reads the 
code and then automatically calls up the specific program
ming algorithm for the part. This automatic programming 
control is only possible with programmers which have the 
capability of reading the code. 

The Manufacturer's Identification code, shown in Table II, 
specifically identifies the manufacturer and the device type. 
The code for the NMC27C2048 is "8F57", where "8F" des
ignates that it is made by National Semiconductor, and "57" 
designates a 2 Meg part. 

The code is accessed by applying 12V ± 0.5V to address 
pin A9. Addresses A 1-A8, A 1 O-A 16, and all control pins 
are held at VIL. Address pin AO is held at VIL for the manu
facturer's code, and held at VIH for the device code. The 
code is read on the lower eight data pins, 00-07. Proper 
code access is only guaranteed at 25°C ± 5°C. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C2048 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. 

After Programming 

Opaque labels should be placed over the NMC27C2048s 
window to prevent unintentional erasure. Covering the win-

dow will also prevent temporary functional failure due to the 
generation of photo currents. 

The recommended erasure procedure for the NMC27C2048 
is exposure to short wave ultraviolet light which has a wave
length of 2537 Angstroms (A). The integrated dose (Le., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 

The NMC27C2048 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C2048 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed, or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

SYSTEM CONSIDERATION 
The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system de
signer-the standby current level, the active current level, 
and the transient current peaks that are produced by volt
age transitions on input pins. The magnitude of these tran
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vee transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 J.LF ceramic 
capacitor be used on every device between Vee and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 J.LF bulk electrolytic 
capacitor should be used between Vee and GND for each 
eight devices. The bulk, capacitor should be located near 
where the power supply is connected to the array. The pur
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins 

Manufacturer Code 

Device Code 

AO 07 Os 
(21) (12) (13) 

Os 
(14) 

o 
o 

04 03 02 
(15) (16) (17) 

o 1 1 

1 0 1 

TABLE III. Minimum NMC27C2048 Erasure Time 

Light Intensity 
(Micro-Watts/cm2) 

15,000 

10,000 

5,000 
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Erasure Time 
(Minutes) 

20 

25 

50 

01 00 Hex 
(18) (19) Data 

1 1 8F 

1 1 57 
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~National 
D Semiconductor 

FLASH EPROM and EEPROM 
(Technology Overview) 

The FLASH EPROMs and FLASH EEPROMs are built using an EPROM-like process and design approach and are manufac
tured on National's 1,S/J- CMOS process. FLASH technology utilizes a double-poly single metal floating gate with an oxide 
thickness of 2ooA, which permits programming via hot electron injection and erasure thru Fowler-Nordheim tunneling (Figure 1). 

Programming Via Hot Electron Injection 
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0

A 
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FIGURE 1 
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Erasure Via Tunneling 

OV 
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........... ~ 12V 

. .................................. . 

TL/XX/0065-2 

The cell structure shown consists of 1.ST per cell and is achieved by the merging of the bit selection and the floating gate 
transistor, as shown in Figure 2. The half transistor which is the bit selection transistor acts as an enhancement device and 
allows for the selection of the desired column in the array regardless of whether the floating gate is in the depletion or non-de
pletion mode. 

COLUMN LINE 

), _,1-

BIT SELECTION 
TRANSISTOR 

FIGURE 2 

2-3 

COLUMN LINE 

ROW LINE 

ROW LINE 

TL/XX/0065-3 

"T1 

> en :c 
m 
"a 
:::a o 
== I» ::s 
Co 
m 
m 
"a 
:::a o 
== 
~ 
n 
:::r' 
::s 
o 
0' 
cc 
'< 
o 
< 
CD 

< CD" 
~ 

• 



== CI) 

. ~ 
Q) 

> o 
~ 
en 
o 
'0 
c 
.c 
u 
{!!. 
:E o a: 
a.. 
w 
w 
"C 
c 
as 
:E o a: 
a.. 
w 
::r::: 
CJ) 

5 
LL. 

This unique cell structure permits uniform erasure over the entire array thereby enabling the device to perform to specifications . 
This cell structure also allows the FLASH memory devices from National Semiconductor to erase over a wide voltage range and 
erase time as compared to other cell structures. 

An additional benefit offered by this cell structure is the ability to achieve higher endurance. As shown in Figure 3 the program· 
ming characteristics on the FLASH 1.5T devices are the same as those seen in UV·EPROMs. In the erase mode however, the 
floating gate exhibits a depletion characteristic though the cell exhibits a constant threshold voltage regardless of the number of 
the program/erase cycles. This is achieved by the enhancement characteristics of the bit selection transistor. 

I'ST PROGRAM THRESHOLD VOLTAGE 

ERASURE THRESHOLD VOLTAGE 
OF THE CELL 

o~-------------------------------------------
- PROGRAM/ERASE CYCLES 

l' ST ERASURE THRESHOLD VOLTAGE 
OF THE FLOATING GATE 

FIGURE 3 
TL/XX/0065-4 

With these benefits and the ability of this technology to achieve die sizes and hence densities comparable to UV·EPROMs, while 
offering the on-board or in-system program/erase features of EEPROMs, it is not surprising that FLASH is being considered for 
numerous new designs and applications. 
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~National 
~ Semiconductor 

ADVANCE INFORMATION 

NMC48F512 
524,288-Bit (64k x 8) CMOS FLASH EEPROM 

General Description 
The NMC48F512 is a high speed electrically erasable and 
programmable read only memory, ideal for on-line, in-sys
tem firmware modifications. The NMC 48F512 combines the 
electrical programmability feature of UV-EPROMs with a 
fast electrical sector/chip erase feature of EEPROMs. The 
whole array of the NMC48F512 can be electrically erased in 
7.5 seconds (max) compared to the typical 15-20 minutes 
erase time required by conventional UV-EPROMs. 

The NMC48F512 is equipped with on-chip address and data 
latches and, an on-board timer which allows the host CPU 
to perform program and erase operations with minimum 
width instruction cycles, without using wait states. The add
ed benefit of the on-chip integration is to enable the CPU to 
perform other tasks during the program/erase operations. 
The NMC48F512 is housed in a 32-pin windowless dual-in
line package allowing for easy upgradeability to 4 Mbit. 

The fast access times of 200 ns and the low active and 
standby power consumption of the NMC48F512 make it an 
ideal memory for most high performance systems. 

The NMC48F512 is manufactured using National's proprie
tary time proven CMOS double-polysilicon gate technology 
which combines high performance and high density with low 
power consumption and excellent reliability. 

Block Diagram 

Vee 0---+ 
GND 0---+ 

Vpp 0---+ 

AO-A15 
ADDRESS 

INPUTS 

CONTROL 
LOGIC 

y 
DECODER 

• 
• 

Features 
• In-circuit program/erase 

- 512-byte sector and chip program/erase 
-7.5 seconds (max) erase time 
- 200 JLs (typ) byte program time 

• 12V-13V Vpp for program/erase 
• Designed for total on-line operation 

- Internal address and data latches 
- On-chip program/erase timer 

• Low CMOS power consumption 
- Active power: 275 mW max 
- Standby power: 0.55 mW max 

• Fast access time: 200 ns 
• 32-pin JEDEC approved pinout 

- Upgrade path to 4 Mbit 
• Minimum endurance of 100 program! erase cycles 
• Program/erase at O°C to + 70°C 
• 10 year data retention 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATE® output pins 

Pin Names 

AO-A15 Addresses 

CE Chip Enable 

OE Output Enable 

WE Write Enable 
Y GATING 

1/00-1/ 0 7 Input/Output 

NC No Connect 

X 524.288 - BIT • DECODER CELL MATRIX 

• 
• 

TLID/9705-1 
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Connection Diagram 

FLASH EEPROM 

4 Mblt 2 Mblt 1 Mblt NMC48F512 1 Mblt 2 Mblt 4 Mblt 

A1S Vpp Vpp Vpp- 1 32 -Vee Vee Vee Vee 
A1S A1S A1S NC- 2 31 -WE WE WE WE 

A1S A1S A1S A15- 3 30 ~NC NC A17 A17 

A12 A12 A12 A12- 4 29 ~A14 A14 A14 A14 

A7 A7 A7 A7- 5 28 ~A13 A13 A13 A13 

As As As A6- 6 27 ~A8 As As As 

As As As A5- 7 26 ~A9 Ag Ag Ag 

A4 A4 A4 A4- 8 25 -All A11 A11 A11 

A3 A3 A3 A3- 9 24 -ru: OE OE OE 

A2 A2 A2 A2- 10 23 -Al0 A10 A10 A10 

A1 A1 A1 A1- 11 22 -cr CE CE CE 

Ao Ao Ao Ao- 12 21 -1/°7 1/07 1/07 1/07 

1/00 1/00 1/00 1/°0- 13 20 -I/Os I/0s I/0s I/0s 

1/01 1/01 1/01 1/°1- 14 19 -1/°5 1/05 1/05 1/05 

1/02 1/02 1/02 1/°2- 15 18 ~1/04 1/04 1/04 1/04 

GND GND GND GND- 16 17 ~1/03 1/03 1/03 1/03 

TL/D/9705-2 

Note: Socket compatible EEPROM pin configurations are shown in the blocks adjacent to the NMC48F512 pins. 

Order Number NMC48F512 

Commercial Temp Range (O°C to + 70°C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC48F512N200 200 

NMC48F512N250 250 

NMC48F512N300 300 

Extended Temp Range ( - 40°C to + 85°C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC48F512NE250 250 

NMC48F512NE300 300 

Military Temp Range (-55°C to + 125°C) 
Vee = 5V ±10% 

Parameter/Order Number Access Time (ns) 

NMC48F512NM300 300 
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Access Cycle Power Power Dissipation Packaging 

Operating Part 
Capacity Organization Time Time Supply Active Standby Temperature Number 

DIP SO (ns) (ns) (V) (rnA) (}.LA) 

CMOS EEPROM fCl 256-Bit 16 x 16 NMC93C06 
500 500 +5 2 50 8 14 3!:r. Serial NMC93CS06* -·0 

512-Bit 32x 16 NMC93C26 
500 500 +5 2 50 8 14 8~ Serial NMC93CS26* ::le!. 

1024-Bit 64x 16 NMC93C46 
500 500 +5 2 50 8 14 Q; 

Serial NMC93CS46* 

m C 
400 (') 128x 8 NMC98C10 300 

+5 10 100 18 20 m a-Parallel NMC98C10-1 180 280 
C,E,M "tJ 

~ ... 2048-Bit 128 x 16 NMC93C56 
500 500 +5 2 50 8 14 0 Serial NMC93CS56* 

256x8 NMC98C20 300 400 s: 
+5 10 100 18 20 

Parallel NMC98C20-1 180 280 en 
c.J 
Cu 

CD 
4096-Bit 256 x 16 NMC93C66 

500 500 +5 2 50 8 14 CD Serial NMC93CS66* 
() ..... 512x8 NMC98C40 300 400 

100 18 20 
_. 

+5 10 0 Parallel NMC98C40-1 180 280 ::l 
NMOS EEPROM c;) 

256-Bit NMC9306 2 4 10 3 8 14,8 
C,E,M C _. 

16 x 16 NMC9307 2 4 +5 10 3 8 Co 
NMC9313B 2 5 15 5 8 C CD 

1024-Bit 
64x 16 

NMC9346 2 4 
+5 

12 3 8 14,8 C,E,M 

NMC9314B 2 5 17 5 8 C 

'On chip write protection circuitry Temperature Ranges 

C = QOC to +7QoC 
E = -4QoC to +85°C 
M = -55°C to + 125°C 

ap!n~ uO!loalas WOl::ld33 
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~National 
~ Semiconductor 
NMC9306 256-Bit Serial Electrically Erasable 
Programmable Memory 
General Description 
The NMC9306 is a 256-bit non-volatile sequential access 
memory fabricated using advanced floating gate N-channel 
E2PROM technology. It is accessed via the simple 
MICROWIRETM serial interface and is designed for data 
storage and/or timing applications. The device contains 256 
bits of read/write memory divided into 16 registers of 16 bits 
each. Each register can be serially read or written by a 
COP400 series controller. Written information is stored in a 
floating gate cell with at least 10 years data retention and 
can be updated by an erase-write cycle. The NMC9306 has 
been designed to meet applications requiring up to 4 x 104 

erase/write cycles per register. A power down mode reduc
es power consumption by 70 percent. 

Block Diagram 

vpp ~VCC 

r----t 
GENERATOR 

I'" 

1 VPP 

~ 
~ DECODER ~ 

E2PROM 
256 BITS 

~ 
1/16 (16x 16) 

fa l6 

ADDRESS R/WAMPS t LATCHES 
I 

4 
l6 

DATA ...... REGISTER 
(17 BITS) eLK ..L-

I 

4 INSTRUCTION 
I.,!. REGISTER CLK 

~ (9 BITS) 

J: 
~ I-

INSTRUCTION ~ 

DECODE. 
CONTROL 

AND 
CS CLOCK 

GENERATDRS 

SK ~ 

Features 
• Low cost 
• Single supply operation (5V ± 10%) 

• TTL compatible 
• 16 x 16 serial read/write memory 
• MICROWIRE compatible serial I/O 
• Compatible with COP400 processors 
• Low standby power 
• Non-volatile erase and write 
• Reliable floating gate technology 
• 40,000 erase/write cycles typical 

Pin Names 

CS Chip Select 

SK Serial Data Clock 

01 Serial Data Input 

.100- DO DO Serial Data Output 

Vee Power Supply 

GND Ground 

TL/D/5029-1 
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Connection Diagram 

14-Pln 
Dual-ln-L1ne Package (N) so Package (M) 

CS-1 u • r-VCC NC- 1 14 r- NC 

cs- 2 13 ~Vcc 
SK- 2 7 -NC 

SK- 3 12 ~NC 

01- 3 I-NC 
NC- 4 11 ~NC 

01- 5 10 r-NC 

00- 4 5 I--GNO 00- I I r-GND 

NC- 7 • ~NC 
TL/D/5029-10 

Top View 

See NS Package Number NOSE 

Ordering Information 

TL/D/5029-12 

Top View 

See NS Package Number M14B 

Commercial Temperature Range (O°C to + 70°C) 
Vee = 5V ± 10% 

Order Number 

NMC9306N 
NMC9306M 
NMC9306M8 

Device Marking 

NMC9306N 
9306M14 

9306 

Extended Temperature Range (- 40°C to + S5°C) 
Vee = 5V ± 10% 

Order Number 

NMC9306EN 
NMC9306EM 

NMC9306EM8 

Device Marking 

NMC9306EN 
9306EM14 

9306E 

Military Temperature Range (-55°C to + 125°C) 
Vee = 5V ± 10% 

Order Number 

NMC9306MN 
NMC9306MM 

NMC9306MM8 

3-5 

Device Marking 

NMC9306MN 
9306MM14 

9306M 

S-Pln 
SO Package (MS) 

CS08 VCC 
SK 2 7 HC 

01 3 6 HC 

DO 4 5 GHD 

TL/D/5029-11 

Top View 

See NS Package Number MOSA 
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Absolute Maximum Ratings Operating Conditions 
Voltage Relative to GNO +6Vto -0.3V Ambient Operating Temperature 

Ambient Storage Temperature - 65°C to + 125°C NMC9306/COP494 O°Cto +70°C 

Lead Temperature 
NMC9306E -40°C to +85°C 

(Soldering, 10 seconds) 300°C 
NMC9306M* - 55°C to + 125°C 

ESO rating 2000V 
Positive Supply Voltage 4.5Vto 5.5V 

Note: Stresses above those listed under "Absolute Maxi-
mum 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 indicat-
ed in the operational sections of this specification is not 
implied Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

Electrical Characteristics Vee = 5V ± 10% unless otherwise specified 

Parameter Part Number Conditions Min Typ Max Units 

Operating Voltage (Vee> NMC9306, NMC9306E, 
4.5 5.5 V 

NMC9306M* 

Operating Current (lee1) NMC9306 Vee = 5.5V, CS = 1 10 mA 

NMC9306E Vee = 5.5V, CS = 1 12 mA 

NMC9306M Vee = 5.5V, CS = 1 14 mA 

Standby Current (lee2) NMC9306 Vee = 5.5V, CS = 0 3 mA 

NMC9306E Vee = 5.5V, CS = 0 4 mA 

NMC9306M Vee = 5.5V, CS = 0 5 mA 

Input Voltage Levels 
VIL NMC9306 -0.1 0.8 V 
VIH 2.0 Vee + 1 V 

VIL NMC9306E -0.1 0.8 V 
VIH 2.0 Vee + 1 V 

VIL NMC9306M -0.1 0.8 V 
VIH 2.0 Vee + 0.5 V 

Output Voltage Levels NMC9306, NMC9306E, 
VOL NMC9306M IOL = 2.1 mA 0.4 V 
VOH IOH = -400 J-LA 2.4 V 

Input Leakage Current NMC9306, NMC9306E, VIN = 5.5V 10 J-LA NMC9306M 

Output Leakage Current NMC9306, NMC9306E, VOUT = 5.5V, CS = 0 
10 J-LA NMC9306M 

SK Frequency NMC9306 0 250 kHz 
SK HIGH TIME tSKH (Note 2) 1 J-Ls 
SK LOW TIME tSKL (Note 2) 1 J-Ls 

SK Frequency NMC9306E 0 kHz 
SK HIGH TIME tSKH (Note 2) 1 250 J-Ls 
SK LOW TIME tSKL (Note 2) 1 J-Ls 

SK Frequency NMC9306M 0 200 kHz 
SK HIGH TIME tSKH (Note 2) 2 J-Ls 
SK LOW TIME tSKL (Note 2) 1 J-Ls 

Input Set-up and Hold Times NMC9306, NMC9306E, 
CS tess NMC9306M 0.2 J-Ls 

tesH 0 J-Ls 
01 tOIS 0.4 J-Ls 

tOIH 0.4 J-Ls 

Output Delay NMC9306, NMC9306E, CL = 100 pF 
DO tp01 NMC9306M VOL = 0.8V, VOH = 2.0V 2 J-Ls 

tpoo VIL = 0.45V, VIH = 2.4V 2 J-Ls 

Erase/Write Pulse Width NMC9306, NMC9306E, 
10 30 ms 

(tE/W) (Note 1) NMC9306M 

'Throughout this table, "MOO refers to temperature range (-55'C to + 125'C), not package. 
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Electrical Characteristics Vee = 5V ± 10% unless otherwise specified (Continued) 

Parameter Part Number Conditions Min Typ Max Units 

CS Low Time 
(tes) (Note 3) 

NMC9306, NMC9306E, 
NMC9306M jJ.s 

Endurance NMC9306, NMC9306E, 
NMC9306M 

Data Changes 
Per Bit 40,000 Cycles 

Note 1: tE/W measured to rising edge of SK or CS, whichever occurs last. 

Note 2: The SK frequency spec. specifies a minimum SK clock period of 4 ""S, therefore in an SK clock cycle, tSKH + tSKL must be greater than or equal to 4 ,,"5. 

e.g. if tSKL = 1 ""S then the minimum tSKH = 3 ""S in order to meet the SK frequency specification. 

Note 3: CS must be brought low for a minimum of 1 ,,"5 (les) between consecutive instruction cycles. 

Functional Description 
The NMC9306 is a small peripheral memory intended for 
use with COPSTM controllers and other non-volatile memory 
applications. Its organization is sixteen registers and each 
register is sixteen bits wide. The input and output pins are 
controlled by separate serial formats. Seven 10-bit instruc
tions can be executed. The instruction format has a logical 0 
as a start bit, followed by a logical 1, four bits as an op code, 
and four bits of address. An SK clock cycle is necessary 
after CS equals logical 0 followed by a logical 1 before the 
instruction can be loaded. The on-chip programming-volt
age generator allows the user to use a single power supply 
(Vee). Only during the read mode is the serial output (DO) 
pin valid. During all other modes the DO pin is in 
TRI-STATE®, eliminating bus contention. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. After a READ instruction is re
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 16-bit seri
al-out shift register. A dummy bit (logical '0') precedes the 
16-bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

Programming must be preceded once by a programming 
enable (EWEN) instruction. Programming remains enabled 
until a programming disable (EWDS) instruction is executed. 
The programming enable instruction (EWEN) is needed to 
keep the part in the enable state if the power supply (Vee) 
noise falls below operating range. The programming disable 
instruction is provided to protect against accidental data dis
turb. Execution of a READ instruction is independent of both 
EWEN and EWDS instructions. 

ERASE (Note 4) 

Like most E2PROMS, the register must first be erased (all 
bits set to 1's) before the register can be written (certain bits 

Instruction Set 
Instruction SB OpCode Address 

READ 01 10xx A3A2A1AO 

WRITE 01 01xx A3A2A1AO 

ERASE 01 11xx A3A2A1AO 

EWEN 01 0011 XXXX 
EWDS 01 0000 XXXX 
ERAL 01 0010 XXXX 
WRAL 01 0001 XXXX 

set to O's). After an ERASE instruction is input, CS is 
dropped low. This falling edge of CS determines the start of 
programming. The register at the address specified in the 
instruction is then set entirely to 1 'so When the erase/write 
programming time (tE/W) constraint has been satisfied, CS 
is brought up for at least one SK period. A new instruction 
may then be input, or a low-power standby state may be 
achieved by dropping CS low. 

WRITE (Note 4) 

The WRITE instruction is followed by 16 bits of data which 
are written into the specified address. This register must 
have been previously erased. Like any programming mode, 
erase/write time is determined by the low state of CS fol
lowing the instruction. The on-chip high voltage section only 
generates high voltage during these programming modes, 
which prevents spurious programming during other modes. 
When CS rises to VIH, the programming cycle ends. All pro
gramming modes should be ended with CS high for one SK 
period, or followed by another instruction. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar
ray have each bit set to a 1. Each register is then ready for a 
WRITE instruction. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle, except for 
the different op code. All registers are simultaneously writ
ten with the data pattern specified in the instruction. 

Note 4: During a programming mode (write, erase, chip erase, chip write), 
SK clock Is only needed while the actual instruction, I.e., start bit, op 
code, address and data, is being input. It can remain deactivated 
during the Erase/Write pulse width (tE/W)' 

Data Comments 

Read Register A3A2A 1 AO 

015 - DO Write Register A3A2A 1 AO 

Erase Register A3A2A 1 AO 

Erase/Write Enable 

Erase/Write Disable 

Erase All Registers 

015 - DO Write All Registers 

NMC9306 has 7 instructions as shown. Note that MSB of any given instruction is a "1" and is viewed as a start bit in 
the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of 16, 16·bit registers. 

X Is a don't care state. 
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Synchronous Data Timing 

I' 4,uS· 'I 
SK _____ --'1· tSKH .,. tSKL ·1"", -------.I~ ____ _ 

O.4,uS I' '1' '1 O.4,uS 
t OIS tOIH 

DI 

t.) 

a, 

cs 

2,uS 
t I, ,I 
poo 

2,uS 
I' '1 t 

P01 

DO 
\ /

VOH 

VOL 

'This is the minimum SK period and is 5p. for NMC9306M 

NMC9306 

TL/D/5029-13 

-I 
3" 
S" 

CO 
c 
Di" 

CO ... 
D) 

3 
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C.:l 
cO 

READ 

WRITE 

ERASE 

Instruction Timing 

SK l.nILJl..rL 
CS / \~---

DI ---1 1 1 \ 0 ~ J(?\----------t,....-------------
DD I~ 

~ 
3" 
S" 
co 
c 
iir 
co ... 
D) 

3 
U) 

() 
o 
;:t 
:;-

TL/D/5029-14 ~ 

.9: 

LrUU~tE/W" U , --' ------
CS j 

DI ~ 1 ~)G:)GOC)COO"\ I 1 cx::x: 
TLlD/5029-15 

DI --./, 1 ~:x-;-\ 

TL/D/5029-16 

"tE/W measured to rising edge of SK or CS, whichever occurs last. 

90£60WN 
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NMC9306 

EWEN 
EWDS 

(ERASE/WRITE 
ENABLE/DISABlE) 

Instruction Timing (Continued) 

$I( 

CS / \ ___________ _ 

DI-..-f7\ 0 I ~ 
ENABLE = 11 
DISABLE=OO 

=! 
3 s· 

(Q 

c 
iii" 

(Q ... 
Q) 

3 en 
"0 
o 
:J 

TLID/S029-17 g-

WRAl 
(WRITEALLI 

SK 

CIJ 
ot--f7\ 0 0 I 1 J<?\ I 1 \ x: 

TLID/S029-18 

SK 

(ERASE~ ~ CS.J J-tE/W' . ~--fr-------------

DI~O Of7\O~ 
TLID/S029-19 

't E/W measured to rising edge of SK or CS, whichever occurs last. 
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~National 
~ Semiconductor 

PRELIMINARY 

NMC93C06/C26/C46 256-Bit/512-Bit/1024-Bit Serial 
Electrically Erasable Programmable Memory 

General Description 
The NMC93C06/NMC93C26/NMC93C46 are 256/512/ 
1024 bits of CMOS electrically erasable memory divided 
into 16-bit registers. They are fabricated using National 
Semiconductor's floating-gate CMOS process for high 
speed and low power. They operate from a single 5V supply 
since Vpp is generated on-board. The serial organization 
allows the NMC93C06/NMC93C26/NMC93C46 to be pack
aged in an S-pin DIP or 14-pin SO package to save board 
space. 

The memories feature a serial interface with the instruction, 
address, and write data, input on the Data-In (01) pin. All 
read data and device status is output on the Data-Out (DO) 
pin. A low-to-high transition of shift clock (SK) shifts all data 
in and out. This serial interface is MICROWIRETM compati
ble for simple interface to standard microcontrollers and mi
croprocessors. There are 7 instructions: Read, Erase/Write 
Enable, Erase, Erase All, Write, Write All, Erase/Write Dis
able. The NMC93C06/NMC93C261NMC93C46 do not re
quire an erase cycle prior to the Write and Write All instruc
tions. The Erase and Erase All instructions are available to 
maintain complete read and programming compatibility with 
the NMOS NMC9346. All programming cycles are com
pletely self-timed for simplified operation. The busy status is 
available on the DO pin to indicate the completion of a pro
gramming cycle. EEPROMs are shipped in the erased state 
where all bits are logical 1's. 

Block Diagram 
CS--------------------~ 

SK---;===:;----~ 

01 

oo.-----------------~ 

Compatibility with Other Devices 
These memories are pin compatible to National Semicon
ductor's NMOS EEPROMs, NMC9306 and NMC9346. The 
NMC93C06/NMC93C26/NMC93C46 are both pin and func
tion compatible with the NMC93C56 204S-bit EEPROM and 
the NMC93C66 4096-bit EEPROM with the one exception 
that both of these larger devices require two additional ad
dress bits. 

Features 
• Typical active current 400 p.A; Typical standby current 

25 p.A 
• Reliable CMOS floating gate technology 
• 5V only operation in all modes 
• MICROWIRE compatible serial I/O 
• Self-timed programming cycle 
• Device status signal during programming mode 
• Over 10 years data retention 
• Typically 40,000 writes 

INSTRUCTION 
DECODER, 

CONTROL LOGIC, 
AND CLOCK 

GENERATORS. 

~Vcc 

HIGH VOLTAGE 
GENERATOR 

AND 
PROGRAM 

TIMER 

TL/D/B790-3 
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Connection Diagrams 

Dual·ln-Llne Package (N) 

csOs Vee SK 2 7 HC 

01 3 6 HC 

DO. 5 GHO 

TL/D/8790-1 

Top View 

See NS Package Number N08E 

Ordering Information 

Pin Names 

CS Chip Select 
SK Serial Data Clock 
01 Serial Data Input 
DO Serial Data Output 
GND Ground 
Vee Power Supply 

Commercial Temp. Range (O"C to + 70"C) 
Vee = SV ±10% 

Order Number 

NMC93C06NINMC93C26NI 
NMC93C46N 
NMC93C06M/NMC93C26MI 
NMC93C46M 

Extended Temp. Range (-40"C to + 8S"C) 
Vee = SV ±10% 

Order Number 

NMC93C06EN/NMC93C26ENI 
NMC93C46EN 
NMC93C06EM/NMC93C26EMI 
NMC93C46EM 

Military Temp. Range (- SS"C to + 12S"C) 

Order Number 

NMC93C06MN/NMC93C26MNI 
NMC93C46MN 
NMC93C06MM/NMC93C26MMI 
NMC93C46MM 

3·12 

SO Package (M) 

HC-l 

CS-2 
SK- 3 

HC- • 

01- 5 

00- 6 

HC- 7 

Top View 

14 -HC 

13 ~Vcc 

12"'""HC 

II~HC 

10~HC 

9 ~GHO 

S~HC 

TL/D/8790-2 

See NS Package Number M14A 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Ambient Operating Temperature 
contact the National Semiconductor Sales Office/ NMC93C06/26/46 
Distributors for availability and specifications. NMC93C06/26/46E 

All Input or Output Voltages + 6.SV to - 0.3V NMC93C06/26/46M 

with Respect to Ground Positive Supply Voltage 

Ambient Storage Temperature - 65·C to + 1S0·C 

Lead Temperature 
(Soldering. 10 seconds) +300·C 

ESD rating 2000V 

DC and AC Electrical Characteristics Vcc = SV ±10% unless otherwise specified 

Symbol Parameter Part Number Conditions Min 

ICC1 Operating Current NMC93C06/26/46 CS = VIH.SK = 1 MHz 
CMOS Input Levels NMC93C06/26/46E SK = O.SMHz 

NMC93C06/26/46M· SK = O.S MHz 

ICC2 Operating Current NMC93C06/26/46 CS = VIH. SK = .1 MHz 
TIL Input Levels NMC93C06/26/46E SK = O.SMHz 

NMC93C06/26/46M SK = O.S MHz 

ICC3 Standby Current NMC93C06/26/46 CS = OV 
NMC93C06/26/46E 
NMC93C06/26/46M 

IlL Input Leakage NMC93C06/26/46 VIN = OVtoVcc -2.S 
NMC93C06/26/46E -10 
NMC93C06/26/46M -10 

IOL Output Leakage NMC93C06/26/46 VOUT = OV to Vcc -2.5 
NMC93C06/26/46E -10 
NMC93C06/26/46M -10 

VIL Input Low Voltage -0.1 

VIH Input High Voltage 2 

VOL1 Output Low Voltage IOL = 2.1 mA 
VOH1 Output High Voltage IOH = -400,.,.A 2.4 

VOL2 Output Low Voltage IOL = 10,.,.A 
VOH2 Output High Voltage IOH = -10,.,.A Vcc - 0.2 

fSK SK Clock Frequency NMC93C06/26/46 0 
NMC93C06/26/46E 0 
NMC93C06/26/46M 0 

tSKH SK High Time NMC93C06/26/46 (Note 2) 2S0 
NMC93C06/26/46E (Note 3) SOO 
NMC93C06/26/46M (Note 3) SOO 

tSKL SKLowTime NMC93C06/26/46 (Note 2) 2S0 
NMC93C06/26/46E (Note 3) SOO 
NMC93C06/26/46M (Note 3) SOO 

tcs MinimumCS NMC93C06/26/46 (Note 4) 250 
Low Time NMC93C06/26/46E (Note S) 500 

NMC93C06/26/46M (Note S) SOO 

tcss CS Setup Time NMC93C06/26/46 Relative to SK 50 
NMC93C06/26/46E 100 
NMC93C06/26/46M 100 

"Note: Thruout this table "M" refers to temperature range (-SsoC to + 12soCl. not package. 
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O·Cto +70·C 
- 40·C to + 8S·C 

- SS·C to + 12S·C 

4.SVto 5.5V 

Max Units 

2 
2 rnA 
2 

3 
3 mA 
4 

SO 
100 ,.,.A 
100 

2.S 
10 ,.,.A 
10 

2.S 
10 ,.,.A 
10 

0.8 
V 

Vcc + 1 

0.4 
V 

0.2 
V 

1 
O.S MHz 
O.S 

ns 

ns 

ns 
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DC and AC Electrical Characteristics Vee = 5V ±10% (Continued) 

Symbol Parameter Part Number Conditions Min Max Units 

tOIS 01 Setup Time NMC93C06/26/46 Relative to SK 100 

NMC93C06/26/46E 200 ns 

NMC93C06/26/46M 200 

tesH CS Hold Time Relative to SK 0 ns 

tOIH DI Hold Time NMC93C06/26/46 Relative to SK 100 

NMC93C06/26/46E 200 ns 

NMC93C06/26/46M 200 

tpD1 Output Delay to "1" NMC93C06/26/46 ACTest 500 

NMC93C06/26/46E 1000 ns 

NMC93C06/26/46M 1000 

tpDO Output Delay to "0" NMC93C06/26/46 ACTest 500 

NMC93C06/26/46E 1000 ns 

NMC93C06/26/46M 1000 

tsv CS to Status Valid NMC93C06/26/46 ACTest 500 

NMC93C06/26/46E 1000 ns 

NMC93C06/26/46M 1000 

tOF CSto DOin NMC93C06/26/46 CS = VIL 100 

TRI-STATE® NMC93C06/26/46E ACTest 200 ns 

NMC93C06/26/46M 200 

twp Write Cycle Time 10 ms 

Endurance Number of Data Typical 

Changes per Bit 40,000 Cycles 

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 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 /-ts, therefore in an SK clock cycle tSKH + tSKL must be 
greater than or equal to 1 /-ts. For example if tSKL = 250 ns then the minimum tSKH = 750 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/-ts, therefore in an SK clock cycle 
tSKH + tSKL must be greater than or equal to 2 /-ts. For expample, if tSKL = 500 ns then the minimum tSKH = 1.5 /-ts in order to meet the SK frequency 
specification. 

Note 4: For Commercial parts CS must be brought low for a minimum of 250 ns (leS) between consecutive instruction cycles. 

Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (tes) between consecutive instruction cycles. 

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

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

Symbol Test Typ Max Units Input Pulse Levels O.4V to 2.4V 

COUT Output Capacitance 5 pF 
Timing Measurement Reference Level 

Input 1V and 2V 

CIN Input Capacitance 5 pF Output 0.8Vand 2V 
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Functional Description 
The NMC93C06/NMC93C26/NMC93C46 has 7 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 8 bits carry the op code and the 6-bit address for 
selection of 1 of 16, 32, or 64 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. 

Erase/Write Enable (EWEN): 

When Vee is applied to the part, it "powers up" in the 
Erase/Write Disable (EWDS) state. Therefore, all program
ming modes must be preceded by an Erase/Write Enable 
(EWEN) instruction. Once an Erase/Write Enable instruc
tion is executed, programming remains enabled until an 
Erase/Write Disable (EWDS) instruction is executed or Vee 
is removed from the part. 

Erase (ERASE): 

The ERASE instruction will program all bits in the specified 
register to the logical "1" state. CS is brought low following 
the loading of the last address bit. This falling edge of the 
CS pin initiates the self-timed programming cycle. 

The DO pin indicates the READY/BUSY status of the chip if 
CS is brought high after a minimum of 2S0 ns (tes). 
DO = logical "0" indicates that programming is still in prog
ress. DO = logical "1" indicates that the register, at the 
address specified in the instruction, has been erased, and 
the part is ready for another instruction. 

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 is clocked in 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 program
ming cycle. The DO pin indicates the READY/BUSY status 
of the chip if CS is brought high after a minimum of 2S0 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 instruction and the part is 
ready for another instruction. 

Erase All (ERAL) 

The ERAL instruction will simultaneously program all regis
ters in the memory array and set each bit to the logical "1" 
state. The Erase All cycle is identical to the ERASE cycle 
except for the different op-code. 

As in the ERASE mode, the DO pin indicates the READY / 
BUSY status of the chip if CS is brought high after a mini
mum of 2S0 ns (tes). 

Write All (WRAL): 

The WRAL instruction will simultaneously program all regis
ters with the data pattern specified in the instruction. As in 
the WRITE mode, the DO pin indicates the READY/BUSY 
status of the chip if CS is brought high after a minimum of SO 
ns (tes). 

Erase/Write Disable (EWDS): 

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

Instruction Set for the NMC93C06/26/46 
Instruction S8 OpCode Address Data Comments 

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

EWEN 1 00 11XXXX Write enable must precede all programming modes. 

ERASE 1 11 AS-AO Erase register ASA4A3A2A1AO. 

WRITE 1 01 AS-AO D1S-DO Writes register. 

ERAL 1 00 10XXXX Erase all registers. 

WRAL 1 00 01XXXX D1S-DO Writes all registers. 

EWDS 1 00 OOXXXX Disables all programming instructions. 

3-1S 
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Timing Diagrams 
Synchronous Data Timing 

VIH 
SK V

IL 
____ ....... 

VIH -""'\.I,---+--""\.L,.-----"'\.I'--.;-_...". ,----t---
01 VIL --'11'--...... 1--....11'------''''---01----' ____ -+-__ _ 

VOH DO {PROGRAt,A)V ----( OL '-__________________________________________ J 

"This is the minimum SK period (Note 2). TLlD/8790-4 

Note 2: The SK frequency specification for Commercial parts specifies a minimum SK clock period of 1 p.s, therefore in an SK clock cycle tSKH + tSKL must be 
greater than or equal to 1 p.s. For example if tSKL = 250 ns then the minimum tSKH = 750 ns in order to meet the SK frequency specification. 

READ: 

CS J 

SK JlJUlJlJ1JUlMJ1MJlJ1SlR 

OO------~xxxX**:>-
"Address bit A5 becomes "don't care" for NMC93C26. 
"Address bits A5 and A4 become "don't care" for NMC93C06. 

CS J 
SK 

OI~_O __ OJI 

TL/D/8790-5 

WEN: 
DO = TRI-STATE 

1'0< ____ ~ ________ _ 
TLlD/8790-6 
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Timing Diagrams (Continued) 

EWDS: 
DO = TRI-STATE 

CS J 
SK 

OI~~O ____ O _____ O ____ ~ __ J 

WRITE: 

CS J 
SK 

01 

OO--~b~t 
twp=! 

°Address bit AS becomes "don't care" for NMC93C26. 
°Address bits AS and A4 become "don't care" for NMC93C06. 

CS J 
SK 

01 o o o 

WRAL: 

TL/D/B790-7 

L 

READY '-
TL/D/B790-B 

OO------------t-L_\ BUSY~ 
~~ 

TL/D/B790-9 
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Timing Diagrams (Continued) 

ERASE: 

SK 

cs J 

~~--~--~~------~~---tlH 

01 

DO _.:.:TR~I-.::S.::;TA:.:.::TE~ ____________________ -§~~~ ------~§-t----t~~~~I----'" TRI-STATE 

TL/O/8790-10 

ERAL: 

fl...Il-f1...rLn.rL 
tCS .... 

SK 

,--------------------------------~~~~I I,~~----'I CS/ 

01 ~ ..... O_0....lf7\ 0 OVf///////>.r, 
OO-~TR~I-.::S~~~TE~------------------------------~§_~--~ _'1_-

TLIO/8790-11 
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~National 
~ Semiconductor 

PRELIMINARY 

NMC93CS06/CS26/CS46 2S6-Bit/S12-Bit/1024-Bit Serial 
Electrically Erasable Programmable Memories 
General Description 
The NMC93CS06/NMC93CS26/NMC93CS46 are 256/ 
512/1024 bits of read/write memory divided into 16/32/64 
registers of 16 bits each. N registers (N ::;: 16, N ::;: 32 or N 
::;: 64) can be protected against data modification by pro
gramming into a special on-chip register called the memory 
protect register the address of the first register to be pro
tected. This address can be locked into the device, so that 
these registers can be permanently protected. Thereafter, 
all attempts 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 a 6-bit address pointer. Then the data is 
clocked out serially on the DO pin and automatically cycles 
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 256/512/ 
1024 bits. Thus, the NMC93CS06/NMC93CS26/ 
NMC93CS46 can be viewed as a non-volatile shift register. 

The write cycle is completely self-timed. No separate erase 
cycle is required before write. The write cycle is only en
abled when pin 6 (program enable) is held high. If the ad
dress of the register to be written is less than the address 

Block Diagram 

CS------------+I 

SK----;;::===:;----~ 

01 

in the protect register then the data is written 16 bits at a 
time into one of the 16/32/64 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 400 p.A; Typical standby current 

25 p.A 
• Reliable CMOS floating gate technology 
• 5 volt only operation in all modes 
• Microwire compatible serial I/O 
• Self-timed programming cycle 
• Device status signal during programming mode 
• Sequential register read 
• Over 10 years data retention 
• 40,000 write cycles typical 

INSTRUCTION 
DECODER, 

CONTROL LOGIC, 
AND CLOCK 

GENERATORS. 

ADDRESS COMPARE 
AND 

WRITE ENABLE 

~Vcc M------- PRE 

~---~~-PE 

..... ____ ..... EN 

00+------------1 
TL/D/9208-3 
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Connection Diagrams 

PIN OUT: 
Dual-ln-L1ne Package (N) csOa Vee SK 2 7 PRE 

01 3 6 PE 

00 4 5 GNO 

TL/D/9208-1 

Top View 

See NS Package Number N08E 

Ordering Information 

Pin Names PIN OUT: 

CS Chip Select 

SK Serial Data Clock 
01 Serial Data Input 
DO Serial Data Output 

GNO Ground 

PE Program Enable 
PRE Protect Register Enable 

Vee Power Supply 

Commercial Temp_ Range (O·C to + 70·C) 
Vee = 5V ± 10% 

Order Number 

NMC93CS06N/NMC93CS26NI 
NMC93CS46N 
NMC93CS06M/NMC93CS26MI 
NMC93CS46M 

Extended Temp_ Range ( - 40·C to + 85·C) 
Vee = 5V ± 10% 

Order Number 

NMC93CS06EN/NMC93CS26ENI 

NMC93CS46EN 
NMC93CS06EM/NMC93CS26EMI 
NMC93CS46EM 

MIlitary Temp_ Range (-55·C to + 125·C) 

Order Number 

NMC93CS06MN/NMC93CS26MNI 
NMC93CS46MN 
NMC93CS06MM/NMC93CS26MMI 

NMC93CS46MM 
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SO Package (M) 

'-./ 
NC-l 14~NC 

CS-2 13 ~Vcc 

SK- 3 12 ~PRE 

NC- 4 II~NC 

01- 5 10~PE 

00-6 9~GNO 

NC- 7 a~NC 

TL/D/9208-2 

Top View 

See NS Package Number M14A 



Absolute Maximum Ratings Operating Conditions 
If Mllltary/Aerospace specified devices are required, Ambient Operating Temperature 
contact the National Semiconductor Sales Offlcel NMC93CS061N MC93CS261 O°Cto +70°C 
Distributors for availability and specifications. NMC93CS46 

Ambient Storage Temperature - 65°C to + 150°C NMC93CS06E/NMC93CS26EI - 40°C to + 85°C 

All Input or Output Voltages + 6.5V to - 0.3V 
NMC93CS46E 
NMC93CS06M/NMC93CS26MI - 55°C to + 125°C 

with Respect to Ground 
NMC93CS46M (Mil. Temp.) 

Lead Temperature (Soldering, 10 sec.) + 300°C 
Positive Power Supply 4.5Vto 5.5V 

ESDrating 2000V 

DC and AC Electrical Characteristics Vcc = 5V ± 10% unless otherwise specified 

Symbol Parameter Part Number Conditions Min Max Units 

ICC1 Operating Current NMC93CS06/NMC93CS26/NMC93CS46 CS = VIH, SK = 1 MHz 2 
CMOS Input Levels NMC93CS06E/NMC93CS26EI NMC93CS46E SK = 0.5 MHz 2 rnA 

NMC93CS06M/NMC93CS26M/NMC93CS46M· SK = 0.5 MHz 2 

ICC2 Operating Current NMC93CS06/NMC93CS26/NMC93CS46 CS = VIH, SK = 1 MHz 3 
TTL Input Levels NMC93CS06E/NMC93CS26E/NMC93CS46E SK = 0.5 MHz 3 mA 

NMC93CS06M/NMC93CS26M/NMC93CS46M SK = 0.5 MHz 4 

ICC3 Standby Current NMC93CS06/NMC93CS26/NMC93CS46 CS = OV 50 
NMC93CS06E/NMC93CS26EI NMC93CS46E 100 IlA 

NMC93CS06M/NMC93CS26M/NMC93CS46M 100 

IlL Input Leakage NMC93CS06/NMC93CS26/NMC93CS46 VIN = OV to Vcc -2.5 2.5 
NMC93CS06E/NMC93CS26E/NMC93CS46E -10 10 IlA 
NMC93CS06M/NMC93CS26M/NMC93CS46M -10 10 

IOL Output Leakage NMC93CS06/NMC93CS26/NMC93CS46 VOUT = OV to Vcc -2.5 2.5 

NMC93CS06E/NMC93CS26EI NMC93CS46E -10 10 IlA 

NMC93CS06M/NMC93CS26M/NMC93CS46M -10 10 

VIL Input Low Voltage -0.1 0.8 
V 

VIH Input High Voltage 2 Vcc + 1 

VOL1 Output Low Voltage IOL = 2.1 mA 0.4 
V 

VOH1 Output High Voltage IOH = -400 IlA 2.4 

VOL2 Output Low Voltage IOL = 10 IlA 0.2 
V 

VOH2 Output High Voltage IOH = -10 IlA Vcc - 0.2 

fSK SK Clock Frequency NMC93CS06/NMC93CS26/NMC93CS46 0 1 
NMC93CS06E/NMC93CS26E/NMC93CS46E 0 0.5 MHz 

NMC93CS06M/NMC93CS26M/NMC93CS46M 0 0.5 

tSKH SK High Time NMC93CS06/NMC93CS26/NMC93CS46 (Note 2) 250 
NMC93CS06E/NMC93CS26E/NMC93CS46E (Note 3) 500 ns 
NMC93CS06M/NMC93CS26M/NMC93CS46M (Note 3) 500 

tSKL SK Low Time NMC93CS06/NMC93CS26/NMC93CS46 (Note 2) 250 

NMC93CS06E/NMC93CS26EI NMC93CS46E (Note 3) 500 ns 

NMC93CS06M/NMC93CS26M/NMC93CS46M (Note 3) 500 

tcs MinimumCS NMC93CS06/NMC93CS26/NMC93CS46 (Note 4) 250 

Low Time NMC93CS06E/NMC93CS26E/NMC93CS46E (Note 5) 500 ns 

NMC93CS06M/NMC93CS26M/NMC93CS46M (Note 5) 500 

tcss CS Setup Time NMC93CS06/NMC93CS26/NMC93CS46 Relative to SK 50 

NMC93CS06E/NMC93CS26E/NMC93CS46E 100 ns 

NMC93CS06M/N MC93CS26M/NMC93CS46M 100 

tpRES PRE Setup Time NMC93CS06/NMC93CS26/NMC93CS46 Relative to SK 50 

NMC93CS06EI NMC93CS26E/N MC93CS46E 100 ns 

NMC93CS06M/NMC93CS26M/NMC93CS46M 100 

'Throughout this table "M" refers to temperature range (- 55°C to + 125°C), not package. 
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DC and AC Electrical Characteristics Vee = 5V ± 10% unless otherwise specified (Continued) 

Symbol Parameter Part Number Conditions Min Max Units 

tpES PE Setup Time NMC93CS06/NMC93CS26/NMC93CS46 Relative to SK 50 
NMC93CS06E/NMC93CS26E/NMC93CS46E 100 ns 
NMC93CS06M/NMC93CS26M/NMC93CS46M 100 

tOIS 01 Setup Time NMC93CS06/NMC93CS26/NMC93CS46 Relative to SK 100 
NMC93CS06E/NMC93CS26E/NMC93CS46E 200 ns 
NMC93CS06M/NMC93CS26M/NMC93CS46M 200 

tCSH CS Hold Time Relative to SK 0 ns 

tpEH PE Hold Time NMC93CS06/NMC93CS26/NMC93CS46 Relative to CS 250 
NMC93CS06E/NMC93CS26E/NMC93CS46E Relative to CS 500 ns 

NMC93CS06M/NMC93CS26M/NMC93CS46M Relative to CS 500 

tpREH PRE Hold Time Relative to SK 0 ns 

tOIH 01 Hold Time NMC93CS06/NMC93CS26/NMC93CS46 Relative to SK 100 
NMC93CS06E/NMC93CS26E/NMC93CS46E 200 ns 
NMC93CS06M/NMC93CS26M/NMC93CS46M 200 

tpD1 Output Delay to "1" NMC93CS061 N MC93CS26/N MC93CS46 500 
NMC93CS06E/NMC93CS26E/NMC93CS46E ACTest 1000 ns 

NMC93CS06M/NMC93CS26M/NMC93CS46M 1000 

tpDO Output Delay to "0" NMC93CS06/NMC93CS26/NMC93CS46 500 
N MC93CS06EI N MC93CS26E/N MC93CS46E ACTest 1000 ns 

NMC93CS06M/NMC93CS26M/NMC93CS46M 1000 

tsv CS to Status Valid NMC93CS06/NMC93CS26/NMC93CS46 500 
NMC93CS06E/NMC93CS26E/NMC93CS46E ACTest 1000 ns 
N MC93CS06M/NMC93CS26MI NMC93CS46M 1000 

tOF CSto DOin NMC93CS06/NMC93CS26/NMC93CS46 CS = VIL 100 
TRI-STATE® NMC93CS06E/NMC93CS26E/NMC93CS46E ACTest 200 ns 

NMC93CS06M/NMC93CS26M/NMC93CS46M 200 

twp Write Cycle Time 10 ms 

Endurance Number of 
Typical 

Data Changes Cycles 
per Bit 

40,000 

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 = 250 ns then the minimum tSKH = 750 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 = 500 ns then the minimum tSKH = 1.5 microseconds in order to 
meet the SK frequency specification. 

Note 4: For Commercial parts CS must be brought low for a minimum of 250 ns (les) between consecutive instruction cycles. 

Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (les) between consecutive instruction cycles. 

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

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 O.4Vto 2.4V 

COUT Output Capacitance 5 pF 
Timing Measurement Reference Level 

Input 1V and2V 

CIN Input Capacitance 5 pF Output 0.8Vand 2V 
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Functional Description 
The NMC93CS06, NMC93CS26, and NMC93CS46 have 10 that the register at the address specified in the instruction 
instructions as described below. Note that the MSB of any has been written with the data pattern specified in the in-
instruction is a "1" and is viewed as a start bit in the inter- struction and the part is ready for another instruction. 
face sequence. The next a-bits carry the op code and the 6-

Write All (WRALL): bit address for selection of 1 of 16, 32, or 64 16-bit registers. 
The Write All (WRALL) instruction is valid only when the 

Read (READ): Protect Register has been cleared by executing a 
The Read (READ) instruction outputs serial data on the DO PRCLEAR instruction. The WRALL instruction will simulta-
pin. After a READ instruction is received, the instruction and neously program all registers with the data pattern specified 
address are decoded, followed by data transfer from the in the instruction. Like the WRITE instruction, the PE pin 
selected memory register into a 16-bit serial-out shift regis- MUST be held high while loading the WRALL instruction, 
ter. A dummy bit (logical 0) precedes the 16-bit data output however, after loading the WRITE instruction the PE pin be-
string. Output data changes are initiated by a low to high comes a "don't care". As in the WRITE mode, the DO pin 
transition of the SK clock. In the NONVOLATILE SHIFT- indicates the READY IBUSY status of the chip if CS is 
REGISTER mode of operation, the memory automatically brought high after a minimum of 250 ns (tes). 
cycles to the next register after each 16 data bits are 

Write Disable (WDS): clocked out. The dummy-bit is suppressed in this mode and 
a continuous string of data is obtained. To protect against accidental data disturb, the Write Disable 

Write Enable (WEN): 
(WDS) instruction disables all programming modes and 
should follow all programming operations. Execution of a 

When Vee is applied to the part, it "powers up" in the Write READ instruction is independent of both the WEN and WDS 
Disable (WDS) state. Therefore, all programming modes instructions. 
must be preceded by a Write Enable (WEN) instruction. 

Protect Register Read (PRREAD): Once a Write Enable instruction is executed programming 
remains enabled until a Write Disable (WDS) instruction is The Protect Register Read (PRREAD) instruction outputs 

executed or Vee is removed from the part. the address stored in the Protect Register on the DO pin. 

Write (WRITE): 
The PRE pin MUST be held high while loading the instruc-
tion. Following the PRREAD instruction the 6-bit address 

. The Write (WRITE) instruction Is followed by 16 bits of data stored in the memory protect register is transferred to the 
to be written into the specified address. After the last bit of serial out shift register. As in the READ mode, a dummy bit 
data (DO) is put on the data-in (DI) pin, CS must be brought (logical 0) precedes the 6-bit address string. 
low before the next rising edge of the SK clock. This falling 

Protect Register Enable (PREN): edge of the CS initiates the self-timed programming cycle. 
The PE pin MUST be held high while loading the WRITE The Protect Register Enable (PREN) instruction is used to 

instruction, however, after loading the WRITE instruction the enable the PRCLEAR, PRWRITE, and PRDS modes. Before 

PE pin becomes a "don't care". The DO pin indicates the the PREN mode can be entered, the part must be in the 

READY IBUSY status of the chip if CS is brought high after Write Enable (WEN) mode. Both the PRE and PE pins 

a minimum of 250 ns (tes). DO = logical 0 indicates that MUST be held high while loading the instruction. 

programming is still in progress. DO = logical 1 indicates Note that a PREN instruction must Immediately precede a 
PRCLEAR, PRWRITE, or PRDS instruction. 

Instruction Set for the NMC93CS06, NMC93CS26 and NMC93CS46 
Instruction S8 OpCode Address Data PRE PE Comments 

READ 1 10 A5-AO 0 X Reads data stored in memory, starting at specified address. 

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

WRITE 1 01 A5-AO D15-DO 0 1 Writes register if address is unprotected. 

WRALL 1 00 01XXXX D15-DO 0 1 Writes all registers. Valid only when Protect Register is 
cleared. 

WDS 1 00 OOXXXX 0 X Disables all programming instructions. 

PRREAD 1 10 XXXXXX 1 X Reads address stored in Protect Register. 

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

PRCLEAR 1 11 111111 1 1 Clears the Protect Register so that no registers are 
protected from WRITE. 

PRWRITE 1 01 A5-AO 1 1 Programs address into Protect Register. Thereafter, 
memory addresses ~ the address in Protect Register are 
protected from WRITE. 

PRDS 1 00 000000 1 1 One time only instruction after which the address in the 
Protect Register cannot be altered. 
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Functional Description (Continued) 

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 regis
ter 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-

Timing Diagrams 

ter must first be cleared by executing a PRCLEAR operation 
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 precede a 
PRWRITE instruction. 

Protect Register Disable (PROS): 

The Protect Register Disable (PROS) instruction is a one 
time only instruction which renders the Protect Register un
alterable in the future. Therefore, the specified registers be
come 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 loading the 
PROS instruction the PRE and PE pins become "don't 
care". 

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

Synchronous Data Timing 

VIH-""'\JIr---------------------"""I~-
PRE V1L_...I1'-----------------------'T'---

V1H-""'\JIr---i------------------+---1-\I,.-
PE VIL_-'II"---I~-----------------~-+~~~ __ 

V1H 
SK

V1L 
____ ..... 

VIH-"""II,...--If--_I~~""'f'"'~""'f'"' __ - ...... --" Ir""'f'"''r''''t'..,..r-or+~r''''t''_ 
01 V1L _...II'-__ I-_....,I"-~....,;~....,;I.»' '-_ ..... __ J "....,;~~~~ .... ~ 

VOH--I~----~I,----------~,I_----4--
00 {REAO)VOL_-+ ____ ...J'I"-----------J'I'o----j......;' 

VOH 
DO (PROGRAt.l) VOL ----"\ ___________ ...;... _______ --' 

"This is the minimum SK period (See Note 2), 
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Timing Diagrams (Continued) 

READ: 
PRE = 0, PE = X 

cs J 2l 

DO DE>C~)-
"Address bit AS becomes a "don't care" for NMC93CS26 TLID/9208-S 
"Address bits AS and A4 become "don't cares" for NMC93CS06 

tThe memory automatically cycles to the next register. 

WEN: 
PRE = 0, DO = TRI-STATE 

cs J 
SK 

01 ~~O ___ 0..l/ 1 1'0< ____ }GA ...... _______ _ 
TL/D/9208-6 
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Timing Diagrams (Continued) 

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

SK 

01 ~~O __ O __ O __ ",,_..1 

TL/D/9208-7 

WRITE: 
PRE = 0 

[\\\\\\\\\\\ 

CS J L 
SK 

01 

\. 00---+----6 ~t 
twp=! 

READY 

TLID/9208-8 
• 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) 

WRALLO: 
PRE = 0 

f\\\\\\\ 
csJ L 
SK 

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

PRREAD: 
PE = X 

PRE J 
CSJ 

SK 

01~1 1~ _______________ _ 

00------------------_ 
TLID/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 

OI~ ... O __ 0..l/ 1 

TLlD/9208-11 

°A WEN cycle must precede a PREN cycle. 

PRCLEAR*: 

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

K\\\\\\\'0 
csJ L 
SK 

01~1 1 \\0.....-____ _ 

oo------------+-b-\ BUSY t READY '-

~ 
"A PREN cycle must Immediately precede a PRCLEAR cycle. TL/D/9208-12 
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Timing Diagrams (Continued) 
PRWRITEt: 

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

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

csJ 
SK 

DI 

Do-------+-b\ BUSY j 
-H 

READY ,'--------

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

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

PRDS-: 

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

K\\\\\\w 

L 
SK 

DI~_O __ O ___ O ____ O __ O __ O ___ O ________________ __ 

DO-------------------....otb-~8 RUDY '-

"ONE TIME ONLY instruction. A PREN cycle must Immediately precede a PRDS cycle. 
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~National . 
D Semiconductor 
NMC9307 256-Bit Serial Electrically Erasable 
Programmable Memory 
General Description 
The NMC9307 is a 256-bit non-volatile sequential access 
memory fabricated using advanced floating gate N-channel 
E2PROM technology. It is a peripheral memory designed for 
data storage and/or timing and is accessed via the simple 
MICROWIRETM serial interface. The device contains 256 
bits of read/write memory divided into 16 registers of 16 bits 
each. Each register can be serially read or written by a 
COP400 series controller. Bulk programming instructions 
(chip erase, chip write) can be enabled or disabled by the 
user for enhanced data protection. Written information is 
stored in a floating gate cell with at least 10 years data 
retention and can be updated by an erase-write cycle. The 
NMC9307 has been designed to meet applications requiring 
up to 40,000 erase/write cycles per register. A power down 
mode reduces power consumption by 70 percent. 

Block and Connection Diagrams 

01-+-++--+----1--.. 

CS-+--------.I 

SK---------+I 

INSTRUCTION 
OECODE. 

CONTROL 
AND 

CLOCK 
GENERATORS 

Features 
• 40,000 erase/write cycles 
• 10 year data retention 

• Low cost 
• Single supply operation (5V± 10%) 

• TTL compatible 
• 16 X 16 serial read/write memory 
• MICROWIRE compatible serial I/O 
• Compatible with COP400 processors 
• Low standby power 
• Non-volatile erase and write 
• Reliable floating gate technology 

Dual-In-Llne Package (N) 

DO 

TLID/9204-1 

CS VCC 

SK NC 

01 BPE 

DO GNO 

TL/D/9204-2 
Top View 

See NS Package Number NOSE 

SO Package (M) 

NC 1 

CS Z 

SK 3 

NC 

BPE 

• NC 

TLID/9204-3 
Top View 

See NS Package Number M14B 
Note: Contact factory for S08 availability. 

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

Vee Power Supply 
GND Ground 
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Absolute Maximum Ratings 
If Militaryl Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec.) 300°C 
contact the National Semiconductor Sales Offlcel ESDRating 2000V 
Distributors for availability and specifications. 

Note: Stresses above those listed under ''Absolute Maxi-
Voltage Relative to GND +6Vto -0.3V mum Ratings" may cause permanent damage to the device. 
Ambient Operating Temperature This is a stress rating only and functional operation of the 

NMC9307 O·Cto +70·C device at these or any other conditions above those indicat-
NMC9307E - 40°C to + 85°C ed in the operational sections of this specification is not 

Ambient Storage Temperature - 65°C to + 125°C implied Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

Electrical Characteristics 
Parameter Conditions Part No Min Max Units 

Operating Voltage (Vee) 4.5 5.5 V 

Operating Current (lee1) Vee=5.5V, CS= 1 9307 10 
mA 

9307E 12 

Standby Current (lee2) Vee=5.5V, CS=O 9307 3 
mA 

9307E 4 

Input Voltage Levels 

V,L -0.1 0.8 V 

V,H 2.0 Vee + 1 V 

Output Voltage Levels 

IOL =2.1 mA VOL 0.4 V 

VOH IOH = -400 p,A 2.4 V 

Input Leakage Current V'N=5.5V 10 p,A 

Input Leakage Current Y,N = 0 to 5.5V 
PINS 1, 2, 3 ±10 p,A 

PINS ±50 p,A 

Output Leakage Current Vour=5.5V, CS=O 10 p,A 

SK Frequency 0 250 kHz 

SK HIGH TIME tSKH (Note 2) 1 p,s 

SK LOW TIME tSKL (Note 2) 1 p,s 

Input Set-Up and Hold Times 

CS tess 0.2 p,s 

tesH 0 p,s 

01 tOIS 0.4 p,s 

tOIH 0.4 p,s 

Output Delay CL= 100 pF 

DO tp01 VOL =0.8V, VOH=2.0V 2 p,s 

tpoo V,L = 0.45V, V,H = 2.40V 2 p,s 

Erase/Write Pulse Width (tE/W) (Note 1) 10 30 ms 

CS Low Time (tes) (Note 3) 1 p,s 

Endurance Number of Data 
40, 000 Typical 

Changes per Bit 

Note 1: tE/W measured to rising edge of SK or es, whichever occurs last. 

Note 2: The SK frequency spec. specifies a minimum SK clock period of 4 /Jos, therefore in an SK clock cycle, tSKH + tSKL must be greater than or equal to 4 /Jos. 
e.g. if tSKL = 1/Jos then the minimum tSKH = 3 /Jos in order to meet the SK frequency specification. 

Note 3: es must be brought low for a minimum of 1 /JoS (tcs) between consecutive instruction cycles. 
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Instruction SB OpCode Address Data Comments 

READ 0,1 10xx A3A2A1AO Read register A3A2A 1 AO 

WRITE 0,1 01xx A3A2A1AO 015-00 Write register A3A2A 1 AO 

ERASE 0, 1 11xx A3A2A1AO Erase register A3A2A 1 AO 

EWEN 0,1 0011 xxxx Erase/write enable 

EWDS 0,1 0000 xxxx Erase/write disable 

ERAL 0,1 0010 xxxx Erase all registers 

WRAL 0, 1 0001 xxxx 015-00 Write all registers 

The NMC9307 has 7 instructions as shown. Note that MSB of any given instruction is a "1" and is viewed as a start bit 
in the interface sequence. The next B bits carry the op code and the 4·bit address for 1 of 16, 16·bit registers. 

X is a don't care state. 

Functional Description 
The NMC9307is a small peripheral memory intended for 
use with COPSTM controllers and other non-volatile memory 
applications. The NMC9307 is organized as sixteen regis
ters and each register is sixteen bits wide. The input and 
output pins are controlled by separate serial formats. Seven 
9-bit instructi.ons can be executed. The instruction format 
has a logical '1' as a start bit, four bits as an op code, and 
four bits of address. SK clock cycle is necessary after CS 
equals logical "1" before the instruction can be loaded. The 
on-chip programming-voltage generator allows the user to 
use a single power supply (Vee). Only during the read mode 
is the serial output (DO) pin valid. During all other modes the 
DO pin is in TRI-STATE®, eliminating bus contention. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. After a READ instruction is re
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 16-bit seri
al-out shift register. A dummy bit (logical '0') precedes the 
16-bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

Programming must be preceded once by a programming 
enable (EWEN) instruction. Programming remains enabled 
until a programming disable (EWDS) instruction is executed. 
The programming disable instruction is provided to protect 
against accidental data disturb. Execution of a READ in
struction is independent of both EWEN and EWDS instruc
tions. 

ERASE (Note 4) 

Like most E2PROMS, the register must first be erased (all 
bits set to 1 s) before the register can be written (certain bits 
set to Os). After an ERASE instruction is input, CS is 
dropped low. This falling edge of CS determines the start of 
programming. The register at the address specified in the 
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instruction is then set entirely to 1 s. When the erase/write 
programming time (tE/W) constraint has been satisfied, CS 
is brought up for at least one SK period. A new instruction 
may then be input, or a low-power standby state may be 
achieved by dropping CS low. 

WRITE (Note 4) 

The WRITE instruction is followed by 16 bits of data which 
are written into the specified address. This register must 
have been previously erased. Like any programming mode, 
erase/write time is determined by the low state of CS fol
lowing the instruction. The on-chip high voltage section only 
generates high voltage during these programming modes, 
which prevents spurious programming during other modes. 
When CS rises to VIH, the programming cycle ends. All pro
gramming modes should be ended with CS high for one SK 
period, or followed by another instruction. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar
ray have each bit set to a 1. Each register is then ready for a 
WRITE instruction. The chip erase (ERAL) instruction is ig
nored if the BPE pin is at VIL, i.e., data is not changed. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle, except for 
the different op code. All registers are simultaneously writ
ten with the data pattern specified in the instruction. 

The chip write (WRAL) instruction is ignored if the BPE pin is 
at VIL, i.e., the array data is not changed. 

Note 4: During a programming mode (write, erase, chip erase, chip write), 
SK clock is only needed while the actual instruction, i.e., start bit, op code, 
address and data, is being input. It can remain deactivated during the Erase! 
Write pulse width (tE/W). 
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Timing Diagrams 
Synchronous Data Timing 

r---- 4I's*----.I 

SK _____ F,SKH I ..... ----____ _ 

DI 

CS 

DD 
\ VDl 

·This is the minimum SK period 
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Instruction Timing 

SK ~ 

CS / ~- \~---
READ 

DI ---1 1 1 \ 0 ~:xY\ I ~I ______________ _ 

DO I~ 
TLl0/9204-5 

51 1..JLrLJ LrLn 
(i.) 

lJ 
~ 

WRITE -C'w o 

CS j -..J 
01 ~ 1 ~JG)G)C)CF\ I 1 c:x:::x: 

TL/0/9204-6 

SK LrLn 
ERASE 

CS / _~--CE~,-____ --------
01-1 1 

TL/0/9204-7 

*IE/W measured 10 rising edge of SK or CS, whichever occurs last. 

NMC9307 

-I 

~: 
:J 
Ul 
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Instruction Timing (Continued) 

SK 

EWEN 

(ERASE/:~ 1 cs / \\. ___________________ _ 
ENABLE/DISABLE) 

DI~O I _ 
ENABLE = 11 
DISABlE=OO 

TlIO/9204-8 

WRAl 
(WRITE All) uJ ~£bfU1-f1--1 

SK 

DI---..I7\O O/1~~ II /1\)( 
TLIO/9204-9 

SK 
---IIL......IL...IL......IL....IL....IL....IL....IL......IL...IL......IL.t 

.r-IEIW~ 
(ERASE~~~ { cs ./'----------------------------~L --f 

DI~O of7\o~ 
TL/O/9204-10 

'I E/W measured 10 rising edge of SK or CS, whichever occurs last. 

~ 
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i ~National 
~ ~ Semiconductor z 

NMC9313B 256-Bit Serial Electrically Erasable 
Programmable Memory 
General Description 
The NMC93138 is a 256-bit non-volatile sequential access 
memory fabricated using advanced floating gate N-channel 
E2PROM technology. It is a peripheral memory designed for 
data storage and/or timing and is accessed via the simple 
MICROWIRETM serial interface. The device contains 256 
bits of read/write memory divided into 16 registers of 16 bits 
each. Each register can be serially read or written by a 
COP400 series controller. Written information is stored in a 
floating gate cell with at least 10 years data retention and 
can be updated by an erase-write cycle. The NMC93138 
has been designed to meet applications requiring up to 
1 x 104 erase/write cycles per register. A power down 
mode reduces power consumption by 67 percent. 

Block and Connection Diagrams 

DI--4-+-+-+----+--.. 

CS--l~--------"'I 

SK----------... , 

Features 
• Low cost 
• Single supply operation (5V±10%) 

• TIL compatible 
• 16 x 16 serial read/write memory 
• MICROWIRE compatible serial I/O 
• Compatible with COP400 processors 
• Low standby power 
• Non-volatile erase and write 
• Reliable floating gate technology 

Dual-In-Llne Package (N) 

DO 

TL/D/9145-1 

VCC 

NC 

NC 

GND 

TL/D/9145-2 

Top View 

Order Number NMC9313B 
See NS Package Number NOSE 

Pin Names 

CS Chip Select 

SK Serial Data Clock 

DI 

DO 

Vee 
GND 

Serial Data Input 

Serial Data Output 

Power Supply 

Ground 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 seconds) 300'C 
contact the' National Semiconductor Sales Office/ ESORating 2000V 
Distributors for availability and specifications. 

Note: Stresses above those listed under "Absolute Maxi-
Voltage Relative to GNO +6Vto -0.3V mum Ratings" may cause permanent damage to the device. 
Ambient Operating Temperature This is a stress rating only and functional operation of the 

NMC9313B/COP494 O'Cto +70·C device at these or any other conditions above those indicat-
Ambient Storage Temperature ed in the operational sections of this specification is not 

with Oata Retention - 65·C to + 125·C implied Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

Electrical Characteristics o·c ~TA~ 70·C, Vee=5V± 10% unless otherwise specified 

Parameter Conditions Min Typ Max Units 

Operating Voltage (Vee> 4.5 5.5 V 

Operating Current (Ieel) Vee=5.5V, CS= 1 15 mA 

Standby Current (lee2) Vee=5.5V, CS=O 5 mA 

Input Voltage Levels 
VIL -0.1 0.8 V 
VIH 2.0 Vee + 0.5 V 

Output Voltage Levels 
VOL IOL =2.1 mA 0.4 V 
VOH IOH = - 400 JLA 2.4 V 

Input Leakage Current VIN=5.5V 10 JLA 

Output Leakage Current VOUT=5.5V, CS=O 10 JLA 

SK Frequency 0 200 kHz 
SK HIGH TIME tSKH (Note 2) 3 JLs 
SK LOW TIME tSKL (Note 2) 2 JLs 

Input Set-Up and Hold Times 
CS tess 0.2 JLs 

tesH 0 JLs 
01 to IS 0.4 JLs 

tOIH 0.4 JLs 

Output Oelay CL=100pF 
DO tpOl VOL =0.8V, VOH= 2.0V 2 JLs 

tpoo VIL = 0.45V, VIH = 2.40V 2 JLs 

Erase/Write Pulse Width (tE/W) (Note 1) 10 30 ms 

CS Low Time (tes) (Note 3) 1 JLS 
Note 1: tE/W measured to rising edge of SK or CS, whichever occurs last. 
Note 2: The SK frequency spec. specifies a minimum SK clock period of 5 J.LS, therefore in an SK clock cycle, tSKH + tSKL must be greater than or equal to 5 J.Ls. 
e.g. if tSKL = 2 J.Ls then the minimum tSKH = 3 J.Ls in order to meet the SK frequency specification. 
Note 3: CS must be brought low for a minimum of 1 J.Ls (les) between consecutive instruction cycles. 

Instruction Set 
Instruction 58 OpCode Address Data Comments 

REAO 01 10xx A3A2A1AO Read register A3A2A 1 AO 

WRITE 01 01xx A3A2A1AO 015-00 Write register A3A2A 1 AO 

ERASE 01 11xx A3A2A1AO Erase register A3A2A 1 AO 

EWEN 01 0011 xxxx Erase/write enable 

EWOS 01 0000 xxxx Erase/write disable 

ERAL 01 0010 xxxx Erase all registers 

WRAL 01 0001 xxxx 015-00 Write all registers 

NMC9313B has 7 Instructions as shown. Note that MSB of any given instruction is a "I" and is viewed as a start bit in 
the interface sequence. The next 8 bits carry the op code and the 4·bit address for 1 of 16, 16·bit registers. 
X Is a don't care state. 
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Functional Description 
The NMC93138 is a small peripheral memory intended for 
use with COPSTM controllers and other non-volatile memory 
applications. Its organization is sixteen registers and each 
register is sixteen bits wide. The input and output pins are 
controlled by separate serial formats. Seven 10-bit instruc
tions can be executed. The instruction format has a logical 
0, 1 as start bits, four bits as an op code, and four bits of 
address. The on-chip programming-voltage generator al
lows the user to use a single power supply (Vee>. Only dur
ing the read mode is the serial output (DO) pin valid. During 
all other modes the DO pin is in TRI-STATE®, eliminating 
bus contention. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. After a READ instruction is re
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 16-bit seri
al-out shift register. A dummy bit (logical '0') precedes the 
16-bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

Programming must be preceded once by a programming 
enable (EWEN) instruction. Programming remains enabled 
until a programming disable (EWDS) instruction is executed. 
The programming disable instruction is provided to protect 
against accidental data disturb. Execution of a READ in
struction is independent of both EWEN and EWDS instruc
tions. 

ERASE (Note 4) 

Like most E2PROMS, the register must first be erased (all 
bits set to 1s) before the register can be written (certain bits 

Timing Diagrams 

set to Os). After an ERASE instruction is input, CS is 
dropped low. This falling edge of CS determines the start of 
programming. The register at the address specified in the 
instruction is then set entirely to 1 s. When the erase/write 
programming time (tE/W) constraint has been satisfied, CS 
is brought up for at least one SK period. A new instruction 
may then be input, or a low-power standby state may be 
achieved by dropping CS low. 

WRITE (Note 4) 

The WRITE instruction is followed by 16 bits of data which 
are written into the specified address. This register must 
have been previously erased. Like any programming mode, 
erase/write time is determined by the low state of CS fol
lowing the instruction. The on-chip high voltage section only 
generates high voltage during these programming modes, 
which prevents spurious programming during other modes. 
When CS rises to VIH, the programming cycle ends. All pro
gramming modes should be ended with CS high for one SK 
period, or followed by another instruction. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar
ray have each bit set to a 1. Each register is then ready for a 
WRITE instruction. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle, except for 
the different op code. All registers are simultaneously writ
ten with the data pattern specified in the instruction. 
Note 4: During a programming mode (write, erase, chip erase, chip write), 
SK clock is only needed while the actual instruction, i.e., start bit, op code, 
address and data, is being input. It can remain deactivated during the Erase/ 
Write pulse width (tE/W). 

I· 5/Ls·----~ 

____ ~FtSKH=t r-----: ____ _ SK 

DI 

CS 

DO 
\ VOL 

TLlD/9145-3 

'This is the minimum SK period 

Synchronous Data Timing 
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READ 

WRITE 

ERASE 

SK l..fl.JLf1...n 
CS / \'-----
01 ---1 1 1 \ 0 ~JC?\ I~I ____________ _ 

=t 
~. 
:l 
c.c 
C 
Sir 

c.c .., 
Q) 

3 
en 

00 I~ ~ 
TL/O/9145-4 ~o 

ro 
S 

SK UUULrUl 
--c/W. 

~/ ~ 

01 ~ 1 ~~:x-;\ / 1 c:x::::x: 
TL/O/9145-5 

SK LrUl 
cs F - -0 ---t:~,.-------------

01~1 
TUO/9145-6 

'tE/W measured to rising edge of SK or es, whichever occurs last. Instruction Timing 
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c.l 
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o 

NMC9313B 

EWEN 
EWDS 

(ERASE/WRITE 
ENABLE/DISABLE) 

SK 

CS / \ ...... __________ _ 

DI----f7\ 0 I ~ 
ENABLE=11 
DISABLE=OO 

-I 
3" 
:i" 
cc 
c 
iir cc .., 
S» 
3 
tn 
'0 
a 

TLID/9145-7 ;a. 

WRAL 
(WRITE ALL) 

SK 

cs) ~.QjUUL ---1 

SK 

01---./7\ 0 0 / 1 ~X€\ / 1 \ x: 
TLID/9145-6 

ERAL J ./,-----------------=~ (ERASEALL)l CS C/~,.I_· --------------
01-./7\ 0 0 r-:\ 0 ~ 

TL/D/9145-9 

"t E/W measured to rising edge of SK or CS, whichever occurs last. Instruction Timing (Continued) 
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~National 
~ Semiconductor 
NMC9346 1024-Bit Serial Electrically Erasable 
Programmable Memory 

General Description 
The NMC9346 is a 1024-bit non-volatile, sequential 
E2PROM, fabricated using advanced N-channel E2PROM 
technology. It is an external memory with the 1024 bits of 
read/write memory divided into 64 registers of 16 bits each. 
Each register can be serially read or written by a COP400 
controller, or a standard microprocessor. Written informa
tion is stored in a floating gate cell until updated by an erase 
and write cycle. The NMC9346 has been designed for appli
cations requiring up to 4 x 104 erase/write cycles per regis
ter. A power-down mode is provided by CS to reduce power 
consumption by 75 percent. 

Block Diagram 

01 

CS~------------------~ 

SK--------------------~ 

INSTRUCTION 
DECODE. 

CONTROL. 
AND CLOCK 
GENERATOR 

Features 
• 40,000 erase/write cycles typical 
• 10 year data retention 

• Low cost 
• Single supply read/write/erase operations (5V±10%) 

• TTL compatible 
• 64 x 16 serial read/write memory 
• MICROWIRETM compatible serial I/O 

• Simple interfacing 
• Low standby power 
• Non-volatile erase and write 
• Reliable floating gate technology 
• Self-timed programming cycle 
• Device status signal during programming 

Pin Names 

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

DO 
Vee Power Supply 
GND Ground 
NC No Connection 

TL/D/9205-1 
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Connection Diagrams 

Dual-ln-L1ne Package (N) 

CS-1 V I ~VCC 

SK- 2 7~NC 

DI- 3 6 -NC 

00- 4 5 -GND 

TL/D/9205-2 

Top View 

See NS Package Number N08E 

Ordering Information 
Commercial Temp. Range 

(O°C to + 70°C) 

Order Number 

NMC9346N 
NMC9346M 

NMC9346M8 

Absolute Maximum Ratings 

14-Pln 
SO Package (M) 

NC-1 14 -NC 

CS- 2 13 -Vee 

SK- 3 12 ~NC 

NC- 4 11 f-NC 

01- 5 10l-NC 

00- 8 91-GNO 

NC- 7 II-NC 

TLID/9205-3 

Top View 

See NS Package Number M14B 
Device Marking: 9346M14 

9346EM14,9346MM14 

Extended Temp. Range 
( - 40°C to + 85°C) 

Order Number 

NMC9346EN 
NMC9346EM 

NMC9346EM8 

8-Pln 
SO Package (M8) 

CS- 1 \.J 8 ~vcc 

SK- 2 7 ~NC 

01- 3 6 ~NC 

00- " 5 ~GNO 

TL/D/9205-7 

Top View 

See-NS Package Number M08A 
Device Marking: 9346, 

9346E, 9346M 

Military Temp. Range 
(-55°C to + 125°C) 

Order Number 

NMC9346MN 
NMC9346MM 
NMC9346MM8 

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

Ambient Storage Temperatures 
NMC9346 
NMC9346E 

O°Cto + 70°C 
-40°C to + 85°C 

Voltage Relative to GND + 6V to - 0.3V 

Ambient Storage Temperature 

Lead Temperature 
(Soldering, 10 seconds) 

ESD rating. 

- 65°C to + 125°C 

300°C 

2000V 

NMC9346M - 55°C to + 125°C 

Positive Supply Voltage 4.5Vto 5.5V 

DC and AC Electrical Characteristics Vee = 5V ± 10% unless otherwise specified 

Symbol Parameter Part Number Conditions Min Max Units 

Vee Operating Voltage NMC9346, NMC9346E 
4.5 5.5 V 

NMC9346M 

Ice1 
Operating Current NMC9346 Vee=5.5V, CS= 1, SK= 1 12 rnA 
Erase/Write Operating Current Vee=5.5V 12 rnA 

Operating Current NMC9346E Vee=5.5V, CS= 1, SK= 1 14 mA 
Erase/Write Operating Current Vee=5.5V 14 mA 

Operating Current NMC9346M Vee = 5.5V, CS= 1, SK= 1 15 mA 
Erase/Write Operating Current Vee=5.5V 15 mA 
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DC and AC Electrical Characteristics Vee = 5V ± 10% unless otherwise specified (Continued) 

Symbol Parameter Part Number Conditions Min Max Units 

lee2 Standby Current NMC9346 Vee = 5.5V, CS = 0 3 mA 

Standby Current NMC9346E Vee=5.5V, CS=O 4 mA 

Standby Current NMC9346M* Vee=5.5V, CS=O 5 mA 

Input Voltage Levels NMC9346, NMC9346E, 

VIL NMC9346M -0.1 0.8 V 
VIH 2.0 Vee+ 1 V 

Output Voltage Levels NMC9346, NMC9346E, 

VOL NMC9346M IOL=2.1 mA 0.4 V 
VOH IOH= -400 p.A 2.4 V 

III Input Leakage Current NMC9346, NMC9346E, VIN=5.5V 10 p.A 
NMC9346M 

ILO Output Leakage Current NMC9346, NMC9346E, Vour=5.5V, CS=O 10 p.A 
NMC9346M 

SK Frequency MMC9346 0 250 kHz 
tSKH SK High Time (Note 2) 1 p.s 
tSKL SK Low Time (Note 2) 1 p's 

SK Frequency MMC9346E 0 kHz 
SK High Time (Note 2) 1 250 p's 
SK Low Time (Note 2) 1 p.s 

SK Frequency MMC9346M 0 kHz 
SK High Time (Note 2) 2 200 p's 
SK Low Time (Note 2) 1 ,...s 

Inputs NMC9346, NMC9346E, 

tess CS NMC9346M 0.2 p.s 
tesH 0 p.s 
tOIS 01 0.4 p's 
tOIH 0.4 p's 

Output NMC9346, CL =100 pF 

tpd1 DO NMC9346E, VOL=0.8V, VOH=2.0V 2 p.s 
tpdO NMC9346M VIL =0.45V, VIH=2.40V 2 p's 

tE/W Self-Timed Program Cycle NMC9346 10 ms 

Self-Timed Program Cycle NMC9346E 10 ms 

Self-Timed Program Cycle NMC9346M 12 ms 

tcs Min CS Low Time (Note 3) NMC9346, NMC9346E, 
1 p.s 

NMC9346M 

tsv Rising Edge of CS to Status Valid NMC9346, NMC9346E, CL =100 pF 
1 p.s 

NMC9346M 

tOH, tlH Falling Edge of CS to DO TRI-STATE® NMC9346, NMC9346E, 
0.4 p.s 

NMC9346M • Endurance NMC9346, NMC9346E, Data Changes Typical 
Cycles 

NMC9346M per Bit 40,000 

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 spec. specifies a minimum SK clock period of 4 /Ls, therefore in an SK clock cycle tSKH + tSKL must be greater than or equal to 4 /Ls. 
e.g., if tSKL = 1 /Ls then the minimum tSKH = 3 /Ls in order to meet the SK frequency specification. 

Note 3: CS must be brought low for a minimum of 1 /Ls (les) between consecutive instruction cycles. 

'Thruout this table "M" refers to temperature range (- 55°C to + 125°C), not package. 
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Functional Description 
The NMC9346 is a small peripheral memory intended for 
use with COPSTM controllers and other nonvolatile memory 
applications. The NMC9346 is organized as sixty·four regis· 
ters and each register is sixteen bits wide. The input and 
output pins are controlled by separate serial formats. Seven 
9·bit instructions can be executed. The instruction format 
has a logical '1 ' as a start bit, two bits as an op code, and six 
bits of address. The programming cycle is self·timed, with 
the data out (~O) pin indicating the ready/busy status of the 
chip. The on·chip programming voltage generator allows the 
user to use a single power supply (Vee>. It only generates 
high voltage during the programming modes (write, erase, 
chip erase, chip write) to prevent spurious programming duro 
ing other modes. The DO pin is valid as data out during the 
read mode, and if initiated, as a ready/busy status indicator 
during a programming cycle. During all other modes the DO 
pin is in TRI·STATE, eliminating bus contention. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. After a read instruction is reo 
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 16·bit serio 
al·out shift register. A dummy bit (logical '0') precedes the 
16·bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

When Vee is applied to the part it powers up in the program· 
ming disable (EWOS) state, programming must be preceded 
by a programming enable (EWEN) instruction. Programming 
remains enabled until a programming disable (EWOS) in· 
struction is executed or Vee is removed from the part. The 
programming enable instruction (EWEN) is needed to keep 
the part in the enable state if the power supply (Vee> noise 
falls below operating range. The programming disable in· 
struction is provided to protect against accidental data dis· 
turbo Execution of a read instruction is independent of both 
EWEN and EWOS instructions. 

ERASE (Note 4) 

Like most E2PROMs, the register must first be erased (all 
bits set to logical '1') before the register can be written (cer· 

Instruction Set for NMC9346 
Instruction SB OpCode Address 

READ 1 10 A5A4A3A2A1AO 

WRITE 1 01 A5A4A3A2A1AO 

ERASE 1 11 A5A4A3A2A1AO 

EWEN 1 00 11xxxx 

EWOS 1 00 OOxxxx 

ERAL 1 00 10xxxx 

WRAL 1 00 01xxxx 

tain bits set to logical '0'). After an erase instruction is input, 
CS is dropped low. This falling edge of CS determines the 
start of the self·timed programming cycle. If CS is brought 
high subsequently (after observing the tcs specification), 
the DO pin will indicate the ready/busy status of the chip. 
The DO pin will go low if the chip is still programming. The 
DO pin will go high when all bits of the register at the ad· 
dress specified in the instruction have been set to a logical 
'1'. The part is now ready for the next instruction sequence. 

WRITE (Note 4) 

The write instruction is followed by 16 bits of data to be 
written into the specified address. After the last bit of data 
(~O) 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 CS initiates the self·timed programming cycle. Like all 
programming modes, DO indicates the ready/busy status of 
the chip if CS is brought high after a minimum of 1 Il-S (tcs). 
DO = logical '0' indicates that programming is still in prog· 
ress. DO = logical '1' indicates that the register at the ad· 
dress specified in the instruction has been written with the 
data pattern specified in the instruction and the part is ready 
for another instruction. The register to be written into must 
have been previously erased. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
EraSing the chip means that all registers in the memory ar· 
ray have each bit set to a logical '1'. Each register is then 
ready for a write instruction. The chip erase cycle is identical 
to the erase cycle except for the different op code. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle except for 
the different op code. All registers are simultaneously writ· 
ten with the data pattern specified in the instruction. 
Note 4: During a programming mode (write, erase, chip erase, chip write), 

SK clock Is only needed while the actual Instruction, i.e., start bit, op 
code, address and data, Is being Input. It can remain deactivated 
during the self·tlmed programming cycle and status check. 

Data Comments 

Read Register A5A4A3A2A 1 AO 

015-00 Write Register A5A4A3A2A 1 AO 

Erase Register A5A4A3A2A1AO 

Erase/Write Enable 

Erase/Write Disable 

Erase All Registers 

015-00 Write All Registers 

NMC9346 has 7 Instructions as shown. Note that the MSB of any given Instruction Is a "1" and Is viewed as a start bit In the 
Interface sequence. The next 8 bits carry the op code and the 6·bit address for 1 of 64, 16·blt registers. 
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Timing Diagrams 

Synchronous Data Timing 

I' 4 ).LS* 'I 

~tSKH l tSKL ·1 

tDiS -+---+t--+--tDIH tDIH 
0.4 ).LS 

V1H 
0.4 ).LS 0.4 ).LS 

DI 

tess -1------.1 

0.2 ).LS 
V1H 

CS 

VOH 

DO __ \J.,_-----'v 
·This is the minimum SK period (5 /Ls for NMC9306M) 
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Instruction Timing 
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Instruction Timing 
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CS / 
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NMC9314B 1024-Bit Serial Electrically Erasable 
Programmable Memory 

General Description 
The NMC9314B is a 1024-bit non-volatile, sequential 
E2PROM, fabricated using advanced N-channel E2PROM 
technology. It is an external memory with the 1024 bits of 
read/write memory divided into 64 registers of 16 bits each. 
Each register can be serially read or written by a COP400 
controller, or a standard microprocessor. Written informa
tion is stored in a floating gate cell until updated by an erase 
and write cycle. The NMC9314B has been designed for ap
plications requiring up to 104 erase/write cycles per regis
ter. A power-down mode is provided by CS to reduce power 
consumption by 75 percent. 

Block and Connection Diagrams 

01 .......... ++----+--..... 

cs-I---------.... 

SK-------------~ 

INSTRUCTION 
DECODE. 

CONTROL. 
AND CLOCK 
GENERATOR 

Features 
• 10,000 erase/write cycles 
• 10 year data retention 

• Low cost 
• Single supply read/write/ erase operations (5V ± 10%) 

• TTL compatible 
• 64 x 16 serial read/write memory 
• MICROWIRETM compatible serial I/O 
• Simple interfacing 
• Low standby power 
• Non-volatile erase and write 
• Reliable floating gate technology 
• Self-timed programming cycle 
• Device status signal during programming 

Dual-ln-L1ne Package (N) 

DO 

TL/O/9144-1 

CS vce 

SK NC 

01 NC 

DO GNO 

TL/O/9144-2 

Top View 

Order Number NMC9314N 
See NS Package N08E 

Pin Names 
CS Chip Select 
SK Serial Data Clock 
01 
DO 
Vee 
GND 
NC 

Serial Data Input 
Serial Data Output 
Power Supply 
Ground 
Not Connected 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Ambient Storage Temp. - 65°C to + 125°C 
contact the National Semiconductor Sales Office/ Lead Temperature (Soldering. 10 seconds) 300°C 
Distributors for availability and specifications. 

ESO Rating >2000V 
Voltage Relative to GNO +6Vto -0.3V 

Ambient Operating Temperature O°Cto +70°C 

DC and AC Electrical Characteristics 0°C~TA~70°C. Vee=5V±10% unless specified 

Symbol Parameter Conditions Min Max Units 

Vee Operating Voltage 4.5 5.5 V 

leel 
Operating Current Vee=5.5V. CS= 1. SK= 1 17 mA 
Erase/Write Operating Current Vee=5.5V 17 mA 

lee2 Standby Current Vee=5.5V. CS=O 5 mA 

Input Voltage Levels 

VIL -0.1 O.B V 

VIH 2.0 Vee+ 0.5 V 

Output Voltage Levels 

VOL IOL =2.1 mA 0.4 V 

VOH IOH= -400 /-tA 2.4 V 

III Input Leakage Current VIN=5.5V 10 /-tA 

ILO Output Leakage Current VOUT=5.5V. CS=O 10 /-tA 

SK Frequency 0 200 kHz 

tSKH SK High Time (Note 2) 3 /-ts 
tSKL SK Low Time (Note 2) 2 /-ts 

Inputs 

tess CS 0.2 /-ts 
tesH 0 /-ts 
tOIS 01 0.4 /-ts 
tOIH 0.4 /-ts 

Output CL =100 pF 

tpd1 00 VOL =O.BV. VOH=2.0V 2 /-ts 
tpdO VIL = 0.45V. VIH = 2.40V 2 /-ts 

tE/W Self-Timed Program Cycle 15 ms 

tes Min CS Low Time (Note 3) 1 /-ts 

tsv Rising Edge of CS to Status Valid CL =100 pF 1 /-ts 

tOH. tlH Falling Edge of CS to 00 TRI-STATE® 0.4 /-tS 

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 spec. specifies a minimum SK clock period of 5 fLs, therefore in an SK clock cycle tSKH + tSKL must be greater than or equal to 5 fLs. 
e.g., if tSKL = 2 fLs then the minimum tSKH = 3 fLs in order to meet the SK frequency specification. 

Note 3: CS must be brought low for a minimum of 1 fLs (les) between consecutive instruction cycles. 

Instruction Set for NMC9314B 
Instruction 58 OpCode Address Data Comments 

REAO 1 10 A5A4A3A2A1AO Read register A5A4A3A2A 1 AD 

WRITE 1 01 A5A4A3A2A1AO 015-00 Write register A5A4A3A2A 1 AD 

ERASE 1 11 A5A4A3A2A1AO Erase register A5A4A3A2A 1 AO 

EWEN 1 00 11xxxx Erase/write enable 

EWOS 1 00 OOxxxx Erase/write disable 

ERAL 1 00 10xxxx Erase all registers 

WRAL 1 00 01xxxx 015-00 Write all registers 

NMC9314B has 7 instructions as shown. Note that the MSB of any given instruction is a "1" and is viewed as a start bit in 
the interface sequence. The next 8 bits carry the op code and the 6-bit address for 1 of 64, 16-bit registers. 
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Functional Description 
The NMC9314B is a small peripheral memory intended for 
use with COPSTM controllers and other nonvolatile memory 
applications. Its organization is sixty-four registers and each 
register is sixteen bits wide. The input and output pins are 
controlled by separate serial formats. Seven 9-bit instruc
tions can be executed. The instruction format has a logical 
'1' as a start bit, two bits as an op code, and six bits of 
address. The programming cycle is self-timed, with the data 
out (DO) pin indicating the ready/busy status of the chip. 
The on-chip programming voltage generator allows the user 
to use a single power supply (Vee). It only generates high 
voltage during the programming modes (write, erase, chip 
erase, chip write). The DO pin is valid as data out during the 
read mode, and if initiated, as a ready/busy status indicator 
during a programming cycle. During all other modes the DO 
pin is in TRI-STATE, eliminating bus contention. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. After a read instruction is re
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 16-bit seri
al-out shift register. A dummy bit (logical '0') precedes the 
16-bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

When Vee is applied to the part it powers up in the program
ming disable (EWDS) state, programming must be preceded 
by a programming enable (EWEN) instruction. Programming 
remains enabled until a programming disable (EWDS) in
struction is executed or Vee is removed from the part. The 
programming disable instruction is provided to protect 
against accidental data disturb. Execution of a read instruc
tion is independent of both EWEN and EWDS instructions. 

ERASE (Note 4) 

Like most E2PROMs, the register must first be erased (all 
bits set to logical '1 ') before the register can be written (cer
tain bits set to logical '0'). After an erase instruction is input, 
CS is dropped low. This falling edge of CS determines 

Timing Diagrams 

the start of the self-timed programming cycle. If CS is 
brought high subsequently (after observing the tes specifi
cation), the DO pin will indicate the ready/busy status of the 
chip. The DO pin will go low if the chip is still programming. 
The DO pin will go high when all bits of the register at the 
address specified in the instruction have been set to a logi
cal '1'. The part is now ready for the next instruction se
quence. 

WRITE (Note 4) 

The 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 CS initiates the self-timed programming cycle. Like all 
programming modes, DO indicates the ready/busy status of 
the chip if CS is brought high after a minimum of 1 J-LS (tes). 
DO = logical '0' indicates that programming is still in prog
ress. 00= logical '1' indicates that the register at the ad
dress specified in the instruction has been written with the 
data pattern specified in the instruction and the part is ready 
for another instruction. The' register to be written into must 
have been previously erased. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar
ray have each bit set to a logical '1'. Each register is then 
ready for a write instruction. The chip erase cycle is identical 
to the erase cycle except for the different op code. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle except for 
the different op code. All registers are simultaneously writ
ten with the data pattern specified in the instruction. 
Note 4: During a programming mode (write, erase, chip erase, chip write), 
SK clock is only needed while the actual instruction, i.e., start bit, op code, 
address and data, is being input. It can remain deactivated during the self· 
timed programming cycle and status check. 

Synchronous Data Timing 

SK 
VIL ___ .. 

01 

CS 
Vll 

VOH ----...... 
DO 

VOL -----,-----' 
TL/O/9144-3 

·This is the minimum SK period. 
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Instruction Timing 
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Instruction Timing 

SK UUUlIlJlJl...fUl 
cs / 

DI ~~. __ +-__ -+ ____ .~ ________ ~ ______ ___ 

DO TRI-STATE . "'l..!!!---.Il 
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CS/- ----
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~National 
~ Semiconductor 
NMC93C56/C66 2048-Bit/4096-Bit Serial 
Electrically Erasable Programmable Memories 
General Description 
The NMC93C56INMC93C66 are 2048/4096 bits of CMOS 
electrically erasable memory divided into 128/256 16-bit 
registers. They are fabricated using National Semiconduc
tor's floating-gate CMOS process for high speed and low 
power. They operate from a single 5V supply since Vpp is 
generated on-board. The serial organization allow the 
NMC93C56/66 to be packaged in an 8-pin DIP or 14-pin SO 
package to save board space. 

The memories feature a serial interface with the instruction, 
address, and write data, input on the Data-In (01) pin. All 
read data and device status come out on the Data-Out (DO) 
pin. A low-to-high transition of shift clock (SK) shifts all data 
in and out. This serial interface is MICROWIRETM compati
ble for simple interface to standard microcontrollers and mi
croprocessors. There are 7 instructions: Read, Erase/Write 
Enable, Erase, Erase All, Write, Write All, and Erase/Write 
Disable. The NMC93C56/66 do not require an erase cycle 
prior to the Write and Write All instructions. The Erase and 
Erase All instructions are available to maintain complete 
read and programming capability with the NMOS NMC9346. 
All programming cycles are completely self-timed for simpli
fied operation. The busy status is available on the DO pin to 
indicate the completion of a programming cycle. EEPROMs 
are shipped in the erased state where all bits are logical1's. 

Block Diagram 

~----------------------M 
SK-r==::::;~----+i 

OJ 

DO+-----------------~ 

Compatibility with Other Devices 
These memories are pin compatible to National Semicon
ductor's NMOS EEPROMs, NMC9306 and NMC9346 and 
CMOS EEPROMs NMC93C06/26/46. The NMC93C56/66 
are both pin and function compatible with the 
NMC93C06/26/46, 256/512/1024-bit EEPROM with the 
one exception that the NMC93C56/66 require 2 additional 
address bits. 

Features 
• Typical active current 400 p,A; Typical standby current 

25 p,A 
• Reliable CMOS floating gate technology 
• 5V only operation in all modes 
• MICROWIRE compatible serial I/O 
• Self-timed programming cycle 
• Device status signal during programming mode 
• Sequential register read 
• Over 10 years data retention 
• Typical 40,000 writes 

INSTRUCTION 
DECODER, 

CONTROL LOGIC, 
AND CLOCK 

GENERATORS. 

+-- Vee 

HIGH VOLTAGE 
GENERATOR 

AND 
PROGRAM 

TIMER 

TL/D/9617-1 
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CD 
CD 
0 Connection Diagrams C") 
0) 

0 Dual-In-Llne Package (N) :E 
Z ...... '-' CD CS-l 8 -Vee 1.1) 

0 SK- 2 7 -NC 
C") 
0) 01- 3 6 -NC 
0 
:E 00- 4 5 -GNO 
Z 

TLIO/9617-2 

Top View 

See NS Package Number NOSE 

Ordering Information 

Pin Names 

CS Chip Select 

SK Serial Data Clock 

01 Serial Data Input 

DO Serial Data Output 

GND Ground 

Vee Power Supply 

Commercial Temp. Range (O°C to + 70°C) 

Order Number 

NMC93C56N/NMC93C66N 

NMC93C56M/NMC93C66M 

Extended Temp. Range ( - 40°C to + S5°C) 

Order Number 

NMC93C56EN/NMC93C66EN 

NMC93C56EM/NMC93C66EM 

Military Temp. Range ( - 55°C to + 125°C) 

Order Number 

NMC93C56MN/NMC93C66MN 

NMC93C56MM/NMC93C66MM 

3-54 

SO Package (M) 

NC-l 

CS- 2 

SK- 3 

NC- 4 

01- 5 

00- 6 

NC- 7 

Top View 

lH-NC 

13 -Vee 

12 -NC 

ll-NC 

10 -NC 

9 -GNO 

8 -NC 

TLIO/9617 -3 

See NS Package Number M14A 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Ambient Operating Temperature 
contact the National Semiconductor Sales Office/ NMC93C56INMC93C66 
Distributors for availability and specifications. NMC93C56E/NMC93C66E 

Ambient Operating Temperature - 6S·C to + 1S0·C NMC93C56MINMC93C66M 

All Input or Output Voltages + 6.5V to -0.3V 
(Mil. Temp.) 

with Respect to Ground Positive Power Supply 

Lead Temp. (Soldering. 10 sec.) +300·C 

ESD Rating 2000V 

DC and AC Electrical Characteristics Vcc = sv ± 10% (unless otherwise specified) 

Symbol Parameter Part Number Conditions Min 

ICC1 Operating Current NMC93C56/NMC93C66 CS = VIH. SK = 1 MHz 
CMOS Input Levels NMC93CS6EINMC93C66E SK = 0.5 MHz 

NMC93CS6M/NMC93C66M· SK = 0.5 MHz 

ICC2 Operating Current NMC93C56/NMC93C66 CS = VIH. SK = 1 MHz 
TTL Input Levels NMC93CS6EINMC93C66E SK = 0.5 MHz 

NMC93C56MINMC93C66M SK = 0.5 MHz 

ICC3 Standby Current NMC93CS6/NMC93C66 CS = OV 
NMC93C56EINMC93C66E 
NMC93CS6MINMC93C66M 

IlL Input Leakage NMC93C56/NMC93C66 VIN = OVto Vcc -2.S 
NMC93CS6E/NMC93C66E -10 
NMC93C56M/NMC93C66M -10 

IOL Output Leakage NMC93CS6INMC93C66 VIN = OVto Vcc -2.S 
NMC93C56EINMC93C66E -10 
NMC93CS6MINMC93C66M -10 

VIL Input Low Voltage -0.1 

VIH Input High Voltage 2 

VOL1 Output Low Voltage IOL = 2.1 rnA 

VOH1 Output High Voltage IOH = -400 IJ.A 2.4 

VOL2 Output Low Voltage IOL = 10 IJ.A 
VOH2 Output High Voltage IOH = -10 IJ.A Vcc - 0.2 

fSK SK Clock Frequency NMC93CS6/NMC93C66 0 
NMC93CS6EINMC93C66E 0 
NMC93C56M/NMC93C66M 0 

tSKH SKHighTime NMC93CS6/NMC93C66 (Note 2) 2S0 
NMC93C56E/NMC93C66E (Note 3) 500 
NMC93CS6MINMC93C66M (Note 3) SOO 

tSKL SKLowTime NMC93CS6/NMC93C66 (Note 2) 250 
NMC93CS6EINMC93C66E (Note 3) SOO 
NMC93CS6M/NMC93C66M (Note 3) SOO 

tcs MinimumCS NMC93CS6/NMC93C66 (Note 4) 250 
Low Time NMC93CS6EINMC93C66E (Note S) SOO 

NMC93CS6MINMC93C66M (Note S) SOO 

tcss CS Setup Time NMC93CS6INMC93C66 Relative to SK 50 
NMC93CS6E/NMC93C66E 100 
NMC93CS6M/NMC93C66M 100 

°Note: Throughout this table "M" refers to temperature range (-SSOC to + 12S0C), not package type. 

3-S5 

O·C to + 10·C 
- 40·C to + 8S·C 

- S5·C to + 12S·C 

4.SVto S.SV 

Max Units 

2 
2 rnA 
2 

3 
3 rnA 
4 

SO 
100 IJ.A 
100 

2.S 
IJ.A 

10 
10 

IJ.A 

2.S 
IJ.A 10 

10 
IJ.A 

0.8 V 

Vcc + 1 V 

0.4 V 
V 

0.2 V 
V 

1 
O.S MHz 
O.S 

ns 

ns 

ns 

ns 
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DC and AC Electrical Characteristics Vee = 5V ± 10% (unless otherwise specified) (Continued) 

Symbol Parameter Part Number Conditions Min Max Units 

tOIS 01 Setup Time NMC93C56/NMC93C66 Relative to SK 100 
N MC93C56EI NMC93C66E 200 ns 
NMC93C56M/NMC93C66M 200 

tesH CS Hold Time Relative to SK 0 ns 

tOIH 01 Hold Time N MC93C56/N MC93C66 Relative to SK 100 
NMC93C56E/NMC93C66E 200 ns 
NMC93C56M/NMC93C66M 200 

tp01 Output Delay to "1" NMC93C56/NMC93C66 ACTest 500 
NMC93C56E/NMC93C66E 1000 ns 
NMC93C56M/NMC93C66M 1000 

tpoo Output Delay to "0" N MC93C561 NMC93C66 ACTest 500 
N MC93C56EI NMC93C66E 1000 ns 
NMC93C56M/NMC93C66M 1000 

tsv CS to Status Valid NMC93C56/NMC93C66 ACTest 500 
NMC93C56E/NMC93C66E 1000 ns 
NMC93C56M/NMC93C66M 1000 

tOF CSto DO in NMC93C56/NMC93C66 ACTest 100 
TRI-STATE® NMC93C56E/NMC93C66E CS = VIL 200 ns 

NMC93C56M/NMC93C66M 200 

twp Write Cycle Time 10 ms 

Endurance Number of Data Typical 
Cycles 

Changes per Bit 40,000 

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 ""s, therefore in an SK clock cycle tSKH + tSKL must be 
greater than or equal to 1 ,,"s. For example if tSKL = 250 ns then the minimum tSKH = 750 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 ""s, therefore in an SK clock cycle 
tSKH + tSKL must be greater than or equal to 2 ,,"s. For example, if the tSKL = 500 ns then the minimum tSKH = 1.5 ""S in order to meet the SK frequency 
specification. 

Note 4: For Commercial parts CS must be brought low for a minimum of 250 ns (les) between consecutive instruction cycles. 

Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (tes) between consecuti~e instruction cycles. 

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

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

Symbol Test Typ Max Units Input Pulse Levels O.4Vto 2.4V 

COUT Output Capacitance 5 pF 
Timing Measurement Reference Level 

Input 1V and 2V 

CIN Input Capacitance 5 pF Output 0.8Vand 2V 
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Functional Description 
The NMC93C56 and NMC93C66 have 7 instructions as de
scribed 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 
register selection. 

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 output 
string. Output data changes are initiated by a low to high 
transition of the SK clock. 

Erase/Write Enable (EWEN): 

When Vee is applied to the part, it powers up in the Erase/ 
Write Disable (EWDS) state. Therefore, all programming 
modes must be preceded by an Erase/Write Enable 
(EWEN) instruction. Once an Erase/Write Enable instruc
tion is executed, programming remains enabled until an 
Erase/Write Disable (EWDS) instruction is executed or Vee 
is removed from the part. 

Erase (ERASE): 

The ERASE instruction will program all bits in the specified 
register to the logical '1' state. CS is brought low following 
the loading of the last address bit. This falling edge of the 
CS pin initiates the self-timed programming cycle. 

The DO pin indicates the READY/BUSY 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 prog
ress. DO = logical '1' indicates that the register, at the 
address specified in the instruction, has been erased, and 
the part is ready for another instruction. 

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 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 CS initiates the self-timed programming cycle. The DO 
pin indicates the READY/BUSY status of the chip if CS is 
brought high after a minimum of 250 ns (tes). DO = logical 
o indicates that programming is still in progress. DO = logi
cal 1 indicates that the register at the address specified in 
the instruction has been written with the data pattern speci
fied in the instruction and the part is ready for another in
struction. 

Erase All (ERAL): 

The ERAL instruction will simultaneously program all regis
ters in the memory array and set each bit to the logical '1' 
state. The Erase All cycle is identical to the ERASE cycle 
except for the different op-code. As in the ERASE mode, 
the DO pin indicates the READY/BUSY status of the chip if 
CS is brought high after a minimum of 250 ns (tes). 

Write All (WRAL): 

The (WRAL) instruction will simultaneously program all reg
isters with the data pattern specified in the instruction. As in 
the WRITE mode, the DO pin indicates the READY/BUSY 
status of the chip if CS is brought high after a minimum of 
250 ns (tes). 

Erase/Write Disable (EWDS): 

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

Instruction Set for the NMC93C56 and NMC93C66 
Instruction 58 OpCode Address Data Comments 

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

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

ERASE 1 11 A7-AO Erase register A7 A6A5A4A3A2A 1 AO. 

ERAL 1 00 10XXXXXX Erases all registers. 

WRITE 1 01 A7-AO 015-00 Writes register if address is unprotected. 

WRAL 1 00 01XXXXXX 015-00 Writes all registers. Valid only when Protect Register 
is cleared. 

EWDS 1 00 OOXXXXXX Disables all programming instructions. 
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Timing Diagrams 
Synchronous Data Timing 

V1H 
SK V

1L 
____ ....... 

VIH_""I.,..._-I-__ 'I' ____ ~ ,---+--"" 1' ___ -+-__ _ 
01 V1L _..1'1'''-_-1-__ '1'' ____ -''' "'-_-+ __ ,", '" ___ ...... __ _ 

VOH_~~----""I 
DO (REAO}V

OL 

VOH 
DO (PROGRAt.f}V ----c. 

OL "'-------------------------------------------'"' 
TL/D/9617-4 

·This is the minimum SK period (Note 2). 

READ: 

CSJ 

OO------------___ ~~~~:>___ 

·Address bit A7 becomes a "don't care" for NMC93C56. 

·The memory automatically cycles to the next register. 

CSJ 

SK 

01 

TL/D/9617-5 

EWEN: 

.~io-.-__ _ 

TL/D/9617-6 
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Timing Diagrams (Continued) 

EWDS: 

csJ 
SK 

01 o o o o · :>0\""'-----
TLlD/9617-7 

WRITE: 

csJ 
SK JlfUlJUlJUUU 

TLlD/9617-B 

·Address bit A7 becomes a "don't care" for NMC93C56. 

WRAL: 

SK UUUUUUUL 
01 o o o .. )0E)(~ ...... ------
OO--------------------------------~ZZI~--------~,~--_1--~ 

TLlD/9617-9 
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Timing Diagrams (Continued) 

ERASE: 

SK 

CSJ 

01 .. ~~--~--~~------~~---
tlH 1_-- TRI-STATE OO __ ~TR~I-~S~~~TE~ ____________________ ~~~S ______ ~~+-__ ~ 

1'-""' ... ...,,1 

TLIO/9617-10 

ERAL: 

SK 

cs J 

01 ~ ..... O_0-Jf7\ 0 IVV/7IIII!h, 
TRI-STATE 

OO--~~~----------------------------~I~+---1l __ ' __ #1 

TL/O/9617-11 
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~National 
~ Semiconductor 

PRELIMINARY 

NMC93CS56/CS66 2048-Bit/4096-Bit Serial 
Electrically Erasable Programmable Memories 
General Description 
The NMC93CS56/NMC93CS66 are 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 ad
dress 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 attempts 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. No separate 
erase cycle is required before write. The "write" cycle is 
only enabled when pin 6 (program enable) is held "high". If 
the address of the register to be written is less than the ad-

Block Diagram 

CS----------------------~~ 

SK---.;::::::==:;------+t 
01 

dress 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 400 ,...A; Typical standby current 

25,...A 
• Reliable CMOS floating gate technology 
• 5 volt only operation in all modes 
• MICROWIRE compatible serial I/O 
• Self-timed programming cycle 
• Device status signal during programming mode 
• Sequential register read 
• Over 10 years data retention 
• 40,000 write cycles typical 

INSTRUCTION 
DECODER, 

CONTROL LOGIC, 
AND CLOCK 

GENERATORS. 

ADDRESS COt.lPARE 
AND 

WRITE ENABLE 

+-VCC 
1+------------ PRE 

.... ----41-- PE 

...... ____ -a EN 

00+---------------------1 
TL/D/9209-3 
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CD 
CD 
tJ) Connection Diagrams (.) 
C") 
en PIN OUT: 
(.) 

Dual-In-Llne Package (N) :e 
Z 
........ 
CD ~Ov~ 1.1) 
tJ) SK 2 7 PRE 
(.) 
C") 01 3 6 PE en 
(.) DO 4 5 GNO :e 
Z 

TL/D/9209-1 

Top View 

See NS Package Number N08E 

Ordering Information 

Pin Names 
CS Chip Select 
SK Serial Data Clock 
DI Serial Data Input 

DO Serial Data Output 
GND Ground 
PE Program Enable 

PRE Protect Register Enable 

Vee Power Supply 

Commercial Temp. Range (O°C to + 70°C) 

Order Number 

NMC93CS56N/NMC93CS66N 
NMC93CS56M/NMC93CS66M 

Extended Temp. Range (- 40°C to + 85°C) 

Order Number 

NMC93CS56EN/NMC93CS66EN 
NMC93CS56EM/NMC93CS66EM 

Military Temp. Range ( - 55°C to + 125°C) 

Order Number 

NMC93CS56MN/NMC93CS66MN 
NMC93CS56MM/NMC93CS66MM 
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PIN OUT: 
SO Package (M) 

\J 
NC- 1 14 -NC 

CS- 2 13 -Vee 

SK- 3 12 -PRE 

NC- 4 ll-NC 

01- 5 10 -PE 

00- 6 9 -GNO 

NC- 7 8 -NC 

TL/D/9209-2 

Top View 

See NS Package Number M14A 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Ambient Operating Temperature 
contact the National Semiconductor Sales Office/ NMC93CS56/MNC93CS66 
Distributors for availability and specifications. NMC93CS56E/NMC93CS66E 

Ambient Operating Temperature - 65·C to + 150·C NMC93CS56M/NMC93CS66M 

All Input or Output Voltages + 6.5V to - 0.3V 
(Mil. Temp.) 

with Respect to Ground Positive Power Supply 

Lead Temp. (Soldering, 10 sec.) +300·C 

ESD rating 2000V 

DC and AC Electrical Characteristics Vcc = 5V ± 10% (unless otherwise specified) 

Symbol Parameter Part Number Conditions Min 

ICC1 Operating Current NMC93CS56/NMC93CS66 CS = VIH, SK = 1 MHz 
CMOS Input Levels NMC93CS56E/NMC93CS66E SK = 0.5 MHz 

NMC93CS56M/NMC93CS66M* SK = 0.5 MHz 

ICC2 Operating Current NMC93CS56INMC93CS66 CS = VIH, SK = 1 MHz 
TTL Input Levels NMC93CS56E/NMC93CS66E SK = 0.5 MHz 

NMC93CS56M/NMC93CS66M SK = 0.5 MHz 

ICC3 Standby Current NMC93CS56INMC93CS66 CS = OV 
NMC93CS56E/NMC93CS66E 
NMC93CS56M/NMC93CS66M 

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

NMC93CS56E/NMC93CS66E -10 

NMC93CS56M/NMC93CS66M -10 

IOL Output Leakage NMC93CS56/NMC93CS66 VOUT = OV to Vcc -2.5 

NMC93CS56E/NMC93CS66E -10 

NMC93CS56M/NMC93CS66M -10 

VIL Input Low Voltage -0.1 

VIH Input High Voltage 2 

VOL1 Output Low Voltage IOL = 2.1 mA 

VOH1 Output High Voltage IOH = -400 p.A 2.4 

VOL2 Output Low Voltage IOL = 10 p.A 

VOH2 Output High Voltage IOH = -10 p.A Vcc - 0.2 

fSK SK Clock Frequency NMC93CS56/NMC93CS66 0 
N MC93CS56EI N MC93CS66E 0 
N MC93CS56MI N MC93CS66M 0 

tSKH SK High Time NMC93CS56INMC93CS66 (Note 2) 250 
N MC93CS56EI N MC93CS66E (Note 3) 500 
NMC93CS56M/NMC93CS66M (Note 3) 500 

tSKL SK Low Time NMC93CS56INMC93CS66 (Note 2) 250 
N MC93CS56EI N MC93CS66E (Note 3) 500 

NMC93CS56M/NMC93CS66M (Note 3) 500 

tcs MinimumCS NMC93CS56INMC93CS66 (Note 4) 250 

Low Time N MC93CS56EI N MC93CS66E (Note 5) 500 
NMC93CS56M/NMC93CS66M (Note 5) 500 

tcss CS Setup Time NMC93CS56/NMC93CS66 Relative to SK 50 
NMC93CS56EI N MC93CS66E 100 

NMC93CS56M/NMC93CS66M 100 

tpRES PRE Setup Time NMC93CS56/NMC93CS66 Relative to SK 50 
NMC93CS56E/NMC93CS66E 100 

N MC93CS56MIN MC93CS66M 100 

·Thruout this table "M" refers to temperature range (-55°C to + 125°C) not package. 
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O·C to +70·C 
- 40·C to + 85·C 

- 55·C to + 125·C 

4.5Vto 5.5V 

Max Units 

2 
2 mA 
2 

3 
3 mA 
4 

50 
100 p.A 
100 

2.5 
p.A 

10 
10 

p.A 

2.5 
p.A 

10 
10 

p.A 

0.8 V 

VCC + 1 V 

0.4 V 
V 

0.2 V 
V 

1 
0.5 MHz 
0.5 
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DC and AC Electrical Characteristics 
Vee = 5V ±10% (unless otherwise specified) (Continued) 

Symbol Parameter Part Number Conditions Min Max Units 

tpES PE Setup Time NMC93CS56/NMC93CS66 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 CSHoldTime Relative to SK 0 ns 

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

NMC93CS56MINMC93CS66M Relative to CS 500 

tpREH PRE Hold Time Relative to SK 0 ns 

tOIH 01 Hold Time NMC93CS56/NMC93CS66 Relative to SK 100 
NMC93CS56E/NMC93CS66E 200 ns 
NMC93CS56MINMC93CS66M 200 

tp01 Output Delay to "1 " NMC93CS56/NMC93CS66 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 DOin NMC93CS56/NMC93CS66 ACTest 100 
TRI-STATE® NMC93CS56E/NMC93CS66E CS = VIL 200 ns 

NMC93CS56M/NMC93CS66M 200 

twp Write Cycle Time 10 ms 

Endurance . Number of Data Typical 
cycles 

Changes per Bit. 40,000 

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 = 250 ns then the minimum tSKH = 750 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 = 500 ns then the minimum tSKH = 1.5 microseconds in order to 
meet the SK frequency specification. 

Note 4: For Commercial parts CS must be brought low for a minimum of 250 ns (leS) between consecutive instruction cycles. 

Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (tes) between consecutive instruction cycles. 

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

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 O.4Vto 2.4V 

COUT Output Capacitance 5 pF 
Timing Measurement Reference Level 

Input 1V and 2V 

CIN Input Capacitance 5 pF Output O.8Vand 2V 
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Functional Description 
The NMC93CS56 and NMC93CS66 have 10 instructions as mum of 250 ns (tes). DO = logical 0 indicates that program-
described below. Note that the MSB of any instruction is a ming is still in progress. DO = logical 1 indicates that the 
"1" and is viewed as a start bit in the interface sequence. register at the address specified in the instruction has been 
The next 1 O-bits carry the op code and the 8-bit address for written with the data pattern specified in the instruction and 
register selection. the part is ready for another instruction. 

Read (READ): Write All (WRALL): 

The Read (READ) instruction outputs serial data on the DO The Write All (WRALL) instruction is valid only when the 
pin. After a READ instruction is received, the instruction and "protect register" has been cleared by executing a 
address are decoded, followed by data transfer from the PRCLEAR instruction. The WRALL instruction will simulta-
selected memory register into a 16-bit serial-out shift regis- neously program all registers with the data pattern specified 
ter. A dummy bit (logical 0) precedes the 16-bit data output in the instruction. Like the WRITE instruction, the PE pin 
string. Output data changes are initiated by a low to high MUST be held "high" while loading the WRALL instruction, 
transition of the SK clock. In the NONVOLATILE SHIFT- however, after loading the WRITE instruction the PE pin be-
REGISTER mode of operation, the memory automatically comes a "don't care". As in the WRITE mode, the DO pin 
cycles to the next register after each 16 data bits are indicates the READY/BUSY status of the chip if CS is 
clocked out. The dummy-bit is suppressed in this mode and brought high after a minimum of 250 ns (tcs). 
a continuous string of data is obtained. 

Write Disable (WDS): 
Write Enable (WEN): To protect against accidental data disturb, the Write Disable 
When Vee is applied to the part, it powers up in the Write (WDS) instruction disables all programming modes and 
Disable (WDS) state. Therefore, all programming modes should follow all programming operations. Execution of a 
must be preceded by a Write Enable (WEN) instruction. READ instruction is independent of both the WEN and WDS 
Once a Write Enable instruction is executed programming instructions. 
remains enabled until a Write Disable (WDS) instruction is 

Protect Register Read (PRREAD): 
executed or Vee is removed from the part. 

The Protect Register Read (PRREAD) instruction outputs 
Write (WRITE): the address stored in the "protect register" on the DO pin. 
The Write (WRITE) instruction is followed by 16 bits of data The PRE pin MUST be held "high" while loading the instruc-
to be written into the specified address. After the last bit of tion. Following the PRREAD instruction the 8-bit address 
data is put on the data-in (DI) pin, CS must be brought low stored in the memory Protect Register is transferred to the 
before the next rising edge of the SK clock. This falling edge serial out shift register. As in the READ mode, a dummy bit 
of CS initiates the self-timed programming cycle. The PE pin (logical 0) precedes the 8-bit address string. 
MUST be held "high" while loading the WRITE instruction, 

Protect Register Enable (PREN): 
however, after loading the WRITE instruction the PE pin be-
comes a "don't care". The DO pin indicates the READY/ The Protect Register Enable (PREN) instruction is used to 

BUSY status of the chip if CS is brought high after a mini- enable the PRCLEAR, PRWRITE, and PRDS modes. Before 

Instruction Set for the NMC93CS56 and NMC93CS66 
Instruction S8 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 OOCI)OOOO 1 1 One time only instruction after which the address in the 
Protect Register cannot be altered. 

3-65 

z s: 
o 
CD 
w 
o en 
U1 
0') ...... 
Z s: 
o 
CD 
w 
o en 
0') 
0') 



U) r---------------------------------------------------------------------------------------~ 
U) 
en 
o 
C") 
en 
o 
:::IE z ...... 
U) 
LI) 

en 
o 
C") 
en o 
:::IE 
z 

Functional Description (Continued) 

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 regis
ter to be protected. After the PRWRITE instruction is exe
cuted, all memory registers whose addresses are greater 

Timing Diagrams 

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 Register 
must first be cleared by executing a PRCLEAR operation 
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 precede a 
PRWRITE instruction. 

Protect Register Disable (PROS): 
The Protect Register Disable (PROS) instruction is a one 
time only instruction which renders the Protect Register un
alterable in the future. Therefore, the specified registers be
come 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 loading 
the PROS instruction the PRE and PE pins become "don't 
care". 

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

Synchronous Data Timing 

~ -
tpRES :--- - tpREH 

lE. 
tpES I--- =ltPEH 

~". 1 ~s· '--
tess tSKH I' tSKL - I-- tesH 

I 
tDlS ItDfH - t- I X X -

:::=1 tPDO --jtpOl H:-lk .; 
I 

tsvf--j ::1 tor 

STATUS VALID 
TL/D/9209-4 

·This Is the minimum SK period (See Note 2). 
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Timing Diagrams (Continued) 

READ:· 
PRE = 0, PE = X 

csJ lZ lZ lZ 

SK JUUlJlJ1JlJLJlJLnJ1J1JLflfUl 
DI ~~----~llZ----------~l~Z--------~l'~ 
oo----------------------------~~~~~ 

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

·The memory automatically cycles to the next register. 

csJ 
SK 

DI 

WEN: 
PRE = 0, DO = TRI-STATE 

lZ 

.)0\----
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Timing Diagrams (Continued) 

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

csJ zz 

SK 

01 o o o o .~~-------------

zz 

csJ 

WRITE:· 
PRE = 0 

SK JUUUUlJUUU 

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

csJ 
SK 

01 o o o 

WRALL:· 
PRE = 0 

K\\\\\\ 

1JlJlJ1J1J1J1fL 
.. ~~~------------

OO--------------------------------~l~Z----------~I----_+--~ 

'Protect Register MUST be cleared. 

PRE J 
csJ 

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

PRREAD:· 
PE = X 
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Timing Diagrams (Continued) 

PREN:* 
DO = TRI-STATE 

PRE J Zl 

Zl 

csJ Zl 

SK 

01 .:>0\----
TL/D/9209-11 

*A WEN cycle must precede a PREN cycle. 

PRCLEAR:* 

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

t\\\\\\\\\\ 
csJ 
SKJlJUU1JU 
01~1 

Zl 1\'--____ _ 

OO-----------~Z;ll----------+b--8 R~~ '-

TL/D/9209-12 

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

PRWRITE:t 

PREJ K\\\\\\\\\\\\\\\\ 
22 K\\\\\\\\\\\\\\\ 

csJ \'----

TL/D/9209-13 

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

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

PRDS:* 

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

csJ zz 

SK JUUlJlJLf 
01 i0.o 0 0 ••• 0 

~ . ~2~---------------------------------------
o o o 

OO-----------~21I!----------+b-~~ lli~ '-

TL/D/9209-14 

·ONE TIME ONLY instruction. A PREN cycle must Immediately precede a PRDS cycle. 
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~National 
D Semiconductor 
NMC98C10/C20/C40 
Electrically Erasable, Programmable Memories 

General Description 
The NMC98C10, NMC98C20 and NMC98C40 are 128 by 8, 
256 by 8 and 512 by 8, 5-volt programmable, non-volatile, 
parallel access memories built with CMOS floating gate pro
cess. Data and address lines are multiplexed, enabling 
these devices to be packaged in an 18-pin DIP or 20-pin 
SO, 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 popular 8-bit and 
16-bit microprocessors 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 Vce 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. 

Block Diagram 

DATA AND 
ADDRESS 
LATCHES 

·A7 not used on NMC98Cl0 

ALE Cf1 CE2 CS OE WE 

E2 ARRAY 
126xB 

OR 
512x8 

··A8 not used on NMC98Cl0 or NMC98C20 

TL/D/8791-2 

Features 
• Single 5-volt supply 
• Reliable CMOS floating gate process 
• Eighteen-pin package 
• Multiplexed address and data bus 
• Self timed write operation 
• 20,000 erase/write cycles typical 

• Very low power dissipation 
• Ten year data retention 
• Minimum board space 
• Directly compatible with NSC800, HPC and other stan

dard microprocessors and microcontrollers 

• No external sequencing of erase/write cycle 

GND 
A8 
NC 
CE2 
CE1 
CS 
ALE 
WE 
OE 

Vee 

Pin Names 

Multiplexed address and data bits. 
Pin 8 is DATA only for N MC98C1 O. 
Ground 
MSB of address for NMC98C40 
No Connection 
Chip Enable 2 
Chip Enable 1 
Chip Select 
Address Latch Enable 
Write Enable 
Output Enable 
Power Supply 
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Connection Diagrams 
Dual-In-Llne Package (N) 

ADO- 1 

AD, - 2 

AD2 - 3 

AD3 - 4 

AD4- 5 

ADs- 6 

AD6- 7 

A7·/~- S 

GND- 9 

Top View 

IS ~Vcc 

17 ~OE 

16 ~WE 

15 -ALE 

14 -CS 
13 -ffi 
12 -eE2 

11 -Ne 

10 -Ne/As•• 

See NS Package Number N18A 
<A7 not used on NMC98C10 

«A8 not used on NMC98Cl0 or NMC98C20 

TL/D/B791-1 

Ordering Information 
Commercial Temp. Range (O°C to + 70°C) Extended Temp. Range (-40°C to + 85°C) 

Parameter/Order Number 

NMC98Cl0NINMC98C20N 
NMC98C40N 

NMC98Cl0N-1INMC98C20N·1 
NMC98C40N·l 

Comments 

Plastic 18·Pin DIP 
tLD = 300 ns 

Plastic 18·Pin DIP 
tLO = 180 ns 

Parameter/Order Number Comments 

NMC98Cl0EN/NMC98C20EN Plastic 18·Pin DIP 
NMC98C40EN tLO = 300 ns 

NMC98Cl0EN·l/NMC98C20EN·l Plastic 18·Pin DIP 
NMC98C40EN·l tLD = 180 ns 

Military Temp. Range ( - 55°C to + 125°C) 

Parameter/Order Number 

NMC98Cl OMNI NMC98C20MN 
NMC98C40MN 

NMC98Cl0MN·1INMC98C20MN·1 
NMC98C40MN·l 
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Comments 

Plastic 18·Pin DIP 
tLD = 300 ns 

Plastic 18·Pin DIP 
tLO = 180 ns 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, (Applies to DC and AC Characteristics) 

contact the National Semiconductor Sales Office/ Positive Supply Voltage 4.5Vto 5.5V 
Distributors for availability and specifications. Ambient Temperature 
Voltage on Any Pin -0.5V to 6.5V Commercial O°C to + 70°C 

Storage Temperature Range - 65°C to + 150°C Industrial - 40°C to + 85°C 

Maximum Power Dissipation @ 25°C Military - 55°C to + 125°C 

(Note 2) 500mW 

Lead Temp. (Soldering, 10 seconds) 300°C 

ESD rating >2000V 

DC Electrical Characteristics 
Symbol Parameter Test Conditions Min Typ Max Units 

VOH Output High Voltage IOH = - 400 IlA 2.4 V 

VOL Output Low Voltage IOl = 2.1 rnA 0.4 V 

VIH Input High Voltage 2.0 Vcc + 0.5 V 

Vil Input Low Voltage 0 0.8 V 

VlKO Vcc Level for Write Lockout 4.0 4.4 V 

'll Input Leakage Current VIN = Vcc ±10.0 IlA 

IlO Output Leakage Current VOUT = Vcc ±10.0 IlA 

Icc Operating Supply Current TTL Inputs 15.0 rnA 

CMOS Inputs 10.0 rnA 

Iccpo Standby Supply Current TTL Inputs 5.0 rnA 

CMOS Inputs 100 IlA 

Isc Short-Circuit Current One Output Pin Shorted 40 rnA 

AC Electrical Characteristics 
NMC98C10, NMC98C10-1, 

Symbol Parameter 
NMC98C20, NMC98C20-1, 

Units 
NMC98C40 NMC98C40-1 

Min Max Min Max 

tAL Address to Latch Setup Time 50 50 ns 

tLA Address Hold Time after Latch 45 30 ns 

tLC Latch to OE/WE Control 80 35 ns 

tOE Valid Data Out Delay from Read Control 170 120 ns 

tLO ALE to Data Out Valid 300 180 ns 

tLl Latch Enable Width 100 60 ns 

tOH Output Held from Addresses, CS, or OE 
0 0 ns 

(Whichever Changes First) 

tOlZ OE Low to Output Driven 10 10 ns 

tROF Data Bus Float after Read 0 95 0 60 ns 

tCl OE/WE Control to Latch Enable 0 0 ns 

tcc OE/'v'~E Control Width 250 150 ns 

tow Data In to Write Setup Time 150 150 ns 

two Data In Hold Time after Write 20 15 ns 

tsc Chip Select Set-Up to OE/WE Control 0 0 ns 

tcs Chip Select Hold Time after OE/WE Control 0 0 ns 

tAlCE Chip Enable Set-Up to ALE Falling 30 30 ns 
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AC Electrical Characteristics (Continued) 

NMC98C10, NMC98C10-1, 
NMC98C20, NMC98C20-1, Units 

Symbol Parameter NMC98C40 NMC98C40-1 

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 

Endurance Number of Erase/Write Cycles Typical 20,000 Typical 20,000 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 ......... O.BV 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 mWI'C from 65°C to 85·C. 

Note 3: This parameter is sampled and not 100% tested. 

Typical Applications 

NSC800 Nt.lC98Cl0 
AX CEI 
Ay CE2 
AZ Cs 
RD DE 

RD,WR WE 
ALE ALE 

ADo-ADJ H ADo-ADJ 

TLlD/8791-5 

Note: Ax. Ay. Az are any three of the NSC800TM address pins 
A8-A15. By connecting CE1. CE2. and CS to specific address 
lines. the NMC98Cl0. NMC98C20 and NMC98C40 can be 
mapped to a particular range in memory without the need for an 
external memory address decoder. 

FIGURE 1. Using the NMC98C10 with an NSC800 Mlcrocontroller 

HPC160400R Nt.lC98CIO 
NSC32000 

AX CEI 
Ay CE2 
AZ Cs 
RD DE 
WR WE 

ALE ALE 

ADo-A~ ~ ADo-ADJ 

TL/D/8791-6 

FIGURE 2. Using the NMC98C10 with the HPC 16040 Mlcrocontroller or NSC Series 32000® 
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Functional Description 
Table I shows the different modes of operation as a function 
of the control signals. Standby power down mode: both 
write and read are inhibited and the device's power con
sumption is greatly reduced. Standby power up mode: the 
device consumes the operating power, but read and write 
are inhibited. Inhibit mode: the device is write protected to 
avoid inadvertent modifications while the read and write 
pins are changing. 

READ OPERATION 

Figure 3 shows the timing diagram for READ operation. The 
address is latched on the falling edge of ALE. The 
NMC98C10 pins 1 through 7 are used for address bits, the 
NMC98C20 uses pin 8 in addition, the NMC98C40 uses pins 
8 and 10 in addition to pins 1 through 7 for address bits. 

Data appear on pins 1 through 8 after OE becomes active 
(low). 

WRITE OPERATION 

Figure 4 shows the timing for a write operation. Address is 
latched on the falling edge of ALE. CE1 and CE2 are 
latched on the falling edge of ALE with the addresses. The 
write cycle is initiated by cycling WE low for the specified 
time. The internally timed write cycle begins on the falling 
edge of WE. No external ERASE cycle is needed since 
there is an internally timed ERASE before WRITE. The inter
nal programming cycle requires 20 ms maximum, although 
once the minimum external cycle is completed the interface 
signals may change. 

Before initiating any subsequent operations, the internally 
timed programming cycle must be completed. The comple
tion of the programming cycle can be determined by DATA 
POLLING, as described below, or by simply waiting 20 ms 
after the falling edge of WE. 
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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 07 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 07 data bit will be the 
same as the last 07 data bit written into memory. 

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. 

TABLE I. Mode Table 

Mode 

Standby Powered Down 

Standby Powered Down 

Standby Powered Up 

Read 

Write 

Inhibit 

Inhibitt 

VIL = Logical Low Input 

VIH = Logical High Input 

Hi-Z = High Impedance State 

X = Don't Care 

CE1* 

VIH 

X 

VIL 

VIL 

VIL 

VIL 

VIL 

• = (;Ef and CE2 are latched by ALE 

CE2* 

X 

VIL 

VIH 

VIH 

VIH 

VIH 

VIH 

t = This inhibit mode not recommended 

CS 

X 

X 

VIH 

VIL 

VIL 

VIL 

VIL 

OE WE ADo-AD7 

X X Hi-Z 

X X Hi-Z 

X X Hi-Z 

VIL VIH Data Out 

VIH VIL Data In 

VIH VIH Hi-Z' 

VIL VIL Hi-Z 



Timing Waveforms 

ALE 

CE2 

cs 
--~--~~~~~--------------------------------------~~~----~-

~-----tLC------~-----------~E----------~ 

WEVIH-------+--------------~--------------------------~------~----------I tRDF' 

H- tOH 
I,-------~II,-------~~ 

TL/D/8791-3 

FIGURE 1. Read Timing 

ALE 

CEI 

CE2 

CS 

tWR 

Of VIH 

tLC tow 

WE 
tAL I=tWH 

ADO-AD7 DATA INVALID DATA VALID 

TL/D/8791-4 

FIGURE 2. Write Timing 
Note: When ALE is high. address latch is in "fall through" state. If OE goes low. output will go active. With isolation resistors between the driver 
and ADo-AD7. the output will change. thereby changing inputs. 
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Protecting Data in Serial 
EEPROMs 

National offers a broad line of serial interface EEPROMs 
which share a common set of features: 

• Low cost 

• Single supply in all modes (+5V ± 10%) 

• TTL compatible interface 

• MICROWIRETM compatible interface 

• Read-Only mode or read-write mode 

This Application Brief will address protecting data in any of 
National's Serial Interface EEPROMs by using read-only 
mode. ' 

Whereas EEPROM is non-volatile and does not require Vee 
to retain data, the problem exists that stored data can be 
destroyed during power transitions. This is due to either un
controlled interface signals during power transitions or noise 
on the power supply lines. There are various hardware de
sign considerations which can help eliminate the problem 
although the simplest most effective method may be the 
following programming method. 

All National Serial EEPROMs, when initially powered up are 
in the Program Disable Mode·. In this mode it will abort any 
requested Erase or Write cycles. Prior to Erasing or Writing 

EWEN 
EWDS 

SK 

National Semiconductor 
Application Brief 15 
Paul Lubeck 

it is necessary to place the device in the Program Enable 
Modet. Following placing the device in the Program Enable 
Mode, Erase and Write will remain enabled until either exe
cuting the Disable instruction or removing Vee. Having Vee 
unexpectedly removed often results in uncontrolled inter
face signals which could result in the EEPROM interpreting 
a programming instruction causing data to be destroyed. 

Upon power up the EEPROM will automatically enter the 
Program Disable Mode. Subsequently the design should in
corporate the following to achieve protection of stored data. 

1) The device powers up in the read-only mode. However, 
as a backup, the EWDS instruction should be executed 
as soon as possible after Vee to the EEPROM is pow
ered up to ensure that it is in the read-only mode. 

2) Immediately preceding a programming instruction 
(ERASE, WRITE, ERAL or WRAL), the EWEN instruction 
should be executed to enable the device for program
ming; the EWDS instruction should be executed immedi
ately following the programming instruction to return 

°EWDS or WDS, depending on exact device. 

tEWEN or WEN, depending on exact device. 

nnn.rtI111.I1... 

I~,--__ -~ STANDBY 

DI~D 0 II 

MAIN POWER SUPPLY r 
4.5V·5.5V r-

vee J 

ENABLE = 11 
DlSABLE=OO 

FIGURE 1. EWEN, EWDS Instruction Timing 

1 ..... ____ _ 

L 5.5V, Vee , '.5V -IL 
MAINTAINED ON CAPACITOR 

INSTRUCTIONJEWoSL~~ 
(ERASE, WRITE, 
ERAL OR WRAL) 

TL/D17085-1 

TLlD17085-2 

°EWDS must be executed before Vee drops below 4.5V to prevent accidental data loss during subsequent power down and/or power up transients. 

FIGURE 2. Typical Instruction Flow for Maximum Data Protection 
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the device to the read-only mode and protect the stored 
data from accidental disturb during subsequent power 
transients or noise. 

3) Special care must be taken in designs in which program
ming instructions are initiated to store data in the EEP
ROM after the main power supply has gone down. This is 
usually accomplished by maintaining Vee for the EEP
ROM and its controller on a capacitor for a sufficient 
amount of time (approximately 50 ms, depending on the 
clock rate) to complete these operations. This capacitor 
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must be large enough to maintain Vee between 4.5 and 
5.5 volts for the total duration of the store operation, IN
CLUDING the execution of the EWDS instruction immedi
ately following the last programming instruction. FAil
URE TO EXECUTE THE lAST EWDS INSTRUCTION 
BEFORE Vee DROPS BELOW 4.5 VOLTS MAY CAUSE 
INADVERTENT DATA DISTURB DURING SUBSE
QUENT POWER DOWN AND/OR POWER UP TRAN
SIENTS. 
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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 
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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°, 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°. 
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 At.4PLlFIER 
COIL Lt.4324 

FLUX GATE 
TOROID I-
DRIVER 

~ 
EAST/WEST EAST/WEST 

SENSE SENSE At.4PLlFIER ~ 
COIL Lt.4324 

rrl D/A 
I 
I CONVERTER 
I 

A/D f.- E2 t.4Et.40RY CONVERTER 
Nt.4C9306 COP434 

10..-

II IL 
t.4ICROWIRETM INTERFACE 

p.P I 
8- COP421 I DISPLAY AND I 

DRIVERS 

TL/D/8613-1 
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Automatic Low Cost 
Thermostat 

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 
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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Designing with the 
NMC9306/COP494 a 
Versatile Simple to Use 
E2 PROM 

This application note outlines various methods of interfacing 
an NMC9306/COP494 with the COPSTM family of micro
controllers and other microprocessors. Figures 1-6 show 
pin connections involved in such interfaces. Figure 7 shows 
how parallel data can be converted into a serial format to be in
putted to the NMC9306; as well as how serial data outputted 
from an NMC9306 can be converted to a parallel-format. 

The second part of the application note summarizes the key 
pOints covering the critical electrical specifications to be 
kept in mind when using the NMC9306/COP494. 

The third part of the application note shows a list of various 
applications that can use a NMC9306/COP494. 

GENERIC CONSIDERATIONS 

A typical application should meet the following generic 
criteria: 

1. Allow for no more than 10,000 E/W cycles for optimum 
and reliable performance. 

2. Allow for any number of read cycles. 

3. Allow for an erase or write cycle that operates in the 
10-30 ms range, and not in the tens or hundreds of ns 
range as used in writing RAMs. (Read vs write speeds 
are distinctly different by orders of magnitude in 
E2PROM, not so in RAMs.) 

NMC93061 00 
COP494 DI 

Vss SK 

National Semiconductor 
Application Note 338 
Masood Alavi 

4. No battery back-up required for data-retention, which is 
fully non-volatile for at least 10 years at room-ambient. 

SYSTEM CONSIDERATIONS 

When the control processor is turned on and off, power 
supply transitions between ground and operating voltage 
may cause undesired pulses to occur on data, address and 
control lines. By using WEEN and WEDS instructions in con
junction with a LO-HI transition on CS, accidental erasing or 
writing into the memory is prevented. 

The duty cycle in conjunction with the maximum frequency 
translates into having a minimum Hi-time on the SK clock. If 
the minimum SK clock high time is greater than 1 I-'-s, the 
duty cycle is not a critical factor as long as the frequency 
does not exceed the 250 kHz max. On the low side no limit 
exists on the minimum frequency. This makes it superior to 
the COP499 CMOS-RAM. The rise and fall times on the SK 
clock can also be slow enough not to require termination up 
to reasonable cable-lengths. 

Since the device operates off of a simple 5V supply, the 
signal levels on the inputs are non-critical and may be oper
ated anywhere within the specified input range. 

Vee 

Vee 
o.o5~ 

COP42o tOO pF 

GNOt-~""'-......I 

Lo-L7. Go-G3. 01-03 
TLlD/5286-1 

FIGURE 1. NMC930S/COP494 - COP420 Interface 
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FIGURE 2. NMC9306 - Standard ILP Interface Via COP Processor 
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CPU 
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TIMER PC5 
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IDTIM 
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..411 a... 
"l1li 

~ ..411 

"l1li 
~ ..411 

"l1li ,. 

PORT A 
8 BITS 

NMC9306 
PORT B BANK 
8 BITS 

PORT C 
6 BITS 

TIMER·IN 

TlMER·OUT 

SK } 
DilDO Common to all 9306'5 

6CS for 6- 9306'5 

• SK Is generated on port pins by blt·set and blt·clear operations In software. A symmetrical duty cycle Is not critical. 

TL/D/5286-2 

TL/D/5286-3 

• CS Is set In software. To generate 10-30 ms write/erase the timer/counter Is used. During write/erase. SK may be turned olf. 

FIGURE 3. NSCSOOTM to NMC93061nterface (also Valid for SOSS/SOSSA and S1S6) 
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FIGURE 4. Z80 - NMC9306 Interface Using Z80-PIO Chip 

DATA 
P17 01 

NMC9306 
DO # 1 

CLOCK 
P16 SK CS1 

P1S 

INSa048 
P24 

P14 CS2 

P27 74138 
P13 B DECODER 

P12 CS9 

DB8 
EN 

P11 

CS2 

L--..... -CS9 

TL/O/52BS-4 

TLlD/52BS-5 

• SK and 01 are generated by software. It should be noted that at 2.72 fLslinstruction. The minimum SK period achievable will be 10.88 JLs or 92 kHz, well 
within the NMC9306 frequency range . 

• DO may be brought out on a separate port pin if desired. 

FIGURE 5. 48 Series J.LP - NMC9306 Interface 
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FIGURE 6. 8048 I/O Expansion 
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FIGURE 7. Converting Parallel Data into Serial Input for NMC9306/COP494 
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SK 

Min Max 

tCYCLE 0 250 kHz 
01 tOls400 ns 

tD1H 400 ns 
tcss 200 ns 

cs tCSHO ns 
tpoo 2 J.Ls 
tp01 2J.Ls 

DO 

TL/0/5286-6 

FIGURE 8. NMC9306/COP494 Timing 

THE NMC9306/COP494 

Extremely simple to interface with any J.LP or hardware logic. 
The device has six pins for the following functions: 

Pin 1 CS* HI enabled 

Pin 2 SK Serial Clock input 

Pin 3 01 For instruction or data 
input 

Pin 4 00** For data read, TRI-STATE~ 
otherwise 

Pin5 GNO 

PinS 

Pins 6-7 
VCC 
No Connect 

For5Vpower 

No termination required 

*Following an E/W instruction feed, CS is also toggled 
low for 10 ms (typical) for an E/W operation. This inter
nally turns the VPP generator on (HI-LO on CS) and off 
(LO-HI on CS). 

**01 and DO can be on a common line since DO is TRI
STATED when unselected DO is only on in the read 
mode. 

USING THE NMC9306/COP494 

The following points are worth noting: 

1. SK clock frequency should be in the 0-250 kHz range. 
With most J.LPS this is easily achieved when implement
ed in software by bit-set and bit-clear instructions, 
which take 4 instructions to execute a clock or a fre
quency in the 100 kHz range for standard J.LP speeds. 
Symmetrical duty cycle is irrelevant if SK HI time is ~ 
2 J.Ls. 

2. CS low period following an E/W instruction must not 
exceed the 30 ms max. It should best be set at typical 
or minimum spec of 10 ms. This is easily done by timer 
or a software connect. The reason is that it minimizes 
the 'on time' for the high Vpp internal voltage, and so 
maximizes endurance. SK-clock during this period may 
be turned off if desired. 

3. All E/W instructions must be preceded by EWEN and 
should be followed by an EWOS. This is to secure the 
stored data and avoid inadvertent erase or write. 

4. A continuously 'on' SK clock does not hurt the stored 
data. Proper sequencing of instructions and data on 01 
is essential to proper operation. 

3-S7 

5. Stored data is fully non-volatile for a minimum of ten 
years independent of VCC, which may be on or off. 
Read cycles have no adverse effects on data reten
tion. 

6. Up to 10,000 E/W cycles/register are possible. Under 
typical conditions, this number may actually approach 
1 million. For applications requiring a large number of 
cycles, redundant use of internal registers beyond 
10,000 cycles is recommended. 

7. Data shows a fairly constant E/W Programming behav
ior over temperature. In this sense E2PROMs super
sede EPROMs which are restricted to room tempera· 
ture programming. 

S. As shown in the timing diagrams, the start bit on 01 
must be set by a ZERO - ONE transition following a CS 
enable (ZERO - ONE), when executing any instruction. 
ONE CS enable transition can only execute ONE in
struction. 

9. In the read mode, following an instruction and data 
train, the 01 can be a don't care, while the data is being 
outputted i.e., for next 17 bits or clocks. The same is 
true for other instructions after the instruction and data 
has been fed in. 

10. The data-out train starts with a dummy bit 0 and is 
terminated by chip deselect. Any extra SK cycle after 
16 bits is not essential. If CS is held on after all 16 of 
the data bits have been outputted, the DO will output 
the state of 01 till another CS LO-HI transition starts a 
new instruction cycle. 

11. When a common line is used for 01 and ~O, a probable 
overlap occurs between the last bit on 01 and start bit 
on ~O. 

12. After a read cycle, the CS must be brought low for 
1 SK clock cycle before another instruction cycle can 
start. 

All commands, data in, and data out are shifted in/out on 
rising edge of SK clock. 

Write/ erase is then done by pulsing CS low for 10 ms. 

All instructions are initiated by a LO-HI transition on CS fol
lowed by a LO-HI transition on 01. 

READ - After read command is shifted in 
01 becomes don't care and data can 
be read out on data out, starting 
with dummy bit zero. 

WRITE - Write command shifted in followed by 
data in (16 bits) then CS pulsed low 
for 10 ms minimum. 



co 
~ INSTRUCTION SET . 
Z 
<C Instruction SB Opcode Address Data Comments 

READ 01 10xx A3A2A1AO Read Register A3A2A1AO 

WRITE 01 01xx A3A2A1AO D15-DO Write Register A3A2A1AO 

ERASE 01 11xx A3A2A1AO Erase Register A3A2A1AO 

EWEN 01 0011 XXXX Erase/Write Enable 

EWDS 01 0000 XXXX Erase/Write Disable 

ERAL 01 0010 XXXX Erase All Registers 

WRAL 01 0001 XXXX D15-DO Write All Registers 

NMC9306 has 7 instructions as shown. Note that MSB of any given instruction is a "1" and is viewed as a start bit 
in the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of 16, 16-bit registers. 

X is a don't care state. 

The following is a list of various systems that could use a 
NMC9306/COP494 
A. Airline terminal 

Alarm system 
Analog switch network 
Auto calibration system 
Automobile odometer 
Auto engine control 
Avionics fire control 

B. Bathroom scale 
Blood analyzer 
Bus interface 

C. Cable T.V. tuner 
CAD graphics 
Calibration device 
Calculator-user programmable 
Camera system 
Code identifier 
Communications controller 
Computer terminal 
Control panel 
Crystal oscillator 

D. Data acquisition system 
Data terminal 

E. Electronic circuit breaker 
Electronic DIP switch 
Electronic potentiometer 
Emissions analyzer 
Encryption system 
Energy management system 

F. Flow computer 
Frequency synthesizer 
Fuel computer 

G. Gas analyzer 
Gasoline pump 

H. Home energy management 
Hotel lock 

I. Industrial control 
Instrumentation 

J. Joulemeter 
K. Keyboard -softkey 
L. Laser machine tool 
M. Machine control 

Machine process control 
Medical imaging 
Memory bank selection 
Message center control 
Mobile telephone 
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Modem 
Motion picture projector 

N. Navigation receiver 
Network system 
Number comparison 

O. Oilfield equipment 
P. PABX 

Patient monitoring 
Plasma display driver 
Postal scale 
Process control 
Programmable communications 
Protocol converter 

Q. Quiescent current meter 
R. Radio tuner 

Radar dectector 
Refinery controller 
Repeater 
Repertory dialer 

S. Secure communications system 
Self diagnostic test equipment 
Sona-Bouy 
Spectral scanner 
Spectrum analyzer 

T. Telecommunications switching system 
Teleconferencing system 
Telephone dialing system 
T.V. tuner 
Terminal 
Test equipment 
Test system 
TouchTone dialers 
Traffic signal controller 

U. Ultrasound diagnostics 
Utility telemetering 

V. Video games 
Video tape system 
Voice/data phone switch 

W. Winchester disk controller 
X. X-ray machine 

Xenon lamp system 
Y. YAG-Iaser controller 
Z. Zone/perimeter alarm 

system 



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 1024-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 1.0. 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 01 pin. 01 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 vee 
SK 2 7 NC 

01 3 6 NC 

DO" 5 GNO 

TL/D/B611-1 

Pin Names 
CS Chip Select 

Serial Clock 
Data Input 
Data Output 
+5V 
Ground 

SK 
01 
DO 

Vee 
GND 
NC No Connection 

FIGURE 1 

National Semiconductor 
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.) 

+5V 

~ SHOT CS 
SK/Cs SK 

Vee J 
01/00 01 

L DO 

GND 

GNO il 
TL/D/B611-2 

One·shot is retriggerable MM74HC123 

FIGURE 2 
A circuit for a 3-contact key is shown in Figure 3. A filter 
capacitor, diode and one-shot have been added. 80th 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. 80th the serial clock and chip select signals are 
recovered from this waveform. 
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Vee 
SK--.-------~~--------~ 
CS 

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

GNO'----------------------4_~ 

FIGURE 3 

TL/O/8611-3 

One·Shot A-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 
(i) 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---~----------------------~----~~~~~--~ 

R1 = 20K 

R2 = 30K 

R3 = 15K 

R4 = 5K 

One·Shot A = Yz MM74HC123 

One·Shot B = Yz MM74HC123 

V·R = LM2930Z-5.0 

OA = LM358 

R5 = 16000 

FIGURE 4 
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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 
Application Note 431 
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transmissions. It is also necessary to insure that the trans
mit buffer has been completely 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. 
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Table I ~ • Z Micro Data UART XMIT Data EEPROM 

< Start-Bit 
00 0 

} 
0 

01 1 Command 
02 0 (Write) 0 

1st 03 0 0 
Byte 04 A3 A3 

05 A2 A2 
06 A1 A1 
07 AO AO 

- Stop-Bit 015 
Start-Bit 014 

00 *EOO 013 
01 E01 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 E011 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 B-pin Mini-DIP. This 
device is not only non-volatile, but is small, inexpensive, and 
simple to use. 

NS455 

ALE 
21 

RE7 
47 

RE6 
46 

RE5 
45 

RE4 
44 

RE3 
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RE2 
42 

RE1 
41 

REO 
40 
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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 the NMC9306 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 
11 

18 19 
TO ROM A7 

17 
TO ROM A6 

14 
TO ROM A5 

13 
TO ROM "4 

8 
TO ROM .1.3 

TO ROM "2 
TO ROM "1 

TO ROM AO 

74LS273 
1 

RES -0 CLR 

11 

TLID/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 NMC9306/NMC9346 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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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 
Bits8-F (Spare) 

Bits O-F (Spare) 

Bits O-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) 

BitsO-F Serial Number 

BitsO-F Serial Number (LSW) 

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

BitsO-F CheckSum 

(Spare) 



NS455 74lS374 
21 11 

ALE ClK 

47 18 19 
RE7 07 07 TO ROM A7 

46 17 16 
RE6 06 06 TO ROM A6 

45 14 15 
RE5 05 05 TO ROM A5 

44 13 12 
RE4 04 04 TO ROM A4 

43 8 9 
RE3 03 03 TO ROM A3 

42 7 6 
RE2 02 02 TO ROM A2 

41 4 5 
REI 01 01 TO ROM Al 

40 3 2 
REO 00 00 TO ROM AO 

74lS273 1 1 L' OE RES~ ClR --
18 

07 07 
19 

-'- OUTPUT BIT 7 
17 

06 06 
16 

-'- OUTPUT BIT 6 
14 

05 05 
15 

OUTPUT BIT 5 
13 12 

04 04 OUTPUT BIT 4 
8 9 Nt.lC9306 03 03 OUTPUT BIT 3 
7 

02 02 
6 1 

CS 
4 5 3 

DO n 01 01 01 
3 2 2 

DO 00 SK 

11 
ClK 74lS244 

RD 
31 1 

OE 

2 18 
'--

INPUT BIT 1 
4 16 

INPUT BIT 2 
6 14 

INPUT BIT 3 
8 -I>- 12 

11 9 
INPUT BIT 4 

INPUT BIT 5 
13 7 

15 5 
INPUT BIT 6 -

17 3 
INPUT BIT 7 -

~ OE 

TL/0/8644-2 

FIGURE 2 
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Common 1/0 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 (DO). 
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 1/0 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 (AD) of the register 

SK 

National Semiconductor 
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 1/0 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 ./ 
s~s----------~s~s------~\ _______ _ 

READ 

01 ~ 0 u/j/Ij//IIIYf3">Q~ 
DURING THIS TIt.tE CONFLICT BElWEEN 01 DEVICE AND ~ ~~ 

CHIP DO BUFFER CAN CAUSE A LOW It.tPEDANCE PATH ~ 
DO BElWEEN SYSTEt.t VCC AND GROUND WHEN AO=LOGICAL 1 0 015 014 ~ 

TL/D/9213-1 

FIGURE 1. Read Instruction In Common I/O Configuration 
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CS 

Vee SK 

i(\~~"'..-...+---t 
DI •• :' 

DRIVER R :5: 

• POSSIBLE LOCATIONS FOR 
CURRENT Llt.lITING RESISTOR. 

Nt.lC9306/COP494 
OR 

Nt.lC9346/COP495 

Vee 

I---
DO 

BUFFER 

I---

TLlD/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 
READ 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 (ERASE, 

WRITE, ERAL, WRAL) 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 ./ 

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 TRI-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 TRI-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 ~J----t------\ \------------1 
BIT 

TRI-STATE@ 
DO ------~l \-1 -----.., 

'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-Wire Interface 
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NMC9346 Timing Diagrams (Continued) 

CS J PROGRAM INSTRuJT~ ,. STATUS CHECK 
(ERASE, WRITE, EPAL, WPAL) ~ te/w -..l 

r--I NEXT INSTRUCTION 

01 r-;-v-vi f'\ RI-STATE®BUSyl READY 

i55 ----f STlRT ~ ~ 1 
TRI-STATE ,.-;v--v-
~ ST1RT '--'''' 

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

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

Vcc~ 

cs ____ Jf ~ r--I 1 ST INSTRUCTION 

_SK __________ ~fl~ ____ ~1~ 
01 TRI-STATE® 
i55 I'----~~ 

READY CANCELLED ON THIS SK EDGE 
TL/D/9213-5 

FIGURE 5. Recommended Clocking Sequence on Vee Power-Up in Common 110 Configuration 
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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 

COLUMN I 5 4 3 2 0 

BiTS ;--1 p2......---rr-~i-4-: ~ -,---,:--3 =i =;~----': 

l l l 
TLlD/9214-1 

FIGURE 1. Computation Scheme for Parity Bits 
Using Hamming Code 
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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 I nformation 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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Using the NMC98Cxx 
Family 

INTRODUCTION 

This application note is intended for system designers inter
ested in using the NMC98Cxx family of byte-wide, CMOS 
EEPROM devices. The family is distinguished by its multi
plexed address/data bus interface. The multiplexed inter
face makes the devices ideal for applications with a multi
plexed system bus that require physically small, fast access, 
non-volatile, writeable memory. 

EEPROMs are useful in a wide variety of applications be
cause of their non-volatile, writeable characteristic. The de
vices can be used for applications that store configuration 
values, such as feature telephones, station presets on radi
os, and PC boards with configuration DIP switches and 
jumpers. Adaptive, closed-loop systems, such as environ
ment controllers and motor controllers, can use EEPROMs 
to store loop control variables. Data logging is another of 
the many application areas of EEPROMs. 

The primary application for NMC98Cxx family devices is in 
microcontroller-based systems. Most microcontrollers have 
a multiplexed bus, allowing the devices to be designed in 
with little or no support logic. Device operation is fast be
cause access is byte-wide using standard read/write in
structions. The devices are also applicable in systems with 
address space limitations and non-multiplexed bus systems 
by using a technique that maps the device to require only 
two locations: one for the address to be accessed and one 
for data. 

TABLE I. NMC98Cxx Family 

Device 

NMC98C10 
NMC98C20 
NMC98C40 

Memory Size 

128 x8 

256x8 
512 x 8 

The NMC98Cxx devices have low power consumption due 
to the low drive requirements of their multiplexed bus inter
face and the use of CMOS technology. The multiplexed in
terface allows the device to fit in a smaller package and 
removes the need for an off-chip address latch, resulting in 
minimal board space requirements. 

NMC98Cxx FAMILY DESCRIPTION 

The NMC98Cxx family is a set of three byte-wide, CMOS 
EEPROM devices with a multiplexed bus interface The 
members of the family are differentiated by their memory 
array size, which are 128, 256 and 512 bytes (see Table I). 

National Semiconductor 
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All three members of the family are packaged in an 18-pin 
DIP. The only difference in pinout of the devices is the num
ber of address lines present to support the differing memory 
array sizes. 

The devices are identical in all other respects (see Figure 
1). 

Because of the multiplexed bus interface, device read/write 
operations are a two-step process. The first step is to load 
the address of the location to be accessed. This is accom
plished by raising ALE high to enable the on-chip address 
latch to be loaded, sending the appropriate address to the 
device, lowering ALE to save the address, and removing the 
multiplexed address signals from the bus. The signals 
stored in the latch are A8-0, CE1 and CE2. By latching CE1 
low and CE2 high, the device will enter a powered up mode 
of operation, ready to perform the second step, a read or 
write of the selected location. There is no limit to the time a 
device may wait before performing the read or write portion 
of the operation, though the device will remain powered up. 

The device should be inhibited from reading or writing, by 
setting both OE and WE high, while loading the address 
latch (see Table II). In general, OE and WE should be high 
to inhibit read and write operations and they should never 
change at the same time. It isn't recommended to inhibit 
operations by setting OE and WE both low because of the 
non-standard, difficult timing required for correct device op
eration. 

TABLE II. NMC98Cxx Modes 

Mode CE1 CE2 CS OE WE ADo-AD7 

Standby Powered Down VIH X X X X Hi-Z 

Standby Powered Down X 

Standby Powered Up VIL 

Read 

Write 

Inhibit 

Inhibit 

VIL = Logical Low Input 

VIH = Logical High Input 

Hi·Z = High Impedance State 

X = Don't Care 

VIL X 

VIH VIH 

VIH VIL 

VIH VIL 

VIH VIL 

VIH VIL 

X X Hi-Z 

X X Hi-Z 

VIL VIH Data Out 

VIH VIL Data In 

VIH VIH Hi-Z 

VIL VIL Hi-Z 
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Pin 
Function 

Name 

ADo-AD? Multiplexed address and data bits. 
AD? is DATA only for NMC98C10. 

GND Ground,OV 

A8 MSB of address for NMC98C40, NC 
for NMC98C10/20 

NC No connection. No internal connection 
is made to this pin and it may be left 
floating. 

CE2 Chip Enable 2 (See Table II) 

CE1 Chip Enable 1 (See Table II) 

CS Chip Select (See Table II) 

ALE Address Latch Enable 

WE Write Enable 

OE Output Enable 

Vee Positive Power Supply, 5V 

ADO- 1 

AD, - 2 

AD2- 3 

AD3- 4 

AD4- 5 

ADs- 6 

ADs- 7 

A~'/~- 8 

··NMC98C40 

·NMC98C20/40 

GND- 9 

.'-7. 
18 -Vee 
I? -6E 
16 -WE 
15 -ALE 

14 -cs 
13 I-CEI 

12 I-CE2 

lll-NC 

10 ~NC/A8" 

TL/D/9416-1 

FIGURE 1. NMC98Cxx Pin Definition and Connection Diagram 

A read of a selected location is performed by pulsing OE 
low while CS is low and WE is high. The device's multi
plexed bus data outputs will become active and valid data 
will appear after OE goes low. The outputs will return to an 
inactive, high-Z condition after OE returns high. 

A write of a selected location is performed by lowering WE 
while CS is low and OE is high, driving data onto the multi
plexed bus of the device, raising WE high to latch the data 
into the device and initiate the automatic internal write cycle, 
and then removing the data from the bus. The internal write 
cycle includes an auto-erase function. AD7 may be read to 
check from completion of the write cycle. AD7 will be the 
logical inverse of the data written until completion of the 
cycle. 

The CS, CE1 and CE2 signals may be tied active. If CE1 and 
CE2 are tied active, the device will be permanently powered 
up. In addition, write operations are inhibited during system 
supply power-up, power-down or brown-out. 

INTERFACING TO THE NMC98Cxx FAMILY 

The NMC98Cxx family was designed to interface easily into 
microcontroller and microprocessor systems with a multi
plexed address/data bus. The interface requires little or no 
support logic. The external address latch usually required in 
multiplexed bus systems is on-chip. Address decode is the 
only function that may require additional logic. 
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The same approach is used to interface the NMC98Cxx 
family into different multiplexed bus systems. Most multi
plexed bus interfaces are the same. They typically provide 
ALE, AD and WA as control signals, multiplexed address/ 
data and upper address. The primary application for these 
devices is in microcontroller systems. The National HPC 
and COP family, 8051, and 8096 microcontrollers all provide 
the same interface. The only difference is the bus size. The 
NMC98Cxx devices interface to any bus size because the 
upper address is latched on-chip in addition to the lower 
multiplexed addresses. The major issue in the interface is 
how the device is mapped into the address space. Other 
devices in the system and the size of the address space 
represent the constraints that must be dealt with . The ap
proach used to interface the devices into an address space 
limited or non-multiplexed system is also easy and consist
ent. 

HPC 8-BIT INTERFACE 

The National HPC family is a set of high performance 16-bit 
microcontrollers. The HPC family devices, such as the 
HPC16040, can be used to provide an excellent example of 
how to interface to the NMC98Cxx family. The HPC family 
can be configured to provide several different interfaces. 

An HPC device can be configured in four operating modes: 
Single-Chip, Expanded, Single-Chip AOMless, and Expand
ed AOMless. The Single-Chip mode has 4 kbytes of ad-
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dress space and a 4 kbyte internal ROM and performs no 
external memory operations. The other modes all perform 
external operations and can be configured to use an 8-bit or 
16-bit external bus. Expanded mode uses the 4k internal 
ROM, but the address space is expanded to 64k. Single
Chip ROM less has a 4k address space and Expanded 
ROM less has 64k. Neither mode uses the internal ROM. 
Program memory is stored external to the microcontroller. 

The simplest configuration to interface is an HPC device in 
Expanded mode with an 8-bit external bus connecting to a 
single NMC98Cxx device. The external memory interface 
control signals of an HPC device consist of ALE, RD, WR, 
and High Byte Enable (HBE). HBE is used to enable the 
upper byte of external memory when an HPC is configured 
with a 16-bit bus. HBE isn't used in this interface. In this 
interface ALE of the HPC is directly connected to ALE of the 
NMC98Cxx device, RD to OE, and WR to WE. The upper 
address and multiplexed bus are also directly connected. 
Since the internal program ROM resides in the upper 4k of 
the address space, the EEPROM must be placed else
where. Connecting A 15 to CE1 places the device in the low-

HPC Nt.lC98C40 

I- '1'--' CE2 
A,S CEI 

I- '0'--' cs 
iffi or 
ViR WE 

ALE ALE 

AB AB 

AD7- 0 
A " AD

7
_
0 

'I y 

TL/D/9416-2 

FIGURE 2a. Simple 8-Blt Interface 
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er half of the address space. Using CE1 allows the device to 
power down when not being accessed. CS and CE2 are tied 
active (see Figure 2a). 

Should other devices need to be placed in the address 
space with the NMC98Cxx device, CS, CE2 and unused up
per addresses can be used for device selection. Most de
vice chip selects are active low. Since CE2 is active high, 
the same address signal can be used to select an 
NMC98Cxx device and another device. The address is con
nected to CE2 on the NMC98Cxx device and the chip select 
on the other device. The EEPROM will be selected when 
the address is high and the other device will be selected 
when the address is low (see Figure 2b). 

Unused upper addresses can also be used for device selec
tion. Each different address signal could be used as a chip 
select for a different device. Only one device may be select
ed at a time. Assuming all chip selects are active low, only 
one of these addresses may be low at a time to prevent 
contention. The HPC software would have to guarantee this. 
If these techniques for device selection aren't sufficient, ad
dition of a decoder device or PAL® device should provide 
more than sufficient decode capability. 

HPC NMC9BC40 

A14 -"- CE2 

i- '0'-' CE l 
A15 

... Cs 
Or Or 
WE WE 

ALE "- ALE 

AB ... AB 
A " AD7- 0 AD7- 0 f\r-

V 

NMC9BC40 

-+ CE2 

l--+ CE l 

~ Cs 
Or 
WE 
ALE 

--'" AB 
-" AD7_0 
-y 

TLlD/94l6-3 

FIGURE 2b. Multi-Chip Interface 



Using only CS for device selection allows for a faster memo
ry cycle. CS must be low preceeding RD or WR for proper 
operation. CE1 and CE2 must be set before the falling edge 
of ALE, which happens earlier in a memory cycle. The 
EEPROM will remain powered up when not being used if 
CE1 and CE2 are tied active. By using a port bit to control 
CE1 or CE2 the device could be powered up for fast opera
tions then powered down when done. 

HPC 16·BIT INTERFACE 

If an HPC device is configured with a 16-bit external bus, the 
interface of a single NMC98Cxx device is nearly the same 
as for an 8-bit bus. All addresses are now multiplexed. De
vice access is performed using byte operations. Word oper
ations and program execution can't be performed using the 
EEPROM because the HPC attempts to access two loca
tions at the same time in parallel. NMC98CxO devices don't 
easily interface in parallel. 

In a simple interface, CE1 or CE2 should be used for device 
selection because the addresses used for device selection 
are now multiplexed and remain valid for only part of the 
memory cycle. CS should be tied low. Otherwise, the inter
face is the same (see Figure 3). 

NMC98Cxx devices are difficult to connect in parallel be
cause only the addresses are connected in parallel, the 
data isn't. The low byte of data is connected to the low 
order EEPROM and the high byte to the high EEPROM. 
Address and data must be connected together on 
NMC98Cxx devices because address and data share the 

HPC 

-
A15 

-
iffi 
WR 

ALE 

ADa 
AD

7
_
0 

A 

~ 

same pins. In addition, AO and HBE are used to decode the 
low and high byte. On NMC98Cxx devices AO is used to 
select internal memory array locations. 

ADDRESS SPACE LlMITEDI 
NON·MULTIPLEXED INTERFACE 

The multiplexed bus interface of the NMC98Cxx family of 
devices makes them applicable when system address 
space is limited and in non-multiplexed bus systems. A de
vice can be selected using as few as two locations. One 
location is used to store the address of the data to be ac
cessed in the EEPROM device and the other is used for the 
data accessed. 

The primary application for this interface is when the system 
address space is limited. Most microcontrollers and some 
microprocessors are limited to an address space of 
64 kbytes. An HPC device configured in Single-Chip ROM
less mode has only 4 kbytes of address space available for 
program memory and other devices. An NMC98C40 has 
512 bytes of EEPROM. The system may not have the 512 
locations to spare that are required for a standard interface. 
An 8051 using register indirect instructions for external ac
cess has an address space of only 256 bytes. Another ap
plication for this interface is when the NMC98Cxx device 
needs to be in the I/O address space of a system. Typically, 
an I/O address space is intended for ports and is quite limit
ed. For example, in the IBM® PC the I/O address space is 
1 kbytes and only 32 of these locations are allocated for 
prototype or general use. 

NMC98C40 

'1'--+ eE2 
CE1 

'0'--+ cs 
... OE 
... WE 
.. ALE ... .. Aa t: AD

7
_
0 

v 
TL/D/9416-4 

FIGURE 3. 16·Blt Interface 
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HPC 

: 
,..... HBE AI1- a 
0- EXt.I ADa 

t... 
ADJ-o - -,I 

RD r-+ RD 
WR r+ WR 

CSPORT = A11 e A10 

CSROM = CSPORT 

eA§eAEiei\7e7\6ei\5eM 

CSALE = CSPORT e WR e AO 
cscc = CSPORT e AO 

J. 
LE 

D Q 

LATCH 

CSROt.l-+ CE 

t... 
AI1 - a v 

PROGRAt.I 
EPROt.l 
(4KXB) 

ADJ-o 
-'" 

ADJ-o 
I' 

RD--' i5E 

DJ-o 
<~ 

~7 
AD7- 0 

'1' ---. CE2 

A,-+ CE, 
CSEE --. cs 

CSALE -+ ALE 

RD-+ i5E 
WR-+ WE 

Nt.lC9BC1D 
TLlD/9416-5 

FIGURE 4. Address LImited/Non-Multiplexed Interface 

Device access with this interface takes two memory cycles. 
In the first cycle, the address to be accessed in the 
EEPROM is written out to the location allocated. The data is 
accessed in the second cycle by selecting the data location 
and performing the read or write function. This interface is 
possible because the address of the location to be ac
cessed is stored in the on-chip address latch provided to 
support the multiplexed interface. 

To implement the interface, the NMC98Cxx device on-chip 
address latch must be able to be selected as an output port. 
ALE of the NMC98Cxx device is used as an active high write 
enable. The address latch is loaded when it has been se
lected and data is valid from the processor, such as an HPC 
device. The simplest interface using an HPC device requires 
a logical AND of the address latch select signal with WR of 
the HPC device to perform the write enable function. The 
address latch select must be stable when write is active. 

Device selection requires decode logic. If address space is 
critical, the EEPROM may have to be decoded using as few 
as two locations. The fewer locations available, the more 
addresses required for decode functions. A PAL device 
should be sufficient for most decode functions encountered. 

Most HPC systems with multiple external devices will exter
nally latch the addresses presenting a non-multiplexed bus 
to the devices. The device selection functions would use the 

latched addresses to guarantee stable addresses through
out a memory cycle. If multiplexed addresses aren't exter
nally latched, the device selection signals must be latched. 
Individually latched selects are easily created in a PAL de
vice. A non-multiplexed bus system doesn't have this con
cern. 

In the example of Figure 4, the HPC is in Single-Chip ROM
less mode. All but the the lower sixteen locations of the 4k 
address space are reserved for the external program 
EPROM. The address latch is decoded when AO is low and 
the data is selected when AO is high. A 1 is used as a chip 
enable. To enable the device A 1 must be low when loading 
the address latch, otherwise the device will be powered 
down. A7-4 and A1-0 are assumed to come from the ex
ternal latch. 

SUMMARY 

The NMC98Cxx family is ideal for applications based on a 
multiplexed system bus. The family is primarily intended for 
microcontroller systems. The devices provide physically 
small, fast access, non-volatile, writeable memory with a 
multiplexed address/data bus interface. The previous ex
amples illustrate that the NMC98Cxx family easily interfaces 
with microcontroller systems, systems with an address 
space limitation and non-multiplexed bus systems. 
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Using the NMC93CSxx 
Family 

INTRODUCTION 

This application note is intended for system designers inter
ested in using the NMC93CSxx family of CMOS serial 
EEPROM devices. These devices are well-suited for appli
cations that call for non-volatile, writeable memory. The 
NMC93CSxx devices offer the additional benefit of selective 
write-protection by use of an on-chip protect register. This 
allows the device to perform both read-only memory (ROM) 
and EEPROM functions on the same chip. 

EEPROMs are useful in a wide variety of applications be
cause of their non-volatile, writeable characteristics. The 
devices can be used for applications that store configura
tion values, such as feature telephones, station presets on 
radios, and PC boards with configuration DIP switches and 
jumpers. Adaptive, closed-loop systems, such as environ
ment controllers and motor controllers, can use EEPROMs 
to store loop control variables. Data logging is another of 
the many application areas of EEPROMS. 

The NMC93CSxx family can support a new set of applica
tions because of their additional capability to perform selec
tive ROM functions. ROM is a requirement when the integri
ty of data stored in a device must be guaranteed. Applica
tions can make use of this feature while at the same time 
allocating other locations in the device to operate as 
EEPROM. 

The NMC93CSxx family devices exhibit extremely low pow
er consumption due to the low drive requirements of their 
serial interface and the use of CMOS technology. The serial 
interface also provides the designer with a flexible interface 
mechanism allowing the devices to be easily designed into 
microcontroller and microprocessor systems. In microcon
troller systems, or those with a serial bus, the devices can 
be connected with little or no support logic. The serial inter
face allows the device to fit in a smaller package, resulting 
in minimal board space requirements. 

DIP 

CS_ I-Vee NS_ 

SK_ r-PRE CS_ 

DI- r-PE SK-

00_ I-GND NC_ 

DI_ 
TLID/9417-1 

00-

NC_ 

SO 

FIGURE 1. NMC93CSxx Device Pinout 
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TABLE I. NMC93CSxx Family 

Device Memory Size 

NMC93CS06 16 x 16 
NMC93CS26 32 x 16 
NMC93CS46 64x 16 
NMC93CS56 128 x 16 
NMC93CS66 256 x 16 

NMC93CSxx FAMILY DESCRIPTION 

The NMC93CSxx family is a set of 5 CMOS serial EEPROM 
devices with on-chip write-protection logic. The members of 
the family are differentiated by their memory array size, 
which ranges from 256 to 4096 bits organized 16 bits wide 
(see Table I). Because the devices use a serial interface, 
the pinout for each family member is identical. The devices 
conform to the MICROWIRE interface and are backwards 
compatible with previous National serial EEPROM devices 
(see Figure 1). 

A set of 10 instructions are provided to control device oper
ation. The general format of the instructions is a start bit 
(logic 1) followed by opcode, register address and d.ata 
fields. The register address for the NMC93CS06/26/46 IS 6 
bits, while the register address for the NMC93CS56/66 is 8 
bits. Data is shifted into the device on the D1 pin, and out on 
the DO pin following a low to high transition of SK. CS must 
be high to access the device (see Table 2). 

A read operation is performed by issuing the start bit, the 
appropriate opcode (10), and the desired register add~ess. 
The device responds by shifting out a dummy bit (logiC 0) 
followed by the data in the selected register. The device will 
continue to shift data from subsequent registers as long as 
SK is active (non-volatile shift register mode). Write opera
tions are performed by issuing the start bit, opcode (01), 
register address, and 16 bits of data. CS must be brought 
low to initiate the self-timed programming cycle, which in
cludes an automatic erase cycle. CS can then be brought 
high to monitor DO (low to high transition) for completion of 
the cycle. 

Pin Names 

CS Chip Select 
~NC SK Serial Clock 
-Vee DI Serial In 

r-PRE DO Serial Out 

I-NC GND Ground 
PE Program Enable 

I-PE 
PRE Protect Register 

I-GND Enable 
.-NC Vee Power Supply 

TLID/9417-2 
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TABLE II. NMC93CSxx Instruction Set 

Instruction SB OpCode Address Data PRE PR Comments 

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

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

WRITE 1 01 Ax-Ao 015-00 0 1 Write register if address is unprotected. 

WRALL 1 00 01XXXX 015-00 0 1 Write all register. Valid only when "protect register" 
is cleared. 

WOS 1 00 OOXXXX 0 X Disables all programming instructions. 

PRREAO 1 10 XXXXXX 1 X Reads address stored in "protect register". 

PREN 1 00 11XXXX 1 1 Must immediately precede PRCLEAR, PRWRITE, 
and PROS instructions. 

PRCLEAR 1 11 111111 1 1 Clears the "protect register" so that no registers 
are protected from WRITE. 

PRWRITE 1 01 Ax-Ao 1 1 Programs address into "protect register". Thereafter, 
memory address < the address in "protect register" 
are protected from WRITE. 

PROS 1 00 000000 1 1 One time only instruction after which the address in the 
"protect register" cannot be altered. 

The protect register is used to write protect a segment of 93CSXX 
registers. The value contained in the protect register desig· 

MICRO 
nates the first address of the protected segment. All subse· so 01 
quent register locations are write-protected. SI DO U USING THE PROTECT REGISTER SK SK PE 

The incorporation of the protect register in NMC93CSxx de- PX CS 
vices sets the family apart from other CMOS serial 
EEPROMs. Including a protect register allows the devices to r PRE 

function as EEPROM and ROM simultaneously. The distri-
bution of EEPROM and ROM in a device is determined by 
the value in the protect register. The distribution of TLIO/9417 -3 
EEPROM and ROM can be changed in the system by FIGURE 2a. Protect Register Disabled 
changing the protect register value. 

ROM applications typically require that data storage be non- 93CSXX 

volatile so that no changes will occur when power is turned MICRO 
off and read-only so that changes won't occur under any SO DI 
other circumstances. EEPROMs are non-volatile, but aren't SI U-read-only. An EEPROM will function as a ROM if write oper- DO 

PE 
ations are never attempted or if any attempted write fails. SK SK 

The protect register is valuable when an application requires PX CS 

a mix of EEPROM and ROM. A NMC93CSxx device can be 

~ made less susceptible to write problems without using the 
PRE 

protect register. The entire device may be made read-only 
by grounding PE. System software can be implemented to 
avoid writing to read-only locations and limit when write in- TL/O/9417-4 

structions may be performed by making use of the write FIGURE 2b. Protect Register Enabled with Pulldown 

enable (WEN) and disable (WOS) instructions. The device 
93CSXX would only be susceptible to a write problem if a system 

failure caused an illegal write or some external source with MICRO 
access to the device abused its write privileges. Use of the SO 01 

protect register under system control would be somewhat SI DO ~ safer, but the device would still be subject to the above-
SK SK 

PE 
mentioned problems. Write access to the protect register 
must be inhibited for the protected locations to be truly Px CS 

read-only. Py PRE 

TL/O/9417-5 

FIGURE 2c. Protect Register Enabled 
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ROM devices are most often programmed with data before 
insertion into a PC board. This approach is applicable to 
NMC93CSxx devices. In a microcontroller system, program 
code or data could be off-loaded from the internal ROM of 
the microcontroller into a ROM section in an NMC93CSxx 
device. An EEPROM section could be allocated for any 
writeable data, such as configuration data values. ROM is 
desirable in this application because any spurious writes 
that could corrupt the program will be prevented, a smaller 
internal microcontroller ROM is possible and if ROM code or 
data needed alteration, it would be much easier and cheap
er to reprogram a NMC93CSxx device than the internal 
ROM of the microcontroller. In manufacturing, the ROM 
data and the protect register value would be programmed 
into the device, and the protect register enabled before PC 
board insertion. The PRE pin would be tied low on the board 
to prevent write access to the protect register (see Figure 
2a). 

Another application for these devices is in systems that sup
port automated production. Production information, such as 
date codes and status, would be programmed into the 
NSC93CSxx on a board as it progressed through each step 
of the production process. Board identification (serial num
ber) and fixed configuration information could also be pro
grammed into the device as a last step. The PRE pin would 
be pulled low with a resistor to allow production test equip
ment to drive it high to write data into the device and set the 
protect register, but prevent any writes to the protected lo
cations during normal operations. The EEPROM section 
could be used to allow the application to support automated 
system configuration. Once all boards are placed in the sys
tem, any system configuration dependent variables could be 
programmed (see Figure 2b). 

In data logging applications, the protect register is pro
grammed as the data is gathered to reduce the likelihood of 
modification. When the protect register is accessed regular
ly by the software, PRE must be accorded an interface line, 
usually a port pin that is controlled by software. The protect 
register disable (PROS) instruction must be used upon com
pletion of logging to fully protect the data. PROS will prevent 
any further writing to the protect register, even if the device 
is removed from the board. Extreme care should be exer
cised when considering use of PROS. Oata should be writ
ten into the device from high locations to low to protect the 
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data as it is read in. In addition, the protect register then 
serves the dual purpose of being a pointer to the last loca
tion written, simplifying software and saving a variable loca
tion (see Figure 2c). 

INTERFACING TO THE NMC93CSxx FAMILY 

COP800 Interface 

The COP800 family is a set of 8-bit CMOS microcontrollers. 
The family members differ by program and data memory, 
on-chip peripherals, and package size. Some members 
have on-chip EEPROM for program or data memory. The 
devices with EEPROM for program memory are only intend
ed for development purposes. All members of the family 
have an on-chip MICROWIRETM interface. 

93CSXX 

CDP800 
CSI CX 

SK SK 

SI SO PE 

SO SI 

G2 PRE 

TL/D/9417 -6 

FIGURE 3. MICROWIRE Interface 

The COP800 family provides three options when interfacing 
to a NMC93CSxx device. The interface could be designed 
by using the COP800 device parallel port pins under soft
ware control, on-chip UART if available, or the MICROWIRE 
interface port. The most attractive option for the interface is 
the MICROWIRE because NMC93CSxx devices connect di
rectly to it. 

The MICROWIRE port provides a serial clock (SK), serial 
input (SI), and serial output (SO). These lines are directly 
connected to SK, 00 and 01 of the EEPROM. COP800 par
allel port pins can be used for providing CS, PE and PRE. If 
PE or PRE are static in the application, they can be tied low 
or high. No other hardware is required for the interface (see 
Figure 3). In a system with multiple devices on the MICRO
WIRE, additional logic may be required to perform chip se
lection. If available, parallel port pins could be used for addi
tional chip selects. Otherwise, a PAL device could be de
signed so that chip selects are set serially preceding any 
serial device operations. 



;WREEPROM-WRITE DATA TO EEPROM 

;THIS ROUTINE WILL WRITE A SPECIFIED NUMBER OF BYTES 
;TO THE EEPROM USING THE MICROWIRE INTERFACE. THIS CODE 
;ASSUMES THE SHIFT CLOCK RATE IS 1/2 THE XTAL FREQUENCY. 
;THE ARGUMENT STRING CONSISTS OF A BYTE COUNT, OPCODE, 
;REGISTER ADDRESS, FOLLOWED BY A DATA STREAM. 

WREEPROM: LD A, [B+l ;COPY BYTE COUNT 
X A,x'FO 
SBIT 1,x'D4 ;CHIP SELECT 
SBIT 7,x'E9 ;SEND START BIT 
SBIT 2,x'EF 
RBIT 2,x'EF 

SLOOP: LD A, [B+l ;SEND DATA BYTES 
X A,x'E9 
SBIT 2,x'EF 

BIT_TST: IFBIT 2,x'EF ;STILL BUSY? 
JMP BIT_TST 
DRSZ x'FO ;DONE SENDING? 
JMP SLOOP 
RBIT 1,x'D4 ;DROP CS 
RET 

FIGURE 4. COP800 MICROWIRE Write Routine 
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;RDEEPROM-READ DATA FROM EEPROM 

;THIS ROUTINE WILL READ A SPECIFIED NUMBER OF BYTES FROM 
;THE EEPROM USING THE MICROWIRE. THE CODE ASSUMES THAT THE 
;SHIFT CLOCK IS PROGRAMMED AT 1/2 THE INSTRUCTION CLOCK RATE. 
;THE ARGUMENTS PASSED TO THIS ROUTINE ARE A BYTE COUNT, OPCODE, 
;AND REGISTER ADDRESS, POINTED TO BY B. 
;THE BYTE COUNT AND DATA READ ARE POINTED AT BY B ON RETURN. 

RDEEPROM: LD 
X 

LD 
X 

SBIT 
SBIT 
SBIT 
RBIT 
LD 
X 

SBIT 
TSTl: IFBIT 

JMP 
SBIT 
RBIT 

RLOOP: CLRA 
SBIT 

TST2: IFBIT 
JMP 
X 

X 

DRSZ 
JMP 
LD 
X 

RBIT 
RET 

A,x'FE 
A,x'F1 
A, [B+J 
A,x'FO 
1,x'D4 
7,x'E9 
2,x'EF 
2,x'EF 
A,[B] 
A,x'E9 
2,x'EF 
2,x'EF 
TST1 
2,x'EF 
2,x'EF 

2,x'EF 
2,x'EF 
TST2 
A,x'E9 
A, [B+J 
x'FO 
RLOOP 
A,x'F1 
A,x'FE 
1,x'D4 

;SAVE POINTER 

;COPY BYTE COUNT 

;CHIP SELECT 
;SEND START BIT 

;SEND INSTRUCTION 

;BUSY? 

;GET DUMMY BIT? 

;GET DATA BYTES 

;BUSY? 

;DONE GETTING? 

;RESTORE POINTER 

;DROP CHIP SELECT 

FIGURE 5. COP800 MICROWIRE Read Routine 

Inside a COP800 device the MICROWIRE hardware con
sists of an 8-bit shift register (SIO), a control bit (BUSY) in 
the program status word (PSW), and a control register 
(CNTRL), BUSY is set by the control program to initiate a 
shift operation and is automatically reset when eight bits 
have been shifted. BUSY can be reset by the program for 
shift operations of less than eight bits. CNTRL is used to set 
the MICROWIRE mode and rate of SK. SK can be set to a 
divide by 2, 4, or 8 of the instruction clock rate. The MSEL 
bit of CNTRL sets the MICROWIRE to Master mode or 
Slave mode. In Master mode, a device will generate SK and 
in Slave mode it will receive SK. Master mode is used to 
interface to an NMC93CSxx device. 
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In addition to initializing the interface, software rountines are 
required to control data transfers to and from the EEPROM 
through the MICROWIRE port. The same routines used to 
read and write to the EEPROM can be used to execute the 
NMC93CSxx instructions, including accessing the protect 
register. The only extra step required to access the protect 
register is that PRE must be set high. 

A routine must access SIO to perform an NMC93CSxx in
struction. Since the MICROWIRE shift register is only eight 
bits wide, multiple accesses are required to complete an 
instruction. In addition, instructions aren't byte-aligned; rou
tines must align the operation. Instructions can be byte
aligned by sending a single start bit followed by a byte of 
opcode and address. A start bit can be sent by using the set 

» 
z . 
U1 
o 
...... 
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bit (SBIT) instruction to set BUSY, followed by the rest bit 
(RBIT) instruction when SK is being divided by two, or by 
sending a byte with seven leading zeros as dummy bits and 
a single one for the start bit. The NMC83CS56/66 devices 
require two more bits to be sent for alignment because of 
their larger address space. In this case it is easier to send 
the byte with leading zeros. 

The write routine, WREEPROM, sets CS to select the de
vice, then writes a single start bit, followed by a byte of 
opcode and address, and two bytes of data. The bytes sent 
are stored as a string preceeded by a byte-count. The byte 
count must, obviously, be three for a write. This routine can 
be used to perform the other write-only NMC93CSxx in
structions by setting the byte-count and data string appropri
ately. CS is brought low to initiate the automatic erase/write 
cycle. The routine doesn't bring CS back high to check for 
completion of the cycle. This allows the routine to be used 
to perform the other NMC93CSxx instructions and the con
trol program to perform other tasks during the cycle. If the 
program is unsure of cycle completion, DO should be 
checked before initiating another instruction (see Figure 4). 

The read routine, RDEEPROM, sets CS and sends the start 
bit, opcode and address in the same manner as the write 
routine. The routine then reads a dummy bit (logic 0) from 
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the EEPROM and the number of bytes of data specified by 
the byte-count. The dummy bit is read in exactly the same 
way as a start bit is sent (see Figure 5). 

HPC Interface 

The HPC family is a set of high performance 16-bit micro
controllers. Like the COPS microcontrollers, the HPC devic
es are MICROWIRE compatible, providing an excellent 
means of interfacing to NMC93CSxx devices. Though, a 
software controlled interface using parallel port pins could 
be used, as well as an on-chip UART. 

93CSXX 

8051 

1 01 

P2.D DO U 
P2.1 CS 

PE 

P2.2 SK 

P2.3 PRE 

TL/D/9417-7 

FIGURE 7. 8051 Interface 



#define SET_CS ' _iportal=Ox40 r 
#define DROP_CS ' _iporta & = OxFB r 
#define 
#define 
#define 
#define 
#define 
#define 

#define 

SIO OxD6 
PORTA OxCS 
IRPD OxD2 
NOT_DONE I('_Irpd & Ox04) 
BFUN OxF4 
SK 
'_bfun & = OxBF 
• _bfun I = Ox40; 

WR_EE (bytes, data) 
int i; 

SK; 

r 
r 
r 
r 
r 
\ 

for(I=O; I < bytes; 1+ +) \ 

I \ 

r Global 
char 
char 
char 
char 

I 

• _sio = 'data++; 
while (NOLDONE) ; 
• _irpd & = OxFB; 

Definitions', 
, _sio = SIO; 
, _iporta = PORTA; 
, _irpd IRPD; 
, _bufn = BFUN; 

wr_eeprom(bytes,data) 
int bytes;,' byte count" 

char 'data; '* data buffer', 

SET_CS; 
WR_EE; 
DROP_CS; 

rd_eeprom(bytes, data) 

int bytes; '* byte count" 
char 'data; ,. buffer pointer', 

SELCS; 
WR_EE (1, data); 

set chip select', 
lower chip select', 
SIO register location', 
PORT A location', 
IRPD register location', 
DONE flag set if true" 
BFUN register" 

SK ; r get dummy bi t • , 
for (i = 0; i < bytes; I ++) I 

'data ++ = '_sio; 
while (NOLDONE) ; 
* _irpd & = OxFB; 

DROP_CS; 

FIGURE 6. HPC C Language Interface Routine 
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~ r---------------------------------------------------------------------------~ 
o 
Lt) 

:2: 
< ;SNDBYT - SHIFTS 8 BITS OF DATA TO EEPROM 

;THIS ROUTINE SHIFTS A BYTE POINTED AT BY RO 
;ASSUMES CHIP SELECT ALREADY ACTIVE (HIGH) 

SNDBYT MOV B,#8 ;LOAD SHIFT COUNT 
MOV A,@RO ;GET BYTE 

S_LOOP: RLC A ;SHIFT 
MOV P2.0,C ;SEND BIT 
CLR P2.2 ;SK 
SETB P2.2 
DJNZ B,S_LOOP;DONE? 
RET 

;WREEPROM - WRITE DATA TO EEPROM 

;THIS ROUTINE WRITES A SPECIFIED NUMBER OF BYTES TO THE 
;EEPROM USING SNDBYT UTILITY ROUTINE. THE DATA IS POINTED AT 
;BY THE RO REGISTER AND CONSISTS OF BYTE COUNT, OPCODE/REG AD DR 
;AND DATA BYTES. DO IS SET HIGH TO AVOID CONTENTION. 

WREEPROM: MOV R2,@RO ;COPY BYTE COUNT 
INC RO 
SETB P2.1 ;CHIP SELECT 
CLR P2.2 ;START BIT 
SETB P2.2 

WR_LOOP: LCALL SNDBYT ;WRITE DATA BYTES 
INC RO 
DJNZ R2,WR_LOOP; 
SETB P2.0 ;DEFAULT DO HIGH 
CLR P.21 ;DESELECT/PROGRAM 
RET 

FIGURE 8. 8051 Parallel Port Pin Interface-Write Routines 

The MICROWIRE interface provides signals for SK, SI and 
SO. CS, PE and PRE signals can be provided by using par
allel port pins. Port A on the HPC is allocated for general 
use and is ideal for this function. When used in Master 
mode, the clock rate for the MICROWIRE is set by program
ming the appropriate value into the DIVBY register. The 
8-bit SIO register is used as a buffer for serial operations. 
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Unlike the COP8DD microcontrollers, the HPC does not use 
a BUSY bit to control shifting. The DONE flag in the IRPD 
register is polled to determine completion of a shift opera
tion. A single bit can be transferred by changing the mode of 
the SK pin back to a general purpose port pin (B.6). This is 
accomplished by clearing bit six of the port B function regis
ter (BFUN). If port B bit six is high, the pin will go high imme
diately clocking the EEPROM. 



;RCVBYT - READ A BYTE OF SERIAL DATA 

;THIS ROUTINE WILL SERIALLY READ 8 BITS OF DATA FROM THE PORT PIN 
;AND STORE THE DATA IN THE LOCATION POINTED AT BY RO 

RCVBYT: MOV B,#8 ;LOAD SHIFT COUNT 
R_LOOP: CLR P2.2 ;SK 

SETB P2.2 
MOV C,P2.0 ;GET BIT 
RLC A ;SHIFT 
DJNZ B,R_LOOP ;DONE? 
MOV @RO,A ;STORE DATA 
RET 

;RDEEPROM - READ DATA FROM EEPROM 

;THIS ROUTINE WILL READ A SPECIFIED NUMBER OF BYTES FROM 
;THE EEPROM USING THE RCVBYT ROUTINE. INPUT ARGUMENT STRING IS 
;A BYTE COUNT, AND OPCODE/REGISTER ADDRESS. ON RETURN, RO POINTS 
;TO A STRING CONTAINING THE BYTE COUNT FOLLOWED BY DATA BYTES 

RDEEPROM: MOV R2,@RO ;COPY BYTE COUNT 
PUSH RO ;SAVE POINTER 
INC RO 
SETB P2.1 ;CHIP SELECT 
CLR P2.2 ;START BIT 
SETB P2.2 
LCALL SNDBYT ;SEND INSTRUCTION 
SETB P2.0 ;DEFAULT DO HIGH 
CLR P2.2 ;DUMMY BIT 
SETB P2.2 
LCALL RCVBYT ;GET DATA BYTES 
INC RO 
DJNZ R2,RD_LOOP;DONE? 
POP RO ;RESTORE POINTER 
CLR P2.1 
RET 

;DESELECT 

FIGURE 9. 8051 Parallel Port Pin Interface Read Routines 

The HPC supports program development in the C language. 
The software routines to support an HPC interlace are simi
lar to those for the COP800, except that they are written in 
C (see Figure 6). The main difference is how the start bit 
and dummy read bit are handled. Since the HPC supports 
the C language, core routines are written utilizing macros, 
eliminating the overhead of an extra level of subroutine 
calls. 

8051 Interface 

The 8051 offers two interlace alternatives for the 
NMC93CSxx family; the first uses parallel port pins under 
software control and the second is based on using the on
chip serial port. Both interlaces require a minimum number 
of device pins and no support logic. The main differences 
are that the serial port is faster and requires less software. 

The first choice for discussion is the use of the port pins. 
The 8051 has four 8-bit bidirectional I/O ports. The ports 
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are accessed through a special function register. The port 
registers are bit addressable which facilitates their use in 
this application. The minimum interlace requires the use of 
only three port pins. A pin for CS, SK, and one connected to 
both 01 and DO (see Figure 7). A two wire interlace is possi
ble by tying CS active, but this leaves the device in the 
active (high power) state and prevents the device program
ming cycle from being executed. 

It is not necessary to have separate lines for 01 and DO 
because DO is placed in a high-Z condition during write op
erations. During a read operation the 01 pin is driven to send 
the instruction to the EEPROM and DO outputs the dummy 
bit (0) and data. To prevent contention 01 has to stop driving 
a high before DO can output the dummy bit. The 8051 
doesn't drive a high, it uses internal pull-ups to obtain a 
high, so there is no contention problem. This may be a con-

• 



cern in other designs. The DO pin is driven when CS is 
brought high following a write operation to time completion 
of programming Contention will occur on the operation fol
lowing a write if programming completion isn't checked. A 
dummy check can be used. 

When using the port pins, one must consider that some of 
the port pins have alternate functions. For example, Port 3 
pins 0 and 1 are also allocated for the serial port. Similarly, if 
the program being executed on the 8051 resides in external 
memory, then Ports 0 and 2 will serve as the system bus 
during external memory access. 

The software support routines are primarily concerned with 
controlling the flow of data to/from the EEPROM. Because 
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the 8051 is an 8-bit machine, two utility routines, SNDBYT 
and RCVBYT, are used to shift a byte of data to and from 
the NMC93CSxx. 

The write routine, WREEPROM, raises CS to access the 
device, shifts out a start bit, then calls SNDBYT to shift out 
the opcode/register address byte, and other data bytes, as 
specified by the byte-count (see Figure 8). 

The read routine, RDEEPROM, starts out by raising CS, 
sending a start bit, and using SNDBYT for the opcode/reg
ister address byte. The dummy bit is then shifted from the 
device and RCVBYT is called to shift in the number of bytes 
of data specified by the byte-count (see Figure 9). 



;RDEEPROM - READS DATA FROM NMC93CSXX DEVICE 

;THE ROUTINE READS A SPECIFIED NUMBER OF BYTES FROM 
;THE EEPROM USING THE SERIAL PORT. RO POINTS TO AN ARGUMENT STRING 
;CONTAINING THE BYTE COUNT AND THE OPCODE/REGISTER BYTE 
;A STRING IS RETURNED CONTAINING THE BYTE COUNT FOLLOWED BY DATA. 

RDEEPROM: 
PUSH RO ;SAVE POINTER 
MOV R2,@RO ;COPY BYTE COUNT 
INC RO 
SETB P2.1 ;CHIP SELECT 
CLR P3.1 ;SEND START BIT 
SETB P3.1 
MOV SBUF ;SEND INSTRUCTION 
JBC TI$ ;DONE? 
CLR TI 
CLR P3.1 ;GET DUMMY BIT 
SETB P3.1 
SETB REN ;GET DATA BYTES 

RLOOP; JBC RI,$ ;DONE? 
CLR RI 
MOV @RO,SBUF 
INC RO 
DJNZ R2,RLOOP 
CLR REN 
CLR P2.1 ;DESELECT 
POP RO ;RESTORE POINTER 
RET 

;WREEPROM - WRITE DATA TO EEPROM 

;THE ROUTINE WRITES A SPECIFIED NUMBER OF BYTES TO EEPROM 
;POINTED AT BY RO. ARGUMENTS INCLUDE BYTE COUNT AND OPCODE/ADDRESS 

WREEPROM: MOV R2,@RO ;COPY BYTE COUNT 
INC RO 
SETB P2.1 ;CHIP SELECT 
SETB P3.0 ;START BIT 
CLR P3.1 
SETB P3.1 

SLOOP: MOV SBUF ,@RO ;SEND DATA BYTES 
INC RO 
JBC TI,$ ;DONE? 
DJNZ R2,SLOOP 
CLR P2.1 ;DESELECT 
RET 

FIGURE 10.8051 Serial Port Read and Write Routines 
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8051 INTERFACE-SERIAL PORT 

The 8051 serial port operates in one of four modes: 8-bit 
shift register, 8-bit UART and two different 9 bit UART 
modes. The 8-bit shift register mode (Mode 0) is preferred 
because it operates with no protocol, as opposed to the 
UART modes which send and receive packeted data. When 
in Mode 0, the 8051 RxD pin is used as a serial in/out pin 
and the shift clock is provided on the TxD pin. The TxD pin 
would be connected to SK and RxD would be connected to 
DI and DO on the NMC93CSxx device. CS, PE and PRE 
would be connected the same way as in the port pin inter
face. 

When using the serial port in Mode 0, the serial port control 
register (SCaN) must be programmed by setting the SMO 
and SM1 bits (bits 7 and 6) to O. The serial clock runs at a 
fixed rate of 1112 of the oscillator frequency. The maximum 
frequency for the serial clock on NMC93CSxx devices is 
1 MHz. This means the 8051 can run with an oscillator fre
quency up to 12 MHz. After every eighth bit is received or 
transmitted the 8051 hardware will set either the receive 
interrupt (RI) or transmit interrupt (TI) bit in SCaN. These 
bits may be polled, or used to generate interrupts. 

The software routines for the serial port interface are virtual
ly the same as those for the previous example. The only 
differences are that the 8051 serial port performs the same 
functions as the SNDBYT and RCVBYT routines. Instead of 
calling these routines, the REN bit is enabled to initiate re
ception and the data is read from the serial buffer (SBUF). 
For writing, the data is written into SBUF to perform the 
transfer. The routines poll the RI or TI bits. Because data 
transactions are synchronous, interrupts are not applicable 
(see Figure 10). 

8096 INTERFACE 

The 8096 is a 16-bit microcontroller. Like other microcon
trollers, it interfaces easily to the NMC93CSxx devices. The 
use of parallel port pins or the on-chip serial port provide 
two interface options. 

When implementing the parallel port pin interface, the 
choice of the port pins used is more critical because more of 
these pins have alternate functions. If the 8096 must per
form external memory accesses, the use of Ports 3 and 4 
becomes a problem because these two a-bit ports make up 
the address/data bus. Port 0 pins are used for the analog 
input channels. Port 2 pins have alternate functions such as 
the serial port. Port 1 pins do not have alternate functions 
and may be preferred for use. 

The 8096 provides an on-chip serial port which may be used 
for interfacing the NMC93CSxx devices. The serial port has 
4 modes of operation. The mode of interest for this applica
tion is the shift register mode (Mode 0). The 8096 shift regis
ter mode serial clock rate is not a fixed rate. It is therefore 
the responsibility of the support software to program the 
baud rate appropriately. 

INTERFACING NMC93CSxx WITH HIGH PERFORMANCE 
MICROPROCESSORS 

High performance microprocessors like the NS32000, 
iAPX386 and the MC680xO are usually implemented as cen
tral processor in computers and aren't directly involved with 
peripheral devices. Rather, these machines communicate 
over a backplane bus. These processors are designed for 
high speed, parallel data transfers. The NMC93CSxx devic
es could be used with these processors if a serial bus is 
implemented as part of the backplane bus. Typically, a seri
al bus would be used for system configuration or diagnostic 
purposes. Both the VME bus and Multibus II supply serial 
communication signals that may be used to interface 
NMC93CSxx devices to a high performance processor. 

SUMMARY 

The NMC93CSxx family can be used in a wide variety of 
applications. The devices provide a non-volatile, write able 
memory that requires the least amount of board space, sup
port logic and power. The protect register allows for a flex
ible mix of RAM and ROM. The previous examples illustrate 
that the NMC93CSxx family easily interfaces to microcon
trollers and systems with a serial bus. 
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;RCYBYT - READ UTILITY ROUTINE 

;THIS ROUTINE WILL READ 8 BITS OF DATA FROM THE SERIAL PORT 
;THE DATA IS STORED IN THE LOCATION POINTED AT BY THE DX REGISTER. 

RCVBYT: LDB AH.#8 :LOAD SHIFT COUNT 
BOP_SK: ANDB P2.#FBH :STROBE SK 

ORB P2.#04H 
JBS P2.3.BIT_l :READ BIT 
ANDB AL.#FEH 
SJMP R_SHIFT 

BIT_l: ORB AL.#OlH 
R_SHIFT: SHLB AL.l 

DECB AH :DONE? 
JNE BOP_SK 
LDB (DX) .AL :SAVE DATA 
RET 

;RDEEPROM - READ DATA FROM EEPROM 

;SI. SK. CSt SO = P2[3 ••• 0] 
:THIS ROUTINE WILL READ A SPECIFIED NUMBER OF BYTES FROM THE 
;EEPROM AND STORE THE DATA. ARGUMENTS SUPPLIED TO THIS ROUTINE 
;ARE A BYTE COUNT. OPCODE/REGISTER ADDRESS. AND ADDRESS FOR 
;STORING THE DATA. 

RDEEPROM: PUSH DX ;SAVE POINTER 
LDB BL. (DX)+ ;COPY BYTE COUNT 
ANDB P2.#FOH ;CHIP SELECT.START BIT 
ORB P2.#03 
ORB P2.#04 
LCALL SNDBYT ;SEND INSTRUCTION 
ANDB P2.#FBH ;GET DUMMY BIT 
ORB P2. #04H 
LCALL RCVBYT ;GET DATA BYTES 
INC DX 
DECB BL ;DONE? 
JNE RD_LOOP 
ANDB P2.#FDH ;DESELECT 
POP DX ;RESTORE POINTER 
RET 

FIGURE 11.8096 Port Pin Interface Read Routines 
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;SNDBYT - WRITE 8 BITS OF DATA TO PORT PIN 

;THIS ROUTINE WILL WRITE 8 BITS OF DATA TO THE PORT PIN. THE 
;DATA BYTE IS POINTED AT BY THE DX REGISTER. 

SNDBYT: LDB AH,#8 ;LOAD SHIFT COUNT 
LDB AL, (DX) ;GET DATA BYTE 

SLOOP: JBS AL,7,BIT_l ;SEND BIT 
ANDB P2,#FEH 
SJMP TOG_SK 

BIT!: ORB P2,#01H 
TOG_SK: ANDB P2,#FBH 

ORB P2,#04H 
SHLB AL 
DECB AH ;DONE? 
JNE SLOOP 
RET 

;WREEPROM - WRITE DATA TO EEPROM 

;SI, SK, CS, SO = P2[3 •• 0] 
;THIS ROUTINE WILL WRITE A SPECIFIED AMOUNT OF BYTES TO THE 
;EEPROM. THE DATA TO BE WRITTEN IS POINTED AT BY THE DX REGISTER. 
;THE ARGUMENTS INCLUDE THE BYTE COUNT, OPCODE/REGISTER ADDRESS, 
;AND 1 OR MORE DATA BYTES. 

WREEPROM: LDB BL, (DX)+ ;COPY BYTE COUNT 
ANDB P2,#FOH ;CHIP SELECT, START BIT 
ORB P2,#03H 
ORB P2,#04H 
LCALL SNDBYT ;SEND DATA BYTES 
INC DX 
DECB BL ;DONE? 
JNE WR_LOOP 
ANDB P2#FDH ;DESELECT/PROGRAM 
RET 

FIGURE 12.8096 Parallel Port Pin Interface Write Routines 
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The Reliability of National Semiconductor's 
EEPROM Protiucts 

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 
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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 CONTROL GATE I t.Q 
FlOATING GATE Z I

CCG 

I vt * I I 
CGS T CGB T CGO 

SOURCE AT GND VBS Vos 

TL/X/0006-2 

vGS Ves CCG + Vos CGO + VBS CGB + aQ 

CGS + CGB + CGO + CCG 

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 

__ VA_L_EN_C_E _BA_N_D_SI_'~ 
4.7eV 

CONDUCTION BAND SI02 

~ VALENCE BAND Si02 

1 
T 
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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 (V > 7 X 106 eV/cm), at reasonable 
voltages (20V), the Si02 layer must be limited to a thickness 
less than 120 Angstroms. 

(-) ----t'\__.. 

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 

TL/X/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 

SEllCTED 
COLUMN 

+19V 

SELECTED ELECTRON 
BIT FLOW 
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E2PROM Transistor Write 

N+ 

OV 
CONTROL GATE 

(WORD LINE) 

FIGURE 6. Write Operation 
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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 
SELECT 

LINE 

+21 V 
WORD 

LINE 

SElECTED 
COLUMN 

OV 

SELECTED ELECTRON 
BIT FLOW 

E2PROM Transistor 

N+ 

(Vpp) 
21 V 

CONTROL GATE 
(WORD LINE) 
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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. 

-4 -2 

Gate Voltage (VGS) 
(Word Line Voltage) 

,------;.--~I~~~ 

3.SV 

CLEARED 
VYC ",+6V 

10 
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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 
completely. 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 
-4~ _____ ~ 

-5 

I 
~INIf.lU~ ACCEPTABLE 

~ARGIN LEVELS 
(TYPICAL) 

ENDURANCE (WRITE / ERASE CYCLES) 
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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 10-10A 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. 
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TIME (YEARS) 
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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/kT) 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/write cycling 
for EEPROMs. The distribution is a bathtub-shaped curve. 
The infant mortality region is characterized by an 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. 

INrANT 
MORTALITY 

RANOOM 
rAllURES 7 

~------

ERASE - WRITE CYCLING 
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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 (ROATING GATE) 

C===::::::JI C C SI3N4/ SI02 INTIERrACE STATES 

________ 0 SUB 30 A Si0
2 
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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 

Fail. 

J Pkg. Operating Life 3x 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 
3x 105 2/Lot 

1008 Hrs. 
5% LTPD 
(1.3 AQL) 

3) 
Autoclave 3 x 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 INCOt.lING t.lATERIAL 

(( FABRICATION STATISTICAL QUALITY CONTROL 

9 WAFER-SORT 
SAt.lPLE EACH WAFER FOR 
ENDURANCE CHARACTERISTICS 

ASSEt.lBLY STATISTICAL QUALITY CONTROL 

ENDURANCE SCREEN 

RETENTION BAKE-IN 24HRS. @ 150C 

PARAt.lETRIC TEST TO SPECIFIED ENVIRONt.lENT 

9 FUNCTIONAL TEST TO SPECIFIED ENVIRONt.lENT 

9 ENDURANCE SURVEY 10,000 CYCLES 

9 QUALITY ASSURANCE 
SAt.lPLE 

TLIX/OOO6-18 

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) 
RATE) FAILURE RATE) 

INFANT MORTALITY FAILURES 

I I 
IMPROVE BY ENDURANCE 
SCREENING PRIOR TO TIME = to 

t, 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. 

['"P'OVOIENT ATIR""TED TO 'IDUCTlON OF INFANT MORTALITY THROUGH BURN-IN. 

t, t2 

ERASE / WRITE CYCLING -
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FIGURE 16. Improvements Attributed to National Semiconductor's Endurance Screen 
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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 32xB DC 16 DM54S1BB 45 30 
32xB DC 16 DM74S1BB 35 20 
32xB TS 16 DM54S2BB 45 30 
32xB TS 16 DM74S2BB 35 20 
32xB DC 16 DM54S1BBA 35 30 
32xB DC 16 DM74S1BBA 25 20 
32xB TS 16 DM54S2BBA 35 30 
32 x8 TS 16 DM74S2BBA 25 20 
32xB TS 16 PLB7X2BB8 15 12 

1024 256x4 DC 16 DM54S3B7 60 30 
256x4 DC 16 DM74S3B7 50 25 
256x4 TS 16 DM54S287 60 30 
256x4 TS 16 DM74S2B7 50 25 
256x4 DC 16 DM54S3B7A 40 30 
256x4 DC 16 DM74S3B7A 30 20 
256x4 TS 16 DM54S2B7A 40 30 
256x4 TS 16 DM74S2B7A 30 20 

2048 512 x4 DC 16 DM54S570 65 35 
512 x4 DC 16 DM74S570 55 30 
512x4TS 16 DM54S571 65 35 
512x4TS 16 DM74S571 55 30 
512 x4 DC 16 DM54S570A 60 35 
512 x4 DC 16 DM74S570A 45 25 
512x4TS 16 DM54S571A 60 35 
512 x 4 TS 16 DM74S571A 45 25 
512x4 TS 16 DM54S5718 50 35 
512x4 TS 16 DM74S5718 35 25 
256xB TS 20 DM54LS471 70 35 
256xB TS 20 DM74LS471 60 30 

4096 512xB DC 20 DM54S473 75 35 
512 xB DC 20 DM74S473 60 30 
512 x8 TS 20 DM54S472 75 35 
512 xB TS 20 DM74S472 60 30 
512xB DC 20 DM54S473A 60 35 
512xB DC 20 DM74S473A 45 30 
512xB TS 20 DM54S472A 60 35 
512xB TS 20 DM74S472A 45 30 
512 x B TS 20 DM54S4728 50 35 
512 xB TS 20 DM74S4728 35 25 
512 x8 DC 24 DM54S475 75 40 
512 x8 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 
512 x8 TS 24 DM54S474A 60 35 
512 x8 TS 24 DM74S474A 45 25 
512x8 TS 24 DM54S4748 50 35 
512x8 TS 24 DM74S4748 35 25 

1024 x4 DC 1B DM54S572 75 45 
1024x4 DC 1B DM74S572 60 35 
1024x4 TS 1B DM54S573 75 45 
1024x4 TS 1B DM74S573 60 35 
1024x4 DC 18 DM54S572A 60 35 
1024x4 DC 1B DM74S572A 45 25 
1024x4 TS 18 DM54S573A 60 35 
1024x4 TS 1B DM74S573A 45 25 
1024x4 TS 1B DM54S5738 50 35 
1024x4 TS 18 DM74S5738 35 25 
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~ 
Icc Temperature 

(Max) In rnA Celsius 

110 - 55°C to + 125°C 
110 O°Cto +70°C 
110 - 55°C to + 125°C 
110 O°Cto +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 O°Cto +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°Cto + 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 
130 - 55°C to + 125°C 
130 O°Cto + 70°C 
100 - 55°C to + 125°C 
100 O°C to +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 
155 - 55°C to + 125°C 
155 O°C to +70°C 
155 - 55°C to + 125°C 
155 O°Cto + 70°C 
155 - 55°C to + 125°C 
155 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 
170 - 55°C to + 125°C 
170 O°C to +70°C 
170 - 55°C to + 125°C 
170 O°C to + 70°C 
170 - 55°C to + 125°C 
170 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°C to + 70°C 
140 - 55°C to + 125°C 
140 O°Cto +70°C 
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Non-Registered PROMs (Continued) 

Size 
Organization 

Pins Part tAA tEA Icc Temperature 
(Bits) (DIP) Number (Max) In ns (Max) In ns (Max) In mA Celsius 

8192 1024x8 TS 24 93Z451 40 30 135 O°Cto + 70°C 
1024x80C 24 DM77S180 75 35 170 - 55°C to + 125°C 
1024x80C 24* DM77S280 75 35 170 - 55°C to + 125°C 
1024x80C 24 DM87S180 55 30 170 O°Cto + 70°C 
1024x80C 24* DM87S280 55 30 170 O°Cto +70°C 
1024x8 TS 24 DM77S181 75 35 170 - 55°C to + 125°C 
1024x8 TS 24* DM77S281 75 35 170 - 55°C to + 70°C 
1024 x8 TS 24 DM87S181 55 30 170 O°Cto +70°C 
1024 x8 TS 24* DM87S281 55 30 170 O°Cto +70°C 
1024 x8 TS 24 DM77S181A 65 35 170 - 55°C to + 125°C 
1024x8 TS 24 DM87S181A 45 30 170 O°Cto + 70°C 
2048x40C 18 DM77S184 70 30 140 - 55°C to + 125°C 
2048x40C 18 DM87S184 55 25 140 O°Cto + 70°C 
2048x4 TS 18 DM77S185 70 30 140 - 55°C to + 125°C 
2048x4 TS 18 DM87S185 55 25 140 O°Cto + 70°C 
2048x4 TS 18 DM77S185A 60 30 140 - 55°C to + 125°C 
2048x4 TS 18 DM87S185A 45 25 140 O°C to + 70°C 
2048x4 TS 18 DM77S185B 50 30 140 - 55°C to + 125°C 
2048x4 TS 18 DM87S185B 35 25 140 O°Cto +70°C 

16384 2048x8 TS 24 93Z511 45 30 175 O°Cto + 70°C 
4096x4 TS 20 DM77S195A 60 35 170 - 55°C to + 125°C 
4096x4 TS 20 DM87S195A 45 25 170 O°Cto + 70°C 
4096x4 TS 20 DM77S195B 50 30 170 - 55°C to + 125°C 
4096x4 TS 20 DM87S195B 35 25 170 O°Cto + 70°C 

65384 8192x8 TS 24 93Z665 30 20 180 O°Cto +70°C 
8192x8 TS 24 93Z667 30 20 180 O°Cto +70°C 

°24-Pin Narrow Dual-In-Line Package 
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Registered PROMs 

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

4096 512x8 REG 24- DM77SR474 55 
512x8 REG 24- DM77SR4748 40 
512x8 REG 24- DM87SR474 50 
512x8 REG 24- DM87SR4748 35 
512x8 REG 24- DM77SR476 55 
512x8 REG 24- DM77SR4768 40 
512x8 REG 24- DM77SR27 55 
512x8 REG 24- DM77SR278 40 
512x8 REG 24- DM87SR476 50 
512x8 REG 24- DM87SR4768 35 
512x8 REG 24- DM87SR27 50 
512x8 REG 24- DM87SR278 35 

8192 1024 x 8 REG 24- DM77SR181 50 
1024 x 8 REG 24- DM87SR181 40 
1024x8 REG 24- DM77SR183 45 
1024x8 REG 24- DM87SR183 40 
1024x8 REG 24- DM77SR1838 40 
1024x8 REG 24- DM87SR1838 35 

16384 2048x8 REG 24· DM77SR191 25 
2048x8 REG 24- DM87SR191 18 
2048 x8 REG 24- DM77SR193 25 
2048x8 REG 24- DM87SR193 18 

°24-Pin Narrow Dual-In-line Package 
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tpLH (ClK) 
Icc tpHL (ClK) 

(Max) In rnA 
(Max) In ns 

30 185 
25 185 
27 185 
20 185 
30 185 
25 185 
30 185 
25 185 
27 185 
20 185 
27 185 
20 185 

30 175 
20 175 
30 185 
25 185 
25 185 
20 185 

15 190 
10 190 
15 190 
10 190 

Temperature 
Celsius 

- 55·e to + 125·e 
- 55·e to + 125·e 

o·eto +70·e 
o·eto +70·e 

- 55·e to + 125·e 
- 55·e to + 125·e 
- 55·e to + 125·e 
- 55·e to + 125·e 

o·eto +70·e 
o·eto +70·e 
o·eto +70·e 
o·eto +70·e 

- 55·e to + 125·e 
o·eto +70·e 

- 55·e to + 125·e 
o·eto +70·e 

- 55·e to + 125·e 
o·eto +70·e 

- 55·e to + 125·e 
o·eto +70·e 

- 55·e to + 125·e 
o·eto +70·e 
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m co a ~National 
~ D Semiconductor 
Q. 

PL87X288B 
(32 x 8) 256-Bit TTL Logic PROMs 

General Description 
These Schottky programmable logic devices are organized 
in the popular 32 words by a-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 a 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-15 ns max 
Enable access-12 ns max 
Enable recovery-12 ns max 

• 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 

Block Diagram 

A4 

A3 

A2 

A1 

AD 

07 06 

AO-A4 

G 

GND 

00-07 

Vee 

• TRI-STATE outputs 

05 

256 BIT OR ARRAY 
PROVIDING 

ALL 32 PRODUCT TERt.lS 

04 03 

Pin Names 

Addresses 

Output Enable 

Ground 

Outputs 

Power Supply 
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Connection Diagrams 

Dual-In-Llne Package 

\..../ 
00- 1 16 -Vee 
01- 2 15 -G 
02- 3 14 -A4 

03- 4 13 -A3 

04- 5 12 -A2 

A5- 6 11-A1 

06- 7 10 -AO 

GND- 8 9 -07 

TLID/6747-2 

Top View 

Order Number PL87X288BJ or PL87X288BN 
See NS Package Number J16A or N16A 

Ordering Information 

Plastic Leaded Chip Carrier (PLCC) 

- 0 u 8 o 0 Z > ICI 

02- 4 

03- 5 

NC- 6 

04- 7 

I I I J J 
3 2 1 20 19 

18 ~A4 

17 ~A3 

16 ~NC 

15 ~A2 

05- 8 14 r-A1 
9 10 11 12 13 

Top View 

Order Number PL87X288BV 
See NS Package Number V20A 

Commercial Temperature Range 
O·Cto +70·C 

Parameter/Order Number Max Access Time (ns) 

PL87X288BN 15 

PL87X288BJ 15 

PL87X288BV 15 
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Absolute Maximum Ratings Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee> 
Distributors for availability and specifications. PL87X2888 4.75 5.25 V 
Supply Voltage (Note 2) -0.5 to +7.0V Ambient Temperature (T A) 

Input Voltage (Note 2) -1.2 to +5.5V PL87X2888 0 +70 ·C 

Output Voltage (Note 2) -0.5 to +5.5V Logical "0" Input Voltage 0 0.8 V 

Storage Temperature -65 to + 150·C Logical "1" Input Voltage 2.0 5.5 V 

Lead Temperature (Soldering, 10 seconds) 300·C 

ESD Rating >2000V 

DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 
PL87X2888 

Units 
Min Typ Max 

IlL Input Load Current Vee = Max, VIN = O.4V -80 -250 ,...A 

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

Vee = Max, VIN = 5.5V 1.0 rnA 

VOL Low Level Output Voltage Vee = Min, 10L = 24 rnA 0.35 0.50 V 

VIL Low Level Input Voltage (Note 7) 0.80 V 

VIH High Level Input Voltage (Note 7) 2.0 V 

Ve Input Clamp Voltage Vee = Min, liN = -18 rnA -0.8 -1.5 V 

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

TA = 25·C, 1 MHz 

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

T A = 25·C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Input Grounded 
110 140 rnA 

All Outputs Open 

lOS Short Circuit Vo = OV, Vee = Max -30 -130 rnA 
Output Current (Note 4) 

loz Output Leakage Vee = Max, Vo = 0.4V to 2.4V 100 
,...A 

(TRI-STATE) Chip Disabled -100 

VOH Output Voltage High 10H = -3.2 rnA 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. 
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. 
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AC Electrical Characteristics with standard load and operating conditions 

Symbol Parameter 
JEDEC PL87X288B 

Units 
Symbol Min Typ Max 

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

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

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

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

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

• 
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Functional Description 
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 program
ming tests in the final product. A ROM pattern is also per
manently fixed in the additional circuitry and coded to pro
vide 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 en
able gates. All test circuits are available at both wafer and 
assembled device levels to allow 100% functional and para
metric testing at every stage of the test flow. 

RELIABILITY 

As with all National products, the Ti-W PROMs are subject
ed to an on-going reliability evaluation by the Reliability As
surance Department. These evaluations employ accelerat
ed life tests, including dynamic high-temperature operating 
life, temperature-humidity life, temperature cycling, and ther
mal 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 

4-10 

(J-package). Device performance in all package configura
tions is excellent. 

TITANIUM-TUNGSTEN FUSES 

National's Programmable Read-Only Memories (PROMs) 
feature titanium-tungsten (Ti-W) fuse links designed to pro
gram efficiently with only 10.5V applied. The high perform
ance and reliability of these PROMs are the result of fabrica
tion 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 10.5V, 
this virtually eliminates the need for guard-ring devices and 
wide spacings required for other fuse technologies. Care is 
taken, however, to minimize voltage drops across the die 
and to reduce parasitics. The device is designed 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 oper
ating ranges of Vee and temperature. 



~National 
~ Semiconductor 
DM54/74S188 
(32 x 8) 256-Bit TTL PROM 

General Description 
This Schottky memory is organized in the popular 32 words 
by 8 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 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. 

Block Diagram 

A4 

A3 
A2 
AI 
AO 

07 06 05 

2ffi.B1T ARRAY 
32 x 8 

MEMORY MATRIX 

04 03 02 

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

Address access down to-25 ns max 
Enable access-20 ns max 
Enable recovery-20 ns max 

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

temperature 
• Low voltage TRI-SAFETM programming 
• Open-collector outputs 

01 00 

TLlD/9187-1 

AO-A4 

G 

GND 

00-07 

Vee 

Pin Names 

Addresses 

Output Enable 

Ground 

Outputs 

Power Supply 
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Connection Diagrams 
Dual-In-Llne Package Plastic Leaded Chip Carrier (PLCC) 

'-./ 
00- 1 16 -Vee 
01- 2 15 -G 
02- 3 1~ :-A~ 

03- ~ 13 ~A3 

O~- 5 12 ~A2 

05- 6 11~A1 

06- 7 10 ~AO 

GND- 8 9 ~07 

Top View 
TL/D/9187-2 

02- ~ 

03- 5 

NC- 6 

O~- 7 

05- 8 

- 0 C,.) 8 
I I i I 11 
3 2 1 20 19 

9 10 11 12 13 

Top View 

18~U 

17 -A3 

16 -NC 

15 -A2 

14 ~A1 

Order Number DM54174S188J, 188AJ, 
DM74S188N or 188AN 

See NS Package Number J16A or N16A 
Order Number DM74S188Vor 188AV 

See NS Package Number V20A 

Ordering Information 
Commercial Temp Range (O·C to + 70·C) 

Parameter/Order Number Max Access Time (ns) 

DM74S188N 35 

DM74S188J 35 

DM74S188V 35 

DM74S188AN 25 

DM74S188AJ 25 

DM74S188AV 25 

Military Temp Range ( - 55·C to + 125·C) 

Parameter/Order Number Max Access Time (ns) 

DM54S188J 45 

DM54S188AJ 35 
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Absolute Maximun Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 
Distributors for availability and specifications. Military 4.50 5.50 V 
Supply Voltage (Note 2) -0.5V 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 

ESD to be determined Logical "1" Input Voltage 2.0 5.5 V 

DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 
DM54S188 DM74S188 

Units 
Min Typ Max Min Typ Max 

III 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 

Val Low Level Output Voltage Vee = Min,lOl = 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 IlA 
(Open-Collector Only) 

Vee = Max, VeEX = 5.5V 100 100 IlA 

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 = 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 

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

All Outputs Open 

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 Vec = S.OV and TA = 2S'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. 

AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O°C to + 70°C) 

Symbol 
JEDEC 

Parameter 
DM74S188 DM74S188A 

Units 
Symbol Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 22 35 17 25 ns 

TEA TEVQV Enable Access Time 15 20 15 20 ns 

TER TEXQX Enable Recovery Time 15 25 15 20 ns 

TZX TEVQX Output Enable Time 15 20 15 20 ns 

TXZ TEXQZ Output Disable Time 15 25 15 20 ns 
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MILITARY TEMP RANGE (-55·Cto + 125·C) 

Symbol 
JEDEC 

Parameter 
Symbol 

TAA TAVQV Address Access Time 

TEA TEVQV Enable Access Time 

TER TEXQX Enable Recovery Time 

TZX TEVQX Output Enable Time 

TXZ TEXQZ Output Disable Time 

Functional Description 
TESTABILITY 

Min 

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 program
ming tests in the final product. A ROM pattern is also per
manently fixed in the additional circuitry and coded to pro
vide 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 en
able gates. All test circuits are available at both wafer and 
assembled device levels to allow 100% functional and para
metric testing at every stage of the test flow. 

RELIABILITY 

As with all National products, the Ti-W PROMs are subject
ed to an on-going reliability evaluation by the Reliability As
surance Department. These evaluations employ accelerat
ed life tests, including dynamic high-temperature operating 
life, temperature-humidity life, temperature cycling, and ther
mal 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 configura
tions is excellent. 

DM54S188 DM54S188A 
Units 

Typ Max Min Typ Max 

22 45 17 35 ns 

15 30 15 30 ns 

15 35 15 30 ns 

15 30 15 30 ns 

15 35 15 30 ns 

TITANIUM-TUNGSTEN FUSES 

National's Programmable Read-Only Memories (PROMs) 
feature titanium-tungsten (Ti-W) fuse links designed to pro
gram efficiently with only 10.5V applied. The high perform
ance and reliability of these PROMs are the result of fabrica
tion by a Schottky bipolar process, of which the titanium
tungsten metallization 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 10.5V, 
this virtually eliminates the need for guard-ring devices and 
wide spacings required for other fuse technologies. Care is 
taken, however, to minimize voltage drops across the die 
and to reduce parasitics. The device is designed 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 oper
ating ranges of Vee and temperature. 
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~National 
~ Semiconductor 
DM54/74S288 (32 x 8) 
256-Bit TTL PROM 

General Description 
This Schottky memory is organized in the popular 32 words 
by 8 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 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. 

Block Diagram 

A4 
A3 
A2 
AI 
AO 

07 06 05 

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

Address access down to-25 ns max 
Enable access-20 ns max 
Enable recovery-20 ns max 

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

temperature 
• Low voltage TRI-SAFETM programming 
• TRI-STATE$ Outputs 

2fl6.BlT ARRAY 
32 x 8 

MEMORY MATRIX 

04 03 02 01 00 
TL/D/8360-1 

Pin Names 

AO-A4 Addresses 

G Enable 

GND Ground 

00-07 Outputs 

Vee Power Supply 
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Connection Diagrams 

Dual-ln-L1ne Package 

00- 1 

01- 2 

02- 3 

03- 4 

04- 5 

05- 6 

06- 7 

GND- 8 

Top View 

16 -Vee 

15 -G 
14 ..... A4 

13 I-A3 

121-A2 

111-A1 

10l-AO 

91-07 

TLlD/8360-2 

Order Number DM54174S288J, 288AJ or 
DM74S288N,288AN 

See NS Package Number J16A or N16A 

Ordering Information 

Plastic Leaded Chip Carrier (PLCC) 

02- 4 

03- 5 

NC- 6 

04- 7 

a g ~ ~I(!) 
1 J J J 1 
3 2 1 20 19 

18 -A4 

17 -A3 

16 ~NC 

15 I- A2 

05- 8 141-A1 
9 10 11 12 13 

Top View 

Order Number DM74S288Vor 288AV 
See NS Package Number V20A 

Commercial Temp Range (O"C to + 70·C) 

Parameter/Order Number Max Access Time (ns) 

DM74S288N 35 

DM74S288J 35 

DM74S288V 35 

DM74S288AN 25 

DM74S288AJ 25 

DM74S288AV 25 

Military Temp Range (-SSOC to + 125·C) 

Parameter/Order Number Max Access Time (ns) 

DM54S288J 45 

DM54S288AJ 35 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee> 
Distributors for availability and specifications. Military 4.50 5.50 V 

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

Input Voltage (Note 2) -1.2Vto +5.5V Ambient Temperature (T A) 

Output Voltage (Note 2) -0.5Vto +5.5V 
Military -55 +125 ·C 
Commercial 0 +70 ·C 

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

Lead Temperature (Soldering, 10 sec.) 300·C 
Logical "1" Input Voltage 2.0 5.5 V 

ESD rating to be determined 

DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 
DM54S288 DM74S288 

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 (Note 4) Low Level Input Voltage 0.80 0.80 V 

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

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, Va = 2.0V 
6.0 6.0 pF 

T A = 2S·C, 1 MHz, Outputs Off 

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

All Outputs Open 

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

Output Current (Note 5) 

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

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 = 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 I 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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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMPERATURE RANGE (O°C to + 70°C) 

Symbol Parameter 
JEDEC DM74S288 DM74S288A 

Units 
Symbol Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 22 35 17 25 ns 

TEA Enable Access Time TEVQV 15 20 15 20 ns 

TER Enable Recovery Time TEXQX 15 25 15 20 ns 

TZX Output Enable Time TEVQX 15 25 15 20 ns 

TXZ Output Disable Time TEXQZ 15 25 15 20 ns 

MILITARY TEMPERATURE RANGE (-55°C to + 125°C) 

Symbol 
JEDEC 

Parameter 
DM54S288 DM54S288A 

Units 
Symbol Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 22 45 17 35 ns 

TEA TEVQV Enable Access Time 15 30 15 30 ns 

TER TEXQX Enable Recovery Time 15 35 15 30 ns 

TZX TEVQZ Output Enable Time 15 30 15 30 ns 

TXZ TEXQZ Output Disable Time 15 35 15 30 ns 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabric a-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metalization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As- circuit is liberally designed to insure adequate power density 
surance Department. These evaluations employ accelerat- for blowing the fuse links. The complete circuit design is 
ed life tests, including dynamic high-temperature operating optimized to provide high performance over the entire oper-
life, temperature-humidity life, temperature cycling, and ther-

ating ranges of Vee and temperature. 
mal 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 configura-
tions is excellent. 
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~National 
~ Semiconductor 
DM54/74S287 
(256 x 4) 1024-Bit TTL PROM 

General Description 
This Schottky memory is 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. 

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. 

Block Diagram 

A7 
A6 
A5 
A4 
A3 

DECODER 

A2 -----I 
Al---~ 

AD ---~ 

03 

l024-BIT ARRAY 
32 x 32 

MEMORY MATRIX 

02 01 00 

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

Address access-down to 30 ns max 
Enable access-20 ns max 
Enable recovery-20 ns max 

• 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 
• TRI-STATE® outputs 

Pin Names 

AO-A7 Addresses 

G1, G2 Output Enables 

GND Ground 

00-03 Outputs 

Vee Power Supply 

TL/D/8359-1 
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Connection Diagrams 
Dual-In-Llne-Package 

AS..!. ~J! Vee 

Plastic Leaded Chip Carrier (PLCC) 

III CD c,,) 8 ..... 

AS.! ~ A7 

A41 ~G2 
A3! !!Gf 
AD ~ ~ 00 

Al .! ~ 01 

A2 2. ~ 02 

GND.! ~ 03 

TL/D/6359-2 

Top View 

Order Number DM54174S287J,287AJ, 
DM74S287N or 287AN 

See NS Package Number J16A or N16A 

A4- 4 

A3- 5 

AO- 6 

Al- 7 

A2-8 

-< -< :z > -< 
I I I I I 
3 2 1 20 19 

9 10 11 12 13 

I I I I I 
c,,) Q c,,) ." N 
:z :z :z 0 0 

C> 

Top View 

18 ~G2 

17 ~G1 

16 ~QO 

15 ~NC 

14 ~Ql 

Order Number DM74S287Vor 287AV 
See NS Package Number V20A 

Ordering Information 
Commercial Temp Range (DOC to + 70°C) 

Parameter/Order Number Max Access Time (ns) 

OM7 4S287 AJ 30 

OM7 4S287 J 50 

OM7 4S287 AN 30 

OM74S287N 50 

OM74S287AV 30 

OM74S287V 50 

Military Temp Range (-55°C to + 125°C) 

Parameter/Order Number Max Access Time (ns) 

OM54S287AJ 40 

OM54S287J 60 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 
Distributors for availability and specifications. 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 
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 
Logical "1" Input Voltage 2.0 5.5 V 

ESD >2000V 

DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 
DM54S287 DM74S287 

Units 
Min Typ Max Min Typ Max 

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

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

Vee = Max, VIN=5.5V 1.0 1.0 rnA 

VOL Low Level Output Voltage Vee = 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 

Ve Input Clamp Voltage Vee = Min, IIN= -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, Vo=2.0V 
6.0 6.0 pF 

T A = 25·C, 1 MHz, Outputs Off 

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

All Outputs Open 

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

Output Current (Note 5) 

loz Output Leakage Vee = Max, Vo=0.45V to 2.4V +50 +50 IJ-A 
(TRI-STATE) Chip Disabled -50 -50 IJ-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: 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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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O°C to + 70°C) 

DM74S287 DM74S287A 
Symbol JEDEC Symbol Parameter Units 

Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 35 50 20 30 ns 

TEA TEVQV Enable Access Time 15 25 15 20 ns 

TER TEXQX Enable Recovery Time 15 25 15 20 ns 

TZX TEVQX Output Enable Time 15 25 15 20 ns 

TXZ TEXQZ . Output Disable Time 15 25 15 20 ns 

MILITARY TEMP RANGE (-55°C to + 125°C) 

DM54S287 DM54S287A 
Symbol JEDEC Symbol Parameter Units 

Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 35 60 20 40 ns 

TEA TEVQV Enable Access Time 15 30 15 30 ns 

TER TEXQX Enable Recovery Time 15 30 15 30 ns 

TZX TEVQX Output Enable Time 15 30 15 30 ns 

TXZ TEXQZ Output Disable Time 15 30 15 30 ns 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ad to an on-going reliability evaluation by the Reliability As-
circuit is liberally designed to insure adequate power density 

surance Department. These evaluations employ accelerat-
for blowing the fuse links. The complete circuit design is 

ad life tests, including dynamic high-temperature operating 
optimized to provide high performance over the entire oper-

life, temperature-humidity life, temperature cycling, and ther-
ating ranges of Vee and temperature. 

mal 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 configura-
tions is excellent. 
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~National 
D Semiconductor 
DM54/74S387 
(256 x 4) 1024-Bit TTL PROM 

General Description 
This Schottky memory is 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. 

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. 

Block Diagram 
A7 
AS 
A5 
A4 
A3 

A2 
AI 
AD 

!IT 
G2 

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

Address access-down to 30 ns max 
Enable access-20 ns max 
Enable recovery-20 ns max 

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

ture 
• Low voltage TRI-SAFETM programming 
• Open-collector outputs 

1!lZ4-BlT ARRAY 
32132 

MEMORY MATRIX 

TL/O/9188-1 

Pin Names 

AO-A7 Addresses 

G1-G2 Output Enables 

GND Ground 

00-03 Outputs 

Vee Power Supply 
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Connection Diagrams 

Dual-In-Line Package Plastic Leaded Chip Carrier (PLCC) 

'-' A6- 1 16 f-Vcc 

A5- 2 15 f-A7 

A4- 3 14 f-GZ 

A3- 4 13 f-Gi 

AO- 5 12 t-OO 

Al- 6 111-01 

A2- 7 101-02 

GND- 8 91-03 

Top View 
TL/D/91BB-2 

M-4 
A3- 5 

AO- 6 

Al- 7 

A2- 8 

I/) U) 0 8 ..... 
< < z > < 
I I I I J 
3 2 1 20 19 

9 10 11 12 13 

I I I I I 
o co.., N 
Z Z Z a a 

18 f- GZ 

17 f- Gi 

16 f- 00 

15 f- NC 

141-01 

(.? TLlD/91BB-3 

Order Number DM54174S387J, 387AJ, 
DM74S387N,387AN 

Top View 

Order Number DM74S387V, 387AV 
See NS Package Number V20A See NS Package Number J16A or N16A 

Ordering Information 
Commercial Temp Range (O°C to + 70°C) 

Parameter/Order Number Max Access Time (ns) 

DM74S387AJ 30 

DM74S387J 50 

DM74S387AN 30 

DM74S387N 50 

DM74S387AV 30 

DM74S387V 50 

Military Temp Range ( - 55°C to + 125°C) 

Parameter/Order Number Max Access Time (ns) 

DM54S387 AJ 40 

DM54S387J 60 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 
Distributors for availability and specifications. Military 4.50 5.50 V 

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

Input Voltage (Note 2) -1.2V to +5.5V Ambient Temperature (T A) 

Output Voltage (Note 2) - 0.5V to + 5.5V 
Military -55 +125 °C 
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 
Logical "1" Input Voltage 2.0 5.5 V 

ESD >2000V 

DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 
DM54S387 DM74S387 

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 (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 p.A 
(Open-Collector Only) 

Vee = Max, VeEx = 5.5V 100 100 p.A 

Ve 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 

lee Power Supply Current Vee = Max, Inputs Grounded 
80 130 80 130 mA 

All Outputs Open 

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 V cc = 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. 
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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O°C to + 70°C) 

Symbol Parameter JEDEC Symbol 
DM74S387 DM74S387A 

Units 
Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 35 50 20 30 ns 

TEA Enable Access Time TEVQV 15 25 15 20 ns 

TER Enable Recovery Time TEXQX 15 25 15 20 ns 

TZX Output Enable Time TEVQX 15 25 15 20 ns 

TXZ Output Disable Time TEXQZ 15 25 15 20 ns 

MILITARY TEMP RANGE (- 55°C to + 125°C) 

Symbol Parameter JEDEC Symbol 
DM54S387 DM54S387A 

Units 
Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 35 60 20 40 ns 

TEA Enable Access Time TEVQV 15 30 15 30 ns 

TER Enable Recovery Time TEXQX 15 30 15 30 ns 

TZX Output Enable Time TEVQX 15 30 15 30 ns 

TXZ Output Disable Time TEXQZ 15 30 15 30 ns 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As- circuit is liberally designed to insure adequate power density 
surance Department. These evaluations employ accelerat- for blowing the fuse links. The complete circuit design is 
ed life tests, including dynamic high-temperature operating optimized to provide high performance over the entire oper-
life, temperature-humidity life, temperature cycling, and ther- ating ranges of Vee and temperature. 
mal 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 configura-
tions is excellent. 
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~National 
D Semiconductor 
DM54/74LS471 
(256 x 8) 2048-Bit TTL PROM 

General Description Features 
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. 

Block Diagram 

A7 
A6 
AS 
AD 
Al 

DECODER 

A2 -----i 
A3 -----I 
A4 ----4 

ENABLE 
GATE Q7 Q6 Q5 

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

Address access down to-60 ns max 
Enable access-30 ns max 
Enable recovery-30 ns max 

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

ture 
• Low voltage TRI-SAFETM programming 

• TRI-STATE® outputs 

2048-BIT ARRAY 
32 x 64 

MEMORY MATRIX 

Q4 Q3 Q2 Q1 QO 
TL/0/9190-1 

Pin Names 

AO-A7 Addresses 

G1-G2 Output Enables 

GND Ground 

00-07 Outputs 

Vee Power Supply 
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Connection Diagrams 
Dual-In-Llne Package 

AO Vee 
A1 A7 

A2 A6 

A3 A5 

A4 G2 
00 Gi 
01 07 

02 06 

03 05 

GND 04 

TL/D/9190-2 

Top View 

Order Number DMS4174LS471J or DM74LS471N 
See NS Package Number J20A or N20A 

Ordering Information 

Plastic Leaded Chip Carrier (PLCC) 

~:<~~!C 

3 2 1 20 19 
A3 18 A6 

A4 17 A5 

00 16 G2 
01 15 Gi 
02 8 14 07 

Top View 

Order Number DM74LS471V 
See NS Package Number V20A 

Commercial Temp Range (OOC to + 70'C) 

Parameter/Order Number Max Access Time (ns) 

DM74LS471N 60 

DM74LS471J 60 

DM74LS471V 60 

Military Temp Range ( - SS'C to + 12S'C) 

Parameter/Order Number Max Access Time (ns) 

DM54LS471J 70 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 
Distributors for availability and specifications. Military 4.50 5.50 V 

Supply Voltage (Note 2) -0.5V 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) -0.5Vto +5.5V 
Military -55 +125 ·C 
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 Logical "1" Input Voltage 2.0 5.5 V 
ESD to be determined 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice 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 ratings, refer to the 
programming instructions. 

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 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, 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 

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 = 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 

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

All Outputs Open 

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·STATE) Chip Disabled -50 -50 p,A 

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 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 
DM54LS471 DM74LS471 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 45 70 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 
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Functional Description 

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 program
ming tests in the final product. A ROM pattern is also per
manently fixed in the additional circuitry and coded to pro
vide 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 en
able gates. All test circuits are available at both wafer and 
assembled device levels to allow 100% functional and para
metric testing at every stage of the test flow. 

RELIABILITY 

As with all National products, the Ti-W PROMs are subject
ed to an on-going reliability evaluation by the Reliability As
surance Department. These evaluations employ accelerat
ed life tests, including dynamic high-temperature operating 
life, temperature-humidity life, temperature cycling, and ther
mal 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 configura
tions is excellent. 

TITANIUM-TUNGSTEN FUSES 

National's Programmable Read-Only Memories (PROMs) 
feature titanium-tungsten (Ti-W) fuse links designed to pro
gram efficiently with only 10.5V applied. The high perform
ance and reliability of these PROMs are the result of fabrica
tion by a Schottky bipolar process, of which the titanium
tungsten metallization 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 10.5V, 
this virtually eliminates the need for guard-ring devices and 
wide spacings required for other fuse technologies. Care is 
taken, however, to minimize voltage drops across the die 
and to reduce parasitics. The device is designed 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 oper
ating ranges of Vee and temperature. 
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~National 
~ Semiconductor 
DM54/74S472 
(512 x 8) 4096-Bit TTL PROM 

General Description 
This Schottky memory is organized in the popular 512 
words by S 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 S 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. 

Block Diagram 

AS 
A7 
A6 
AS 
AD 
Al 

A2---~ 

A3---~ 

A4---~ 

ENABLE 
BUFFER 07 06 05 

4IJ96.BlT ARRAY 
64x64 

MEMORY MATRIX 

04 03 02 
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Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access down to-35 ns max 
Enable access-25 ns max 
Enable recovery-25 ns max 

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

temperature 
• Low voltage TRI-SAFETM programming 
• TRI-STATE® outputs 

Pin Names 

AO-AS Addresses 

G Output Enable 

GND Ground 

00-07 Outputs 

Vee Power Supply 

01 00 

TL/O/9191-1 
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Connection Diagrams 
Dual-ln-L1ne Package 

'-..../ 
AO- 1 20l-Vcc 
Al- 2 191-AB 

A2- 3 lB 'r-A7 

A3- 4 17 'r-A6 

M- 5 16 'r-A5 

00- 6 151-G 

01- 7 141-07 

02- B 13 'r-06 

03- 9 12 'r-05 

GNO- 10 111-04 

TL/D/9191-2 

Top View 

Order Number DM54174S472J, 472AJ, 472BJ 
DM74S472N, 472AN, 472BN 

See NS Package Number J20A or N20A 

Ordering Information 

Plastic Leaded Chip Carrier (PLCC) 

A3- 4 

M- 5 

00- 6 

01- 7 

02- B 

N ~ 0 ~ co 

iii I" I 
3 2 1 20 19 

9 10 11 12 13 
I I I I I 
I') 0 .. I() ID 
o zoo 0 

(,!) 

Top View 

1B 'r- A7 

17 'r- A6 

16 'r- A5 

15'r-G 

14 'r- Q7 

TL/D/9191-3 

Order Number DM74S472V, 472AV, 472BV 
See NS Package Number V20A 

Commercial Temp Range (O°C to + 70°C) 

Parameter/Order Number Max Access Time (ns) 

DM74S472AN 45 

DM74S472BN 35 

DM74S472N 60 

DM74S472AJ 45 

DM74S472BJ 35 

DM74S472J 60 

DM74S472AV 45 

DM74S472BV 35 

DM74S472V 60 

Military Temp Range (- 55°C to + 125°C) 

Parameter/Order Number Max Access Time (ns) 

DM54S472AJ 60 

DM54S472BJ 50 

DM54S472J 75 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Ved 
Distributors for availability and specifications. Military 4.50 5.50 V 

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

Input Voltage (Note 2) -1.2Vto +5.5V Ambient Temperature (T A) 

Output Voltage (Note 2) -0.5Vto +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 

ESD to be determined Logical "1" Input Voltage 2.0 5.5 V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice 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. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S472 DM74S472 

Units 
Min Typ Max Min Typ Max 

I,L Input Load Current Vee = Max, Y,N = 0.45V -80 -250 -80 -250 p,A 

I'H Input Leakage Current Vee = Max, Y,N = 2.7V 25 25 p,A 

Vee = Max, Y,N = 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 

V,L Low Level Input Voltage 0.80 0.80 V 

V,H High Level Input Voltage 2.0 2.0 V 

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

C, Input Capacitance Vee = 5.0V, Y,N = 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 

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

All Outputs Open 

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

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

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 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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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O·C to + 70·C) 

Symbol 
JEDEC 

Parameter 
DM74S472 DM74S472A DM74S472B 

Units 
Symbol Min Typ Max Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 60 25 45 25 35 ns 

TEA TEVQV Enable Access Time 15 30 15 30 15 25 ns 

TER TEXQX Enable Recovery Time 15 30 15 30 15 25 ns 

TZX TEVQX Output Enable Time 15 30 15 30 15 25 ns 

TXZ TEXQZ Output Disable Time 15 30 15 30 15 25 ns 

MILITARY TEMP RANGE ( - 55·C to + 125·C) 

Symbol 
JEDEC 

Parameter 
DM54S472 DM54S472A DM54S472B 

Units 
Symbol Min Typ Max Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 75 25 60 25 50 ns 

TEA TEVQV Enable Access Time 15 35 15 35 15 35 ns 

TER TEXQX Enable Recovery Time 15 35 15 35 15 35 ns 

TZX TEVQX Output Enable Time 15 35 15 35 15 35 ns 

TXZ TEXQZ Output Disable Time 15 35 15 35 15 35 ns 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As- circuit is liberally designed to insure adequate power density 
surance Department. These evaluations employ accelerat- for blowing the fuse links. The complete circuit design is 
ed life tests, including dynamic high-temperature operating 

optimized to provide high performance over the entire oper-
life, temperature-humidity life, temperature cycling, and ther-

ating ranges of Vee and temperature. 
mal 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 cnfigura-
tions is excellent. 
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~National 
D Semiconductor 
DM54S473/DM74S473 
(512 x 8) 4096-Bit TTL PROM 

General Description 
This Schottky memory is organized in the popular 512 
words by S 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 S 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. 

Block Diagram 

AS 
A7 
AS 
AS 
AD 
AI 

AZ----I 
A3----t 
A4----I 

Q7 06 05 

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

Address access-45 ns max 
Enable access-30 ns max 
Enable recovery-30 ns max 

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

temperature 
• Low voltage TRI-SAFETM programming 
III Open-collector outputs 

4O!I&BIT ARRAY 
64x64 

MEMORY MATRIX 

04 Q3 Q2 01 QO 
TL/D/9715-1 

Pin Names 

AO-AS Addresses 

G Output Enable 

GND Ground 

00-07 Outputs 

Vee Power Supply 
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Connection Diagrams 

Dual-In-Line Package 

AO-1 

A1- 2 

A2- 3 

A3- 4 

A4- 5 

00- 6 

01- 7 

02- B 

03- 9 

GND- 10 

Top View 

20 ~VCC 

19 r-AB 

1B f-A7 

17 f-A6 

16 ~A5 

15 ~G 

14 r-07 

13 f-06 

12 f-05 

11-04 

TlID/9715-2 

Order Number DM54174S473J, 473AJ, 
DM74S473N or 473AN 

See NS Package Number J20A or N20A 

Ordering Information 

Plastic Leaded Chip Carrier (PLCC) 

A3- 4 

M-5 
00- 6 

01- 7 

3 2 1 20 19 
1B ~A7 

17 r- A6 

16 r- A5 

15 -G 
02- B 14 f-07 

9 10 11 12 13 

Top View 

Order Number DM74S473Vor 473AV 
See NS Package Number V20A 

Commercial Temp. Range (O°C to + 70°C) 

Parameter/Order Number Max Access Time (ns) 

DM74S473AN 45 

DM74S473N 60 

DM74S473AJ 45 

DM74S473J 60 

DM74S473AV 45 

DM74S473V 60 

Military Temp. Range (- 55°C to + 125°C) 

Parameter/Order Number Max Access Time (ns) 

DM54S473AJ 60 

DM54S473J 75 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage (Nota 2) -0.5V to + 7.0V Min Max Units 
Input Voltage (Note 2) -1.2Vto +5.5V Supply Voltage (Vee> 
Output Voltage (Note 2) - 0.5V to + 5.5V Military 4.50 5.50 V 

Storage Temperature - 65·C to + 150·C Commercial 4.75 5.25 V 

Lead Temp. (Soldering, 10 seconds) 300·C Ambient Temperature (T A) 

ESD to be determined Military -55 +125 ·C 

Note 1: Absolute maximum ratings are those values beyond which the de- Commercial 0 +70 ·C 
vice may be permanently damaged. They do not mean that the device may Logical "0" Input Voltage 0 0.8 V be operated at these values. 

Logical "1 " Input Voltage 2.0 5.5 V Note 2: These limits do not apply during programming. For the programming 
ratings, refer to the programming instructions. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S473 DM74S473 

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

Ve 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 

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

All Outputs Open 

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. 

• 
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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP. RANGE (O°C to + 70°C) 

Symbol 
JEDEC 

Parameter 
DM74S473 DM74S473A 

Units 
Symbol Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 60 25 45 ns 

TEA TEVQV Enable Access Time 15 30 15 30 ns 

TER TEXQX Enable Recovery Time 15 30 15 30 ns 

TZX TEVQX Output Enable Time 15 30 15 30 ns 

TXZ TEXQZ Output Disable Time 15 30 15 30 ns 

MILITARY TEMP. RANGE ( - 55°C to + 125°C) 

Symbol 
JEDEC 

Parameter 
DM54S473 DM54S473A 

Units 
Symbol Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 75 25 60 ns 

TEA TEVQV Enable Access Time 15 35 15 35 ns 

TER TEXQX Enable Recovery Time 15 35 15 35 ns 

TZX TEVQX Output Enable Time 15 35 15 35 ns 

TXZ TEXQZ Output Disable Time 15 35 15 35 ns 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 
The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanuim-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica· 
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As-
circuit is liberally designed to insure adequate power density 

surance Department. These evaluations employ accelerat-
for blowing the fuse links. The complete circuit design is 

ed life tests, including dynamic high-temperature operating 
optimized to provide high performance over the entire oper-

life, temperature-humidity life, temperature cycling, and ther-
ating ranges of Vee and temperature. 

mal 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 CERIP (J-
package). Device performance in all package configurations 
is excellent. 
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~National 
D Semiconductor 
DM54/74S474 
(512 x 8) 4096-Bit TTL PROM 

General Description 
This Schottky memory is 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. 

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. 

Block Diagram 

A8 
A7 
A6 
A5 
A4 
A3 

A2----i 
Al----i 
AO----f 

GT 
G2 
G3 
G4 

07 06 05 

4006-81T ARRAY 
64x64 

MEMORY MATRIX 

04 03 02 

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

Address access-35 ns max 
Enable access-25 ns max 
Enable recovery-25 ns max 

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

temperature 
• Low voltage TRI-SAFETM programming 
• TRI-STATE® outputs 

Pin Names 

Q1 00 

TL/D/9714-1 

AO-AS 

G1, G2, G3, G4 

GND 

NC 

00-07 

Vee 

Addresses 

Output Enables 

Ground 

No Connection 

Outputs 

Power Supply 
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'II:t' 
I"'-
'II:t' Connection Diagrams en 
'II:t' 
I"'- Dual-In-Llne Package ::E 
C \J ...... A7- 1 24 -Vee 'II:t' 
I"'- A6- 2 23 ~A8 'II:t' en A5- 3 22 ~NC 'II:t' 
II) 

A4- 4 21 ~Gi ::E 
C A3- 5 20 ~Gi 

A2- 6 19 ~G3 

A1- 7 18 ~G4 

AO- 8 17 ~Q7 

QO- 9 16 r-Q6 

Q1- 10 15 r-Q5 

Q2- 11 14 r-Q4 

GND- 12 13 ~Q3 

TL/D/9714-2 

Top View 

Order Number DM54174S474J, 474AJ, 474BJ, 
DM74S474N, 474AN, 474BN 

See NS Package Number J24A or N24A 

Ordering Information 
Commercial Temp Range (Q·C to + 7a-C) 

Parameter/Order Number Max Access Time (ns) 

DM74S474AJ 45 

DM74S474BJ 35 

DM74S474J 65 

DM74S474AN 45 

DM74S474BN 35 

DM74S474N 65 

DM74S474AV 45 

DM74S474BV 35 

DM74S474V 65 

4·40 

Plastic Leaded Chip Carrier (PLCC) 

II')CQ,",U 8aou 

A4- 5 

A3-6 

A2-7 

A1- 8 

AO- 9 

-c -c -c z > -c z 
I I I I I I I 
4 3 2 1 28 27 26 

Top View 

25 -Gi 
24 -Gi 
23 -G3 

22 -G4 

21-NC 

20 -Q7 

19 -Q6 

TL/D/9714-3 

Order Number DM74S474V, 474AV, 474BV 
See NS Package Number V28A 

Military Temp Range ( - 55·C to + 125·C) 

Parameter/Order Number Max Access Time (ns) 

DM54S474AJ 60 

DM54S474BJ 50 

DM54S474J 75 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 
Distributors for availability and specifications. Military 4.50 5.50 V 
Supply Voltage (Note 2) -0.5V 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 

ESD to be determined Logical "1" Input Voltage 2.0 5.5 V 
Note 1: Absolute maximum ratings are those values beyond which the de· 
vice 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. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S474 DM74S474 

Units 
Min Typ Max Min Typ Max 

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

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

Ve 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, Va = 2.0V 
6.0 6.0 pF 

T A = 25°C, 1 MHz, Outputs off 

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

All Outputs Open 

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

Output Current (Note 2) 

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

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 Vee = 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. 

• I 
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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O·C to + 70·C) 

Symbol JEDEC 
Parameter DM74S474 DM74S474A DM74S474B 

Units Symbol Min Typ Max Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 65 25 45 25 35 ns 

TEA TEVQV Enable Access Time 20 35 15 25 15 25 ns 

TER TEXQX Enable Recovery Time 20 35 15 25 15 25 ns 

TZX TEVQX Output Enable Time 20 35 15 25 15 25 ns 

TXZ TEXQZ Output Disable Time 20 35 15 25 15 25 ns 

MILITARY TEMP RANGE (-55·Cto + 125·C) 

Symbol JEDEC 
Parameter 

DM54S474 DM54S474A DM54S474B Units Symbol Min Typ Max Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 70 25 60 25 50 ns 

TEA TEVQV Enable Access Time 20 40 15 35 15 35 ns 

TER TEXQX Enable Recovery Time 20 40 15 35 15 35 ns 

TZX TEVQX Output Enable Time 20 40 15 35 15 35 ns 

TXZ TEXQZ Output Disable Time 20 40 15 35 15 35 ns 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 
The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As-
circuit is liberally designed to insure adequate power density 

surance Department. These evaluations employ accelerat-
for blowing the fuse links. The complete circuit design is 

ed life tests, including dynamic high-temperature operating 
optimized to provide high performance over the entire oper-

life, temperature-humidity life, temperature cycling, and ther-
ating ranges of Vee and temperature. 

mal 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 configura-
tions is excellent. 
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~National a Semiconductor 
DM54/74S475 (512 x 8) 4096-Bit TTL PROM 

General Description 
This Schottky memory is organized in the popular 512 
words by S 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 S 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. 

Block Diagram 

AS 
A7 
AS 
A5 
A4 
A3 

DECODER 

A2 
Al 
AD 

Gf 
~ 
G3 
G4 

01 Q& os 

4ID).BlT ARMY 
64164 

MEMORY MATRIX 

04 Q3 Q2 

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

Address access-down to 45 ns max 
Enable access-25 ns max 
Enable recovery-25 ns max 

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

temperature 
II Low voltage TRI-SAFETM programming 

• Open-collector outputs 

Pin Names 

01 QD 

TLlD/9192-1 

AO-AS 

G1, G2, G3, G4 

GND 

NC 

00-0 7 

Vee 

Addresses 

Output Enables 

Ground 

No Connection 

Outputs 

Power Supply 
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U) ,------------------------------------------------------------------------------------, ..... 
~ Connection Diagrams 
~ ..... 
::::IE Dual-In-Llne-Package 
C ...... 
U) ..... 
~ 
UJ 
~ 
U) 

::::IE 
c 

A7 24 Vee 
A6 2 23 AS 

A5 NC 

A4 G4 

A3 Gi 
A2 G3 

A1 G2 
AO 07 

00 06 

01 05 

02 04 

GND 03 

TL/D/9192-2 

Top View 

Order Number DM54174S475J, 475AJ, 
DM74S475N or 475AN 

See NS Package Number J24A or N24A 

Ordering Information 

Plastic Leaded Chip Carrier (PLCC) 

II) CD ~ u 8 co u 

"" "" z > "" z 

A4 G4 

A3 24 Gi 
A2 23 G3 

A1 22 G2 
AO NC 

NC 10 07 

00 11 06 

C; N co U ", ..,. II) 
CI Z Z CI CI CI 

CI 

TL/D/9192-3 

Top View 

Order Number DM74S475Vor 475AV 
See NS Package Number V28A 

Commercial Temp Range (O°C to + 70°C) 

Parameter/Order Number Max Access Time (ns) 

DM74S475AJ 45 

DM74S475J 65 

DM74S475AN 45 

DM74S475N 65 

DM74S475AV 45 

DM74S475V 65 

Military Temp Range (- 55°C to + 125°C) 

Parameter/Order Number Max Access Time (ns) 

DM54S475AJ 60 

DM54S475J 75 
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Absolute Maximum Ratings (Note 1) Operating ConditiQns 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee> 
Distributors for availability and sp,clflcatlons. Military 4.50 5.50 V 
Supply Voltage (Note 2) -0.5V to + 7.0V Commercial 4.75 5.25 V 
Input Voltage (Note 2) -1.2Vto +S.SV Ambient Temperature (T A) 
Output Voltage (Note 2) -O.SVto +S.5V Military -55 +125 ·C 

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

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

ESD rating to be determined. Logic "1" Input Voltage 2.0 5.5 V 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice 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. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S475 DM74S475 

Units 
Min Typ Max Min Typ Max 

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

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

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 

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

Ve 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 = 2S·C, 1 MHz, Outputs Off 

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

All Outputs Open 
Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = S.OV and TA = 2S'C. 

• 
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AC Electrical Characteristics (With Standard Load and Operating Conditions) 

COMMERCIAL TEMP RANGE (O"C to + 70°C) 

JEDEC DM74S475 DM74S475A 
Symbol Symbol Parameter Units 

Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 65 25 45 ns 

TEA TEVQV Enable Access Time 20 35 15 25 ns 

TER TEXQX Enable Recovery Time 20 35 15 25 ns 

Tzx TEVQX Output Enable Time 20 35 15 25 ns 

Txz TEXQZ Output Disable Time 20 35 15 25 ns 

MILITARY TEMP RANGE (-55°C to + 125°C) 

JEDEC DM54S475 DM54S475A 
Symbol Symbol Parameter Units 

Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 75 25 60 ns 

TEA TEVQV Enable Access Time 20 40 15 35 ns 

TER TEXQX Enable Recovery Time 20 40 15 35 ns 

Tzx TEVQX Output Enable Time 20 40 15 35 ns 

Txz TEXQZ Output Disable Time 20 40 15 35 ns 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti:W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti:W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As-
circuit is liberally designed to insure adequate power density 

surance Department. These evaluations employ accelerat-
for blowing the fuse links. The complete circuit design is 

ed life tests, including dynamic high-temperature operating 
optimized to provide high performance over the entire oper-

life, temperature-humidity life, temperature cycling, and ther-
ating ranges of Vee and temperature. 

mal 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 configura-
tions is excellent. 
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~National 
a Semiconductor 
DM54/74S570 
(512 x 4) 2048-Bit TTL PROM 

General Description 
This Schottky memory is 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. 

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. 

Block Diagram 
AS 
A7 
AS 
AS 
A4 
A3 

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

a3 

204IHIIT ARRAY 
64x32 

MEMORY MATRIX 

a2 al ao 
TL/D/9189-1 

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

Address access down to-45 ns max 
Enable access-25 ns max 
Enable recovery-25 ns max 

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

ture 
• Low voltage TRI-SAFETM programming 
• Open-collector outputs 

Pin Names 

AO-AS Addresses 

G Enable 

GND Ground 

00-03 Outputs 

Vee Power Supply 
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Connection Diagrams 

Dual·ln·L1ne Package Plastic Leaded Chip Carrier (PLCC) 

~ CD u 8,... 
A6- 1 

A5- 2 

A4- 3 

A3- 4 

AO- 5 

A1- 6 

A2- 7 

GND- 8 

Top View 

16 ~VCC 

15 ~A7 

14 ~A8 

13~G 

121-00 

111-01 

10~02 

9~03 

TLlD/9189-2 

A4- 4 

A3- 5 

AO- 6 

A1- 7 

Iii I" i 
3 2 1 20 19 

18 I- AS 

17 I- G 
16 I- 00 

15 I- Ne 

A2- 8 14 ~01 

9 10 11 12 13 

Order Number DM54174S570J, 570AJ 
DM74S570N, 570AN 

Top View 

Order Number DM74S570V, 570AV 
See NS Package Number V20A See NS Package Number J16A or N16A 

Ordering Information 
Commercial Temp Range (O·C to + 70·C) 

Parameter/Order Number Max Access Time (ns) 

OM74S570AN 45 

OM74S570N 55 

OM74S570AJ 45 

OM74S570J 55 

OM74S570AV 45 

OM74S570V 55 

Military Temp Range ( - 55·C to + 125·C) 

Parameter/Order Number Max Access Time (ns) 

OM54S570AJ 60 

OM54S570J 65 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Mllltaryl Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Offlcel Supply Voltage (Vecl 
Distributors for availability and specifications. Military 4.50 5.50 V 

Supply Voltage (Note 2) -0.5V 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 
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 
Logical "1" Input Voltage 2.0 5.5 V 

ESD to be determined 
Note 1: Absolute Maximum Ratings are those values beyond which the de· 
vice 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. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S570 DM74S570 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0,45V -80 -250 -80 -250 IJ-A 

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

loz Output Leakage Current Vee = Max, VeEx = 2,4V 50 50 IJ-A 
(Open-COllector Only) Vee = Max, VeEx = 5.5V 100 100 IJ-A 

Ve 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 

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

All Outputs Open 

Note 1: These limits apply over the entire operating range unless otherwise noted. All typical values are for Vee = 5.0V and T A = 25'C. 

AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O°C to + 70°C) 

Symbol JEDEC Symbol Parameter 
DM74S570 DM74S570A 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 55 30 45 ns 

TEA TEVQV Enable Access Time 20 30 15 25 ns 

TER TEXQX Enable Recovery Time 20 30 15 25 ns 

TZX TEVQX Output Enable Time 20 30 15 25 ns 

TXZ TEXQZ Output Disable Time 20 30 15 25 ns 

MILITARY TEMP RANGE ( - 55°C to + 125°C) 

Symbol JEDEC Symbol Parameter 
DM54S570 DM54S570A 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 65 30 60 ns 

TEA TEVQV Enable Access Time 20 35 15 35 ns 

TER TEXQX Enable Recovery Time 20 35 15 35 ns 

TZX TEVQX Output Enable Time 20 35 15 35 ns 

TXZ TEXQZ Output Disable Time 20 35 15 35 ns 
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Functional Description 
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 program
ming tests in the final product. A ROM pattern is also per
manently fixed in the additional circuitry and coded to pro
vide 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 en
able gates. All test circuits are available at both wafer and 
assembled device levels to allow 100% functional and para
metric testing at every stage of the test flow. 

RELIABILITY 
As with all National products, the Ti-W PROMs are subject
ed to an on-going reliability evaluation by the Reliability As
surance Department. These evaluations employ accelerat
ed life tests, including dynamic high-temperature operating 
life, temperature-humidity life, temperature cycling, and ther
mal 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 configura
tions is excellent. 

TITANIUM-TUNGSTEN FUSES 
National's Programmable Read-Only Memories (PROMs) 
feature titanium-tungsten (Ti-W) fuse links designed to pro
gram efficiently with only 10.5V applied. The high perform
ance and reliability of these PROMs are the result of fabrica
tion by a Schottky bipolar process, of which the titanium
tungsten metallization 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 10.5V, 
this virtually eliminates the need for guard-ring devices and 
wide spacings required for other fuse technologies. Care is 
taken, however, to minimize voltage drops across the die 
and to reduce parasitics. The device is designed 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 oper
ating ranges of Vee and temperature. 
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~National 
D Semiconductor 
DM54/74S571 
(512 x 4) 2048-Bit TTL PROM 

General Description 
This Schottky memory is 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. 

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. 

Block Diagram 
AS 
A7 
AS 
AS 
A4 
A3 

A2 ___ -I 

AI----l 
AO-----I 

03 

2IJ4S.BIT ARRAY 
64 x 32 

MEMORY MATRIX 

02 01 00 

TL/D/9713-1 
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Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access down to-35 ns max 
Enable access-25 ns max 
Enable recovery-25 ns max 

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

ture 
• Low voltage TRI-SAFETM programming 
• TRI-STATE® outputs 

Pin Names 

AO-AS Address 

G Output Enable 

GND Ground 

00-03 Outputs 

Vee Power Supply 

• I 



Connection Diagrams 

Dual-In-Llne Package 

A6- 1 

A5- 2 

A4- 3 

A3- 4 

AO- 5 

A1- 6 

A2- 7 

GND- 8 

Top View 

16 ~VCC 

15 'r-A7 

14 'r-A8 

13 'r-G 

121-00 

111-01 

101-02 

91-03 

Order Number 
DM54174S571J, 571AJ, 571BJ 

DM74S571N,571AN,571BN 

TLlD/9713-2 

See NS Package Number J16A or N16A 

Ordering Information 

Plastic Leaded Chip Carrier (PLCC) 

It) co 0 8 ...... 
iii I" i 
3 2 1 20 19 

A4-4 18 'r- A8 

A3-5 17'r-G 

AO - 6 16 'r- 00 

Al- 7 151-NC 

A2- 8 141-01 
9 10 11 12 13 
I I I I I 
o Q 0 .., N 
Z ~ zoo 

Top View 

Order Number 
DM74S571V, 571AV, 571BV 

See NS Package Number V20A 

Commercial Temperature Range (O°C to + 70°C) 

Parameter/Order Number Max Access Time (ns) 

DM74S571AN 45 

DM74S571BN 35 

DM74S571N 55 

DM74S571AJ 45 

DM74S571BJ 35 

DM74S571J 55 

DM74S571AV 45 

DM74S571BV 35 

DM74S571V 55 

Military Temp. Range ( - 55°C to + 125°C) 

Parameter/Order Number Max Access Time (ns) 

DM54S571AJ 60 

DM54S571BJ 50 

DM54S571J 65 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee> 
Distributors for availability and specifications. Military 4.50 5.50 
Supply Voltage (Note 2) -0.5V to + 7.0V Commercial 4.75 5.25 

Input Voltage (Note 2) -1.2Vto +5.5V Ambient Temperature (T A) 

Output Voltage (Note 2) -0.5Vto +5.5V Military -55 +125 
Commercial 0 +70 

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

Lead Temp. (Soldering 10 sec.) 300·C 
Logical "1 " Input Voltage 2.0 5.5 

ESD to be determined 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice 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. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S571 DM74S571 

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 mA 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 mA -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, Va = 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 

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

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

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

10H = -6.5mA 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 TA = 2S'C. 

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

V 
V 

·C 
·C 

V 

V 

Units 

p.A 

p.A 

mA 

V 

V 

V 

V 

pF 
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mA 

mA 

p.A 

p.A 

V 

V 

C 
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AC Electrical Characteristics 
COMMERCIAL TEMP RANGE (O°C to + 70°C) 

Symbol 
JEDEC 

Parameter 
DM74S571 DM74S571A DM74S571B 

Unit 
Symbol Min Typ Max Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 55 30 45 30 35 ns 

TEA TEVQV Enable Access Time 20 30 15 25 15 25 ns 

TER TEXQX Enable Recovery Time 20 30 15 25 15 25 ns 

TZX TEVQX Output Enable Time 20 30 15 25 15 25 ns 

TXZ TEXQZ Output Disable Time 20 30 15 25 15 25 ns 

MILITARY TEMP RANGE ( - 55°C to + 125°C) 

Symbol 
JEDEC 

Parameter 
DM54S571 DM54S571A DM54S571B 

Unit 
Symbol Min Typ Max Min Typ Max Min Typ Max 

TM TAVQV Address Access Time 40 65 30 60 30 50 ns 

TEA TEVQV Enable Access Time 20 35 15 35 15 35 ns 

TER TEXQX Enable Recovery Time 20 35 15 35 15 35 ns 

TZX TEVQX Output Enable Time 20 35 15 35 15 35 ns 

TXZ TEXQZ Output Disable Time 20 35 15 35 15 35 ns 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As-
circuit is liberally deSigned to insure adequate power density 

surance Department. These evaluations employ accelerat-
for blowing the fuse links. The complete circuit design is 

ed life tests, including dynamic high-temperature operating optimized to provide high performance over the entire oper-
life, temperature-humidity life, temperature cycling, and ther-

ating ranges of Vee and temperature. 
mal 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 configura-
tions is excellent. 
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~National 
~ Semiconductor 
DM54/74S572 
(1024 x 4) 4096-Bit TTL PROM 

General Description 
This Schottky memory is 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 selected 
word. When disabled, the 4 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. 

Block Diagram 

A9 
AS 
A7 
A6 
A5 
A4 

DECODER 
A3 
A2 
AI 
AO 

iff 
G2 

ENABLE 
GATE 03 

4006-BIT ARRAY 
64x64 

MEMORY MATRIX 

02 01 00 

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

Address access-45 ns max 
Enable access-25 ns max 
Enable recovery-25 ns max 

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

temperature 
• Low voltage TRI-SAFETM programming 
• Open collector outputs 

Pin Names 

AO-A9 Addresses 

G1, G2 Output Enables 

GND Ground 

00-03 Outputs 

Vee Power Supply 

TLlD/9712-1 
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Connection Diagrams 

Dual-In-Llne-Package 

'-' A6- 1 18 ~Vcc 
A5- 2 17 'r-A7 

A4- 3 161-A8 

A3- 4 15 I-A9 

AO- 5 141-00 

A1- 6 13 ~01 

A2- 7 12 ~02 

Gi- 8 11 ~03 

GND- 9 10 'r-G2 

TLlD/9712-2 

Top View 

Order Number DMS4174SS72J, S72AJ, 
DM74SS72N,S72AN 

See NS Package Number J18A or N18A 

Ordering Information 
Commercial Temp Range (O·C to + 70·C) 

Parameter/Order Number Max Access Time (ns) 

DM74S572AJ 45 

DM74S572J 60 

DM74S572AN 45 

DM74S572N 60 

DM74S572AV 45 

DM74S572V 60 
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Plastic Leaded Chip Carrier (PLCC) 

~ ID U ~,... 

Iii i i 
U-4 
A3- 5 

AO- 6 

A1- 7 

A2-8 

3 2 1 20 19 

9 10 11 12 13 

Top View 

18 -A8 

17 -A9 

16 -00 

15 -Ne 

14 -01 

Order Number DM74SS72V, S72AV 
See NS Package Number V20A 

TL/D/9712-3 

Military Temp Range (-SS·C to + 12S·C) 

Parameter/Order Number Max Access Time (ns) 

DM54S572AJ 60 

DM54S572J 75 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military! Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office! Supply Voltage (Ved 
Distributors for availability and specifications. 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 sec.) 300·C Logical "0" Input Voltage 0 0.8 V 

ESD to be determined Logic "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. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S572 DM74S572 

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, IOL = 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 

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

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

CI Input Capacitance Vee = 5.0V, 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 

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

All Outputs Open 

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. 

4-57 



AC Electrical Characteristics (With Standard Load and Operating Conditions) 

COMMERCIAL TEMP RANGE (O'C to + 70'C) 

Symbol JEDEC Symbol Parameter 

TAA TAVQV Address Access Time 

TEA TEVQV Enable Access Time 

TER TEXQX Enable Recovery Time 

MILITARY TEMP RANGE (-55'Cto + 125'C) 

Symbol JEDEC Symbol Parameter 

TAA TAVQV Address Access Time 

TEA TEVQV Enable Access Time 

TER TEXQX Enable Recovery Time 

Functionai Description 
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 program
ming tests in the final product. A ROM pattern is also per
manently fixed in the additional circuitry and coded to pro
vide 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 en
able gates. All test circuits are available at both wafer and 
assembled device levels to allow 100% functional and para
metric testing at every stage of the test flow. 

RELIABILITY 
As with all National products, the Ti-W PROMs are subject
ed to an on-going reliability evaluation by the Reliability As
surance Department. These evaluations employ accelerat
ed life tests, including dynamic high-temperature operating 
life, temperature-humidity life, temperature cycling, and ther
mal 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 configura
tions is excellent. 

DM74S572 DM74S572A 
Units 

Min Typ Max Min Typ Max 

40 60 25 45 ns 

20 35 15 25 ns 

20 35 15 25 ns 

DM54S572 DM54S572A 
Units 

Min Typ Max Min Typ Max 

40 75 25 60 ns 

20 45 15 35 ns 

20 45 15 35 ns 

TITANIUM-TUNGSTEN FUSES 
National's Programmable Read-Only Memories (PROMs) 
feature titanium-tungsten (Ti-W) fuse links designed to pro
gram efficiently with only 10.5V applied. The high perform
ance and reliability of these PROMs are the result of fabrica
tion by a Schottky bipolar process, of which the titanium
tungsten metallization 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 10.5V, 
this virtually eliminates the need for guard-ring devices and 
wide spacings required for other fuse technologies. Care is 
taken, however, to minimize voltage drops across the die 
and to reduce parasitics. The device is designed 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 oper
ating ranges of Vee and temperature. 
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~National a Semiconductor 
DM54/74S573 
(1024 x 4) 4096-Bit TTL PROM 

General Description 
This Schottky memory is 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 selected 
word. When disabled, the 4 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. 

Block Diagram 

A9 
A8 
A7 
AS 
AS 
A4 

A3 
A2 
AI 
AD 

iff 
G2 

ENABLE 
GATE Q3 

4006-BIT ARRAY 
64x64 

MEMORY MATRIX 

Q2 Q1 QO 

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

Address access-down to 35 ns max 
Enable access-25 ns max 
Enable recovery-25 ns max 

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

temperature 
• Low voltage TRI-SAFETM programming 
• TRI-STATEIK> Outputs 

Pin Names 

AO-A9 Addresses 

G1-G2 Output Enables 

GND Ground 

00-03 Outputs 

Vee Power Supply 

TLlD/9193-1 
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Connection Diagrams 

Dual-In-Llne Package 

AO- 1 

Al- 2 

A2- 3 

A3- 4 

A4- 5 

00- 6 

01- 7 

02- 8 

03- 9 

GND- 10 

Top View 

20 -Vee 

19 -A8 

18 -A7 

17 ~A6 

16 I-A5 

151-G 

141-07 

13 1-06 

121-05 

111-04 

Order Number 
DM54174S573J, 573AJ, 573BJ 
DM74S573N, 573AN, 573BN 

TL/D/9193-2 

See NS Package Number J18A or N18A 

Ordering Information 

Plastic Leaded Chip Carrier (PLCC) 

~ _ 0 8 00 

I I I .. I 
A3- 4 

A4-5 

00- 6 

01- 7 

3 2 1 20 19 
18 I- A7 

17 I- A6 

16 I- AS 

15 I- G 
02- 8 141-07 

9 10 11 12 13 

Top View 

Order Number 
DM74S573V, 573AV, 573BV 

See NS Package Number V20A 

Commercial Temp Range (O°C to + 70°C) 

Parameter/Order Number Max Access Time (ns) 

DM74S573AJ 45 

DM74S573BJ 35 

DM74S573J 60 

DM74S573AN 45 

DM74S573BN 35 

DM74S573N 60 

DM74S573AV 45 

DM74S573BV 35 

DM74S573V 60 

Military Temp Range ( - 55°C to + 125°C) 

Parameter/Order Number Max Access Time (ns) 

DM54S573AJ 60 

DM54S573BJ 50 

DM54S573J 75 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee> 
Distributors for availability and specifications. Military 4.50 5.50 V 

Supply Voltage (Note 2) -0.5V 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 
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 
Logical "1" Input Voltage 2.0 5.5 V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice 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. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM54S573 DM74S573 

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 

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 

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

All Outputs Open 

los Short Circuit Va = av, Vee = Max 
-20 -70 -20 -70 rnA 

Output Current (Note 2) 

loz Output Leakage Vee = Max, Va = 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 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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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O°C to + 70°C) 

Symbol 
JEDEC 

Parameter 
DM74S573 DM74S573A DM74S573B 

Units 
Symbol Min Typ Max Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 60 25 45 25 35 ns 

TEA TEVQV Enable Access Time 20 35 15 25 15 25 ns 

TER TEXQX Enable Recovery Time 20 35 15 25 15 25 ns 

TZX TEVQX Output Enable Time 20 35 15 25 15 25 ns 

TXZ TEXQZ Output Disable Time 20 35 15 25 15 25 ns 

MILITARY TEMP RANGE (- 55°C to + 125°C) 

Symbol 
JEDEC 

Parameter 
DM54S573 DM54S573A DM54S573B 

Units 
Symbol Min Typ Max Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 75 25 60 25 50 ns 

TEA TEVQV Enable Access Time 20 45 15 35 15 35 ns 

TER TEXQX Enable Recovery Time 20 45 15 35 15 35 ns 

TZX TEVQX Output Enable Time 20 45 15 35 15 35 ns 

TXZ TEXQZ Output Disable Time 20 45 15 35 15 35 ns 

Functional Description 
TESTABILITY TITANIUM·TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As-
circuit is liberally designed to insure adequate power density 

surance Department. These evaluations employ accelerat- for blowing the fuse links. The complete circuit design is 
ed life tests, including dynamic high-temperature operating 

optimized to provide high performance over the entire oper-
life, temperature-humidity life, temperature cycling, and ther-

ating ranges of Vee and temperature. 
mal 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 configura-
tions is excellent. 
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~National 
~ Semiconductor 
DM77/87S 180, DM77/87S280 
(1024 x 8) 8192-Bil TTL PROMs 

General Description Features 
These Schottky memories are organized in the popular 
1024 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 8 outputs go to the "OFF" or 

• Advanced titanium-tungsten (Ti-W) fuses 

high impedance state. . 

• Schottky-clamped for high speed 
Address access-55 ns max 
Enable access-30 ns max 
Enable recovery-30 ns max 

• PNP inputs for reduced input loading 
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. 

• All DC and AC parameters guaranteed over 
temperature 

• Low voltage TRI-SAFETM programming 

• Open-collector outputs 

Block Diagram 

AS 
A4 
A3 
A2 
Al 
AD 

Pin Names 
8192-BIT ARRAY 

64 x 128 
MEMORY MATRIX 

A6------~~~~~~~~~~~~~~~_,~~~~~ 
A7----I 
A8------I 
A9------~~~~~r-~~~~~~~~~~~~~~~ 

iIT 
G2 
G3 
G4 

ENABLE 
GATE 07 06 05 04 03 02 Q1 00 

TLIO/9716-1 
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AO-A9 Addresses 

G1, G2, G3, G4 Output Enables 

GND Ground 

00-07 Outputs 

Vee Power Supply 
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Connection Diagrams 

Dual-In-Llne-Package 

A7- 1 

A6- 2 

A5- 3 

A4- 4 

A3- 5 

A2- 6 

A1- 7 

AO- 8 

00- 9 

01- 10 

02- 11 

GND- 12 

Top View 

241-VCC 

23 t-A8 

22 -A9 

21 -G4 

20 -G'1 
19 -G3 

18 ..... <;2 

17 t-07 

16 t-06 

15 t-05 

14 t-04 

13 t-03 

Order Number DM77/87S180J, 280J 
DM87S180N,280N 

TLlD/9716-2 

See NS Package Number J24A, J24F, N24A or N24C 

Ordering Information 

Plastic Leaded Chip Carrier (PLCC) 

on ID .... u tl DO '" 

iii i I' ii 
4 3 2 1 28 27 26 

A4- 5 25 r-G4 

A3- 6 24 r- iii 
A2- 7 23 r-G3 

A1 - 8 22 r- G2 
AO- 9 21 f-NC 

NC- 10 20 f-Q7 

QO- 11 19 f-Q6 

12 13 14 15 16 17 18 

Top View 

Order Number DM87S180V 
See NS Package Number V28A 

Commercial Temp Range (O°C to + 70°C) 

Parameter/Order Number 

DM87S180J 

DM87S180N 

DM87S180V 

DM87S280J 

DM87S280N 

24-Pln 
Standard DIP 

x 
x 
x 

24-Pln 
Narrow DIP 

x 
x 

Military Temp Range ( - 55°C to + 125°C) 

Parameter/Order Number 

DM77S180J 

DM77S280J 

24-Pln 
Standard DIP 

x 
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24-Pln 
Narrow DIP 

x 

Max Access 
Time (ns) 

55 
55 
55 
55 
55 

Max Access 
Time (ns) 

75 

75 

TL/D/9716-3 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 
Distributors for availability and specifications. Military 4.50 5.50 V 
Supply Voltage (Note 2) -0.5V 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 

ESD to be determined Logical "1" Input Voltage 2.0 5.5 V 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice 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. 

DC Electrical Characteristics (Note 1) 

DM77S180 DM87S180 
Symbol Parameter Conditions DM77S280 DM87S280 Units 

Min Typ Max Min Typ Max 

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

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 IJ-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 IJ-A 
(Open-Collector Only) 

Vee = Max, VeEx = 5.5V 100 100 IJ-A 

Ve 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 

lee Power Supply Current Vee = Max, Input Grounded 
115 170 115 170 mA 

All Outputs Open 

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. 
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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O°C to + 70°C) 

Symbol JEDEC Symbol Parameter 

TAA TAVQV Address Access Time 

TEA TEVQV Enable Access Time 

TER TEXQX Enable Recovery Time 

MILITARY TEMP RANGE (-55°C to + 125°C) 

Symbol JEDEC Symbol Parameter 

TAA TAVQV Address Access Time 

TEA TEVQV Enable Access Time 

TER TEXQX Enable Recovery Time 

Functional Description 
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 program
ming tests in the final product. A ROM pattern is also per
manently fixed in the additional circuitry and coded to pro
vide 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 en
able gates. All test circuits are available at both wafer and 
assembled device levels to allow 100% functional and para
metric testing at every stage of the test flow. 

RELIABILITY 
As with all National products, the Ti-W PROMs are subject
ed to an on-going reliability evaluation by the Reliability As
surance Department. These evaluations employ accelerat
ed life tests, including dynamic high-temperature operating 
life, temperature-humidity life, temperature cycling, and ther
mal shock. To date, nearly 7.4 million Schottky Ti-W PROM 
device hours have been logged, with samples in Epoxy 8 
molded DIP (N-package), PLCC (V-package) and CERDIP 
(J-package). Device performance in all package configura
tions is excellent. 
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DM87S180 
DM87S280 Units 

Min Typ Max 

40 55 ns 

15 30 ns 

15 30 ns 

DM77S180 
DM77S280 Units 

Min Typ Max 

40 75 ns 

15 35 ns 

15 35 ns 

TITANIUM· TUNGSTEN FUSES 
National's Programmable Read-Only Memories (PROMs) 
feature titanium-tungsten (Ti-W) fuse links designed to pro
gram efficiently with only 10.5V applied. The high perform
ance and reliability of these PROMs are the result of fabrica
tion by a Schottky bipolar process, of which the titanium
tungsten metallization 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 10.5V, 
this virtually eliminates the need for guard-ring devices and 
wide spacings required for other fuse technologies. Care is 
taken, however, to minimize voltage drops across the die 
and to reduce parasitics. The device is designed 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 oper
ating ranges of Vee and temperature. 



~National a Semiconductor 
DM77/87S181, DM77/87S281 
(1024 x 8) 8192-Bit TTL PROMs 

General Description Features 
These Schottky memories are organized in the popular 
1024 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 8 outputs go to the "OFF" or 
high impedance state. 

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

Address access--45 ns max 
Enable access-30 ns max 
Enable recovery-30 ns max 

II PNP inputs for reduced input loading 
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. 

II All DC and AC parameters guaranteed over 
temperature 

• Low voltage TRI-SAFETM programming 
• TRI-STATE® outputs 

Block Diagram 

AS 
A4 
A3 
A2 
AI 
AD 

8192·BIT ARRAY 
64 x 128 

MEMORY MATRIX 
Pin Names 

A6-------r~~~~~~~~~~~~~~~~~_r~ 
A7------I 
AB-------4 
A9------~~i_~~~~J-~~~~~~~r-t~~~~ 

iIT 
~ 
G3 
G4 

07 06 05 04 03 02 01 00 

TL/D/9194-1 
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AO-A9 Addresses 

G1, G2, G3, G4 Output Enables 

GND Ground 

00-07 Outputs 

Vee Power Supply 
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Connection Diagrams 
Dual-ln-L1ne Package Plastic Leaded Chip Carrier (PLCC) 

'-J It) 00,....0 Saocn 
A7- 1 24 I-Vcc 

-< iii I" i i I 
A6- 2 23 I-A8 4 3 2 1 28 27 26 
A5- 3 22 I-A9 M- 5 25 I- G4 

A4- 4 211-G4 A3- 6 24 I-Gl 

A3- 5 20 I-Gl A2- 7 23 I-G3 

A2- 6 191-G3 A1- 8 22 1-(;2 

A1- 7 181-(;2 AO- 9 211-NC 

AO- 8 17 I-Q7 NC- 10 20l-Q7 

QO- 9 161-Q6 QO- 11 19 I- Q6 

Q1- 10 15 I-Q5 12 13 14 15 16 17 18 

Q2- 11 141-Q4 !l!1~!! 
GND- 12 131-Q3 

o0t5 zooo 

TL/D/9194-3 

TL/D/9194-2 Top View 

Top View 
Order Number DM87S181V 

Order Number DM77/87S181J, 281J, 181AJ, 281AJ, See NS Package Number V28A 

DM87S181N, 281N, 181AN, 281AN 
See NS Package Number J24A, J24F, N24A or N24C 

Ordering Information 
Commercial Temp Range (O°C to + 70°C) 

Parameter/Order Number 24-Pln 24-Pln Max Access 
Standard DIP Narrow DIP Time (ns) 

DM87S181AJ X 45 

DM87S181J X 55 

DM87S181AN X 45 

DM87S181N X 55 

DM87S181V X 55 

DM87S281AJ X 45 

DM87S281J X 55 

DM87S281AN X 45 

DM87S281N X 55 

Military Temp Range (- 55°C to + 125°C) 

Parameter/Order Number 24-Pln 24-Pin Max Access 
Standard DIP Narrow DIP Time (ns) 

DM77S181AJ X 65 

DM77S181J X 75 

DM77S281AJ X 65 

DM77S281J X 75 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee> 
Distributors for availability and specifications. Military 4.50 5.50 V 

Supply Voltage (Note 2) -0.5V 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 
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 
Logical "1 " Input Voltage 2.0 5.5 V 

ESD to be determined. 
Note 1: Absolute maximum ratings are those values beyond which the de· 
vice 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. 

DC Electrical Characteristics (Note 1) 

DM77S181 DM87S181 
Symbol Parameter Conditions DM77S281 DM87S281 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 

Ve 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, Va = 2.0V 
6.0 6.0 pF 

T A = 25·C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Input Grounded 
115 170 115 170 mA 

All Outputs Open 

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

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

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 Vce = S.OV and TA = 2S'C. 

Note 2: During lOS measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O°C to + 70°C) 

DM87S181 DM87S181A 
Symbol JEDEC Symbol Parameter DM87S281 DM87S281A Units 

Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 55 35 45 ns 

TEA TEVQV Enable Access Time 15 30 15 30 ns 

TER TEXQX Enable Recovery Time 15 30 15 30 ns 

TZX TEVQX Output Enable Time 15 30 15 30 ns 

TXZ TEXQZ Output Disable Time 15 30 15 30 ns 

MILITARY TEMP RANGE (-55°C to + 125°C) 

DM77S181 DM77S181A 
Symbol JEDEC Symbol Parameter DM77S281 DM77S281A Units 

Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 75 35 65 ns 

TEA TEVQV Enable Access Time 15 35 15 35 ns 

TER TEXQX Enable Recovery Time 15 35 15 35 ns 

TZX TEVQX Output Enable Time 15 35 15 35 ns 

TXZ TEXQZ Output Disable Time 15 35 15 35 ns 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 
The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As-
circuit is liberally designed to insure adequate power density 

surance Department. These evaluations employ accelerat-
for blowing the fuse links. The complete circuit design is 

ed life tests, including dynamic high-temperature operating 
optimized to provide high performance over the entire oper-

life, temperature-humidity life, temperature cycling, and ther-
ating ranges of Vee and temperature. 

mal 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 configura-
tions is excellent. 
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~National 
D Semiconductor 
DM77/87S184 
(2048 x 4) 8192-Bit TTL PROM 

General Description 
This Schottky memory is organized in the popular 2048 
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. 

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. 

Block Diagram 

A9 
A8 
A7 

A6 

AS 
A4 

Al0------t 
A3------i 
A2------i 
Al------t 
AO------t 

03 

8192·BIT ARRAY 
64>< 128 

MEMORY MATRIX 

02 01 

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

Address access-55 ns max 
Enable access-25 ns max 
Enable recovery-25 ns max 

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

temperature 
• Low voltage TRI-SAFETM programming 
• Open-collector outputs 

Pin Names 

AO-A10 Addresses 

G Output Enable 

GND Ground 

00-03 Outputs 

Vee Power Supply 

00 

TL/D/9717-1 

4-71 

• I 



~ .-------------------------------------------------------------------------------~ 
CD 
0p-

t/) ..... 
CD 
::E 
C 
"
~ 
CD 
0p-

t/) ..... ..... 
::E 
C 

Connection Diagrams 

Dual-ln-L1ne Package 

\...../ 
A6- 1 18 -Vee 
A5- 2 17 -A7 

A"- 3 16 -A8 

A3- " 15 -A9 

AO- 5 1" -00 

Al- 6 13 -01 

A2- 7 12 -02 

Al0- 8 11-03 

GND- 9 10 ~G 

Plastic Leaded Chip Carrier (PLCC) 

A"- " 
A3- 5 

3 2 1 20 19 
18 ~A8 

17 -A9 

AO- 6 16 -00 

Al- 7 15 -Ne 

A2-8 1"-01 
9 10 11 12 13 

TLlD/9717-2 TL/D/9717-3 

Top View Top View 

Order Number DM77/87S184J, 
184AJ or DM87S184N,184AN 

See NS Package Number J18A or N18A 

Ordering Information 

Order Number DM87S184V,184AV 
See NS Package Number V20A 

Commercial Temp Range (O"C to + 70·C) 

Parameter/Order Number Max Acces Time (ns) 

DM87S184AN 45 

DM87S184N 55 

DM87S184AJ 45 

DM87S184J 55 

DM87S184AV 45 

DM87S184V 55 

Military Temp Range (-55·C to + 125·C) 

Parameter/Order Number Max Acces Time (ns) 

DM77S184J 70 

DM77S184AJ 60 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 
Distributors for availability and specifications. Military 4.50 5.50 V 
Supply Voltage (Note 2) -0.5V to + 7.0V Commercial 4.75 5.25 V 

Input Voltage (Note 2) -1.2V to +5.5V Ambient Temperature (T A) 

Output Voltage (Note 2) - 0.5V to + 5.5V 
Military -55 +125 ·C 
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 Logical "1" Input Voltage 2.0 5.5 V 
ESD to be determined. 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice 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. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM77S184 DM87S184 

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 26 25 JlA 

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 JlA 
(Open-COllector Only) 

Vee = Max, VeEX = 5.5V 100 100 JlA 

Ve 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 

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

All Outputs Open 
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. 

II 
I 
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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O·C to + 70·C) 

JEDEC 
Symbol Parameter 

Symbol 

TAA TAVaV Address Access Time 

TEA TEVaV Enable Access Time 

TER TEXaX Enable Recovery Time 

MILITARY TEMP RANGE (-55·C to + 125·C) 

Symbol 
JEDEC 

Parameter 
Symbol 

TAA TAVaV Address Access Time 

TEA TEVaV Enable Access Time 

TER TEXaX Enable Recovery Time 

Functional Description 
TESTABILITY 

Min 

Min 

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 program
ming tests in the final product. A ROM pattern Is also per
manently fixed in the additional circuitry and coded to pro
vide 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 en
able gates. All test circuits are available at both wafer and 
assembled device levels to allow 100% functional and para
metric testing at every stage of the test flow. 

RELIABILITY 
As with all National products, the Ti-W PROMs are subject
ed to an on-going reliability evaluation by the Reliability As
surance Department. These evaluations employ accelerat
ed life tests, including dynamic high-temperature operating 
life, temperature-humidity life, temperature cycling, and ther
mal 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 configura
tions is excellent. 

DM87S184 DM87S184A 
Units 

Typ Max Min Typ Max 

40 55 30 45 ns 

15 25 15 25 ns 

15 25 15 25 ns 

DM77S184 DM77S184A 
Units 

Typ Max Min Typ Max 

40 70 30 60 ns 

15 30 15 30 ns 

15 30 15 30 ns 

TITANIUM-TUNGSTEN FUSES 
National's Programmable Read-Only Memories (PROMs) 
feature titanium-tungsten (Ti-W) fuse links designed to pro
gram efficiently with only 10.5V applied. The high perform
ance and reliability of these PROMs are the result of fabrica
tion by a Schottky bipolar process, of which the titanium
tungsten metallization 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 10.5V, 
this virtually eliminates the need for guard-ring devices and 
wide spacings required for other fuse technologies. Care is 
taken, however, to minimize voltage drops across the die 
and to reduce parasitics. The device is designed 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 oper
ating ranges of Vee and temperature. 
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~National a Semiconductor 
DM77/87S185 
(2048 x 4) 8192-Bil TTL PROM 

General Description 
This Schottky memory is organized in the popular 2048 
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. 

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. 

Block Diagram 

A9 
A8 
A7 

A6 

AS 
A4 

A1D-----~ 
A3-----~ 
A2------I 
Al-----~ 
AD-----.... 

03 

8192·BIT ARRAY 
64 x 128 

MEMORY MATRIX 

02 01 

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

Address access-35 ns max 
Enable access-25 ns max 
Enable recovery-25 ns max 

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

temperature 
• Low voltage TRI-SAFETM programming 
• TRt-ST ATEI!'> outputs 

Pin Names 

AO-A10 Addresses 

G Output Enable 

GND Ground 

00-03 Outputs 

Vee Power Supply 

OD 

TL/0/9197-1 
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Connection Diagrams 
Dual-In-Llne-Package 

A6 - 1 
U 

18 - Vee 

A5 - 2 17 - A7 

A4 - 3 16 I- A8 

A3 - 4 15 ~ A9 

AD - 5 14 I- 00 

Al - 6 13 ~ 01 

A2 - 7 12 I- 02 

Al0 - 8 11 ~ 03 

GND - 9 10 I- G 

TL/D/9197-2 

Top View 

Order Number DM77/87S185J, 185AJ, 185BJ 
DM87S185N,185AN,185BN 

See NS Package Number J18A or N18A 

Ordering Information 
Commercial Temp Range (O°C to + 70°C) 

Parameter/Order Number Max Access Time (ns) 

DM87S185AJ 45 

DM87S185BJ 35 

DM87S185J 55 

DM87S185AN 45 

DM87S185BN 35 

DM87S185N 55 

DM87S185AV 45 

DM87S185BV 35 

DM87S185V 55 
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Plastic Leaded Chip Carrier (PLCC) 

3 2 1 20 19 
A4- 4 18 ~A8 

A3- 5 17 I-A9 

AO- 6 16 1-00 

A1- 7 15 I-NC 

A2- 8 14 1-01 
9 10 11 12 13 

TL/D/9197-3 

Top View 

Order Number DM87S185V, 185AV, 185BV 
See NS Package Number V20A 

Military Temp Range (-55°C to + 125°C) 

Parameter/Order Number Max Access Time (ns) 

DM77S185AJ 60 

DM77S185BJ 50 

DM77S185J 70 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee> 
Distributors for availability and specifications. Military 4.50 5.50 V 
Supply Voltage (Note 2) -0.5Vto +7.0V Commercial 4.75 5.25 V 
Input Voltage (Note 2) -1.2Vto +S.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 

Logical "0" Input Voltage 0 0.8 V 
Lead Temp. (Soldering, 10 seconds) 300°C Logical "1" Input Voltage 2.0 5.5 V 
ESD to be determined 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice 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. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM77S185 DM87S185 

Units 
Min Typ Max Min Typ Max 

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

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

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 

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

CI Input Capacitance Vee = S.OV, 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 

lee Power Supply Current Vee = Max,lnput Grounded 
100 140 100 140 rnA 

All Outputs Open 

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

Output Current (Note 2) 

10Z Output Leakage Vee = Max, Vo = 0.45V to 2.4V 
-50 +50 -50 +50 IJoA (TAl-STATE) Chip Disabled 

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 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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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O°C to + 70°C) 

JEDEC DM87S185 DM87S185A DM87S185B 
Symbol 

Symbol 
Parameter Units 

Min Typ Max Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 55 30 45 25 35 ns 

TEA TEVQV Enable Access Time 15 25 15 25 15 25 ns 

TER TEXQX Enable Recovery Time 15 25 15 25 15 25 ns 

TZX TEVQX Output Enable Time 15 25 15 25 15 25 ns 

TXZ TEXQZ Output Disable Time 15 25 15 25 15 25 ns 

MILITARY TEMP RANGE (-55°C to + 125°C) 

JEDEC DM77S185 DM77S185A DM77S185B 
Symbol 

Symbol 
Parameter Units 

Min Typ Max Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 40 70 30 60 25 50 ns 

TEA TEVQV Enable Access Time 15 30 15 30 15 30 ns 

TER TEXQX Enable Recovery Time 15 30 15 30 15 30 ns 

TZX TEVQX Output Enable Time 15 30 15 30 15 30 ns 

TXZ TEXQZ Output Disable Time 15 30 15 30 15 30 ns 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As- circuit is liberally designed to insure adequate power density 
surance Department. These evaluations employ accelerat- for blowing the fuse links. The complete circuit design is 
ed life tests, including dynamic high-temperature operating optimized to provide high performance over the entire oper-
life, temperature-humidity life, temperature cycling, and ther- ating ranges of Vee and temperature. 
mal 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 configura-
tions is excellent. 
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~National 
D Semiconductor 
DM77/87S195 
(4096 x 4) 16,384-Bit TTL PROM 

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. 

Block Diagram 

A11 

A1D 

A9 16,384·BIT ARRAY 
A8 128 x 128 

A7 MEMORY MATRIX 

A6 

A5 

A4 

A3 
A2 

At 
AD 

~=l ENABLE 
GATE 

03 02 01 

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

Address access-35 ns max 
Enable access-25 ns typ 
Enable recovery-25 ns typ 

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

temperature 
• Low voltage TRI-SAFETM programming 
• TRI-STATE outputs 

00 
TLlD/9199-1 

AO-A11 

G1-G2 

GND 

00-03 

Vee 

Pin Names 

Addresses 

Output Enables 

Ground 

Outputs 

Power Supply 
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Connection Diagram 

Ordering Information 

Dual-In-Llne Package 

A8- 1 

A7- 2 

A6- 3 

A5- 4 

A4- 5 

A3- 6 

A2- 7 

A1- 8 

AO- 9 

GND- 10 

Top View 

20 -Vee 

19 ~A9 

181-A10 

171-A11 

161-G1 

15 I- G2 
141-00 

131-01 

121-02 

111-03 

TLlD/9199-2 

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

See NS Package Number J20A or N20A 

Commercial Temp Range (O°C to + 70°C) 

Parameter/Order Number Max Access Time (ns) 

DM87S195AJ 45 

DM87S195BJ 35 

DM87S195AN 45 

DM87S195BN 35 

Military Temp Range ( - 55°C to + 125°C) 

Parameter/Order Number Max Access Time (ns) 

DM77S195AJ 60 

DM77S195BJ 50 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage (Note 2) -0.5Vto +7.0V Min Max Units 

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

Output Voltage (Note 2) - 0.5V to + 5.5V Military 4.50 5.50 V 
Commercial 4.75 5.25 V 

Storage Temperature - 65·C to + 150·C Ambient Temperature (T A) 
Lead Temp. (Soldering, 10 seconds) 300·C Military -55 +125 ·C 
ESD to be determined Commercial 0 +70 ·C 
Note 1: Absolute maximum ratings are those values beyond which the de· Logical "0" Input Voltage 0 0.8 V 
vice may be permanently damaged. They do not mean that the device may Logical "1" Input Voltage 2.0 5.5 V 
be operated at these values. 
Note 2: These limits do not apply during programming. For the programming 
ratings, refer to the programming instructions. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM77S19SAlB DM87S19SAlB 

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 rnA 

VOL Low Level Output Voltage Vee = Min, 10L = 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 

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, Vo = 2.0V 
6.0 6.0 pF 

T A = 25·C, 1 MHz, Outputs Off 

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

All Outputs Open 

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 ,...A 
(TRI-STATE) Chip Disabled -50 -50 ,...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 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. 
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AC Electrical Characteristics with Standard Load and Operating Conditions 

COMMERCIAL TEMP RANGE (O·C to + 70·C) 

Symbol JEDEC Symbol Parameter 
DM87S195A DM87S195B 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 30 45 30 35 ns 

TEA TEVQV Enable Access Time 15 25 15 25 ns 

TER TEXQX Enable Recovery Time 15 25 15 25 ns 

TZX TEVQX Output Enable Time 15 25 15 25 ns 

TXZ TEXQZ Output Disable Time 15 25 15 25 ns 

MILITARY TEMP RANGE (-55·C to + 125·C) 

Symbol JEDEC Symbol Parameter 
DM77S195A DM77S195B 

Units 
Min Typ Max Min Typ Max 

TAA TAVQV Address Access Time 30 60 30 50 ns 

TEA TEVQV Enable Access Time 15 30 15 30 ns 

TER TEXQX Enable Recovery Time 15 30 15 30 ns 

TZX TEVQX Output Enable Time 15 30 15 30 ns 

TXZ TEXQZ Output Disable Time 15 30 15 30 ns 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 
The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As- circuit is liberally designed to insure adequate power density 
surance Department. These evaluations employ accelerat- for blowing the fuse links. The complete circuit design is 
ed life tests, including dynamic high-temperature operating optimized to provide high performance over the entire oper-
life, temperature-humidty life, temperature cycling, and ther-

ating ranges of Vee and temperature. 
mal 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 configura-
tions is excellent. 
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~National 
D Semiconductor 
93Z451 1024 x a-Bit 
Programmable Read Only Memory 
General Description • Commercial address access time-40 ns Max 

The 93Z451 is a fully decoded 8,192-bit Programmable 
Read Only Memory (PROM), organized 1024 words by eight 
bits per word. The 93Z451 is manufactured using highly reli
able ISO-Z vertical fuse technology. 

• Highly reliable vertical fuses ensure high programming 
yields 

• Power up TRI-STATE® (93Z451) outputs 
• Low current PNP inputs 
• Complete AC/DC testability 

Features 
• Available in 300 mil and 600 mil CERDIP, plastic DIP, 

LCC and flatpak 

Connection Diagrams 
Dual-In-Llne Package 

A6 

1.5 

1.4 

1.3 

Top View 

Vcr; 

1.8 

1.9 

CSI 
CS2 

TL/D/9667-2 

Order Number 93Z451AD, D, 
93Z451AP,P,93Z451ASD,SD 

See NS Package Number 
J24F*, J24A* or N24A* 

Ceramic Flatpak 

TL/D/9667 -3 

Top View 

Order Number 93Z451AF, F 
See NS Package Number W24C* 

"For most current package information, contact product marketing. 

Logic Symbol 

1 

23 

22 

CS 1 CS2 CS3 CS4 
21 20 19 18 

00 01 02 03 04 05 06 07 

9 10 11 13 14 15 16 17 
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CSI 
CS2 
CS3 
CS4 

00 
07 
06 

TL/D/9667 -4 

Top View 

Order Number 93Z451AL, L 
See NS Package Number E28A * 
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Absolute Maximum Ratings Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
contact the National Semiconductor Sales Office/ 

Ambient Operating Temperature O·Cto +70·C 
Distributors for availability and specifications. 

Input Voltage -1.5V to Vee 
Positive Supply Voltage 5.0V ±5% 

Voltage Applied to Outputs 
(Output HIGH) -1.5Vto +5.5V 

Storage Temperature - 65·C to + 150·C 

Lead Temperature 
(Soldering, 10 seconds) +300·C 

Ambient Storage Temperature - 65·C to + 150·C 

Maximum Junction Temperature (TJ) +175·C 

DC Electrical Characteristics 

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 1) 

IlL Input LOW Current Vee = Max, VIL = 0.45V -10 -100 p.A 

IIH Input HIGH Current Vee = Max, VIH = 2.4V to Vee -40 40 p.A 

10HZ Output Leakage Current for VOH = 2.4V 40 p.A 

10LZ High Impedance State VOL = O.4V -40 p.A 

los Output Short·Circuit Current Vee = Max, Va = OV, (Note 2) 
-20 -45 -90 mA 

Address Any "1" 

lee Power Supply Current Vee = Max, Inputs Grounded, Outputs Open 110 135 ma 

VIL Input LOW Voltage Guaranteed Input LOW Voltage for All Inputs 0.8 V 

VIH Input HIGH Voltage Guaranteed Input HIGH Voltage for All Inputs 2.0 V 

Vie Input Clamp Diode Voltage Vee = Min. liN = -18 mA -1.2 V 

VOL Output LOW Voltage Vee = Min, 10L = 16 mA 0.30 0.45 V 

VOH Output HIGH Voltage Vee = Min, 10H = -2.0 mA 
2.4 V 

Address Any "1" 

AC Electrical Characteristics Vee = 5.0V ± 5%, GND = OV, T e = O·C to + 70·C 

Symbol Parameter Conditions 'A' Std Units 

tAA Address to Output Access Time See AC Output Load 35 40 ns 

tAes Chip Select to Output Access Time See AC Output Load 25 30 ns 

Note 1: Typical values are at Vee = 5.0V, Te = -25"C. 

Note 2: Not more than one output to be shorted at a time. Duration of the short circuit should not exceed one second. 
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Block Diagram 

A9 
A8 
A7 
AS 
AS 
A. 
A3 

A2 _____ --I 

Al _____ --1 

AO _____ --1 

CSl----clL 
CS2 ---a 
CS3 ----I 
CS. ----I 

00 01 02 

AO-A9 

CS1, CS2 

CS3,CS4 

00-07 

03 

8192-81T CELL 
128 x S. 

t.lEt.lORY t.lATRIX 

Pin Names 

Address Inputs 

Chip Select Inputs (Active LOW) 

Chip Select Inputs (Active HIGH) 

Data Outputs 

4·85 

05 OS 07 

TL/D/9667-1 

• 



Functional Description 
The 93Z451 is a TIL bipolar field Programmable Read Only 
Memory (PROM) organized 1024 words by eight bits per 
word. The 93Z451 has TRI-STATE outputs which provide 
active pull ups when enabled and high output impedance 
when disabled. This allows optimization of word expansion 
in bus organized systems. 

Four Chip Select inputs are provided for logic flexibility and 
for memory array expansion of up to 128K without the need 
for external decoding. The fast Chip Select access time per
mits direct address decoding without increasing overall 
memory access times. Both devices are enabled only when 
~1 and CS2 are LOW and CS3 and CS4 are HIGH. 

The devices contain an internal test row and test column 
which are accessed and programmed during both wafer sort 
and final test. These test fuses are used to assure high 
programmability and to guarantee AC performance and DC 
parameters. 

The 93Z451 uses open base vertical transistor Ounction) 
fuse cells. Initially an unprogrammed cell is in the logic "0" 
state. Cells can be programmed to a logic "1" state by fol
lowing the specified programming procedure which fuses 
aluminum through the emitter base junction of the cell tran
sistor. 

The read function is identical to that of a conventional Read 
Only Memory (ROM). A binary address is applied to the ad
dress pins AO through A9 and the chip is selected. Data is 
then available at the outputs after tAA. 

Programming 
The 93Z451 is manufactured with all bits in the logic "0" 
state. Any desired bit (output) can be programmed to a logic 
"1" state by following the procedure shown below. One may 
build a programmer to satisfy the specifications or buy any 
of the commercially available programmers which meet 
these specifications. 
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Programming Sequence 
The 93Z451 is programmed using the following method: 

1. Address the word to be programmed by applying the 
appropriate voltages to address pins AO through A9. Se
lect the PROM by applying a LOW to CS1 and CS2 and 
a HIGH to CS3 and CS4. 

2. Apply the proper power for a High Vee read. Vee = 
6.5V, GND = OV. 

3. Read the output to be programmed and verify it is in the 
unprogrammed logic "0" state. 

4. Enable the chip for programming by application of the 
Chip Select Programming Voltage (Vesp = 20.0V) to 
CS2. CS1 should remain LOW and CS3 and CS4 HIGH. 

5. a. To program the bit apply lop, the programming cur
rent ramp to the output. 
Note: Only one output may be programmed at a time. The other 

outputs must be left open. 

b. During the rise of the current ramp, a drop in voltage 
(Vps) at the output may be sensed. This indicates that 
the current needed to program the junction has been 
reached and the bit has programmed. 

c. Upon detection of the voltage drop (Vps), the current 
ramp should be held at a constant current for a time 
(thAP) and then shut off. 

6. Once the current ramp has been shut off, lower Vesp to 
OV and read the output. 

7. Lower Vee to OV. The power supply duty cycle must be 
less than or equal to 50%. 

8. If the read performed in step 6 indicates that the bit has 
not programmed then go to step 1 and repeat the pro
gramming sequence (up to a maximum of 16 attempts 
total). 

9. If the read performed in step 6 indicates that the bit has 
programmed then one of the two following conditions 
exist: 

a. If the required programming current was less than 
IOP(max) then go to step 10. 

b. If the required programming current was equal to 
IOP(max) then the device is considered a failure and 
no future attempts at programming should be made. 

10. Repeat the above procedure from step 1 until all the 
desired bits in the memory have been programmed. 
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Programming Specifications (Note 4) 

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

POWER SUPPLY 

Vee Power Supply Voltage Typical Icc at 6.5V = 250 mA 6.4 6.5 6.6 V 

trvee Power Supply Rise Time (Note 3) 0.2 2.0 ,...s 

tfvee Power Supply Fall Time 0.2 2.0 ,...5 

tON Vee On Time See Programming Timing Diagram (Note 1) 

tOFF Vee Off Time See Programming Timing Diagram (Note 2) 

Duty Cycle for Vee tON/(tOFF + tON) 50 % 

READ STROBE 

tdRBP Read Delay before Programming Initial Check 3.0 ,...5 

tw Fuse Read Time 1.0 ,...5 

tdvee Delay to Vee Off 1.0 ,...5 

tdRAP Delay to Read after Programming . Verify 3.0 ,...5 

CHIP SELECT 

Vesp Chip Select Programming Voltage 20.0 20.0 22.0 V 

lesp Chip Select Program Current Limit 175 180 185 mA 

VIL Input Voltage LOW 0 0 0.4 V 

VIH Input Voltage HIGH 2.4 5.0 5.0 V 

tdes Delay to Chip Deselect 1.0 ,...5 

tres Chip Select Pulse Rise Time 3.0 4.0 ,...S 

tdAP Delay to Chip Select Time 0.2 1.0 ,...s 

tfes Chip Select Pulse Fall Time 0.1 0.1 1.0 ,...5 

CURRENT RAMP 

IOPLP Programming Current Linear Point Point after Which the Programming Current 
10 20 mA 

Ramp Must Rise at a Linear Slew Rate 

IOP(max) Output Programming Current Limit Apply Current Ramp to Selected Output 155 160 165 mA 

VOP(max) Output Programming Voltage Limit 24 25 26 V 

SRIOP Current Slew Rate Constant after Linear Point 0.9 1.0 1.1 mAl,...s 

Vps Blow Sense Voltage 0.7 V 

tdBP Delay to Programming Ramp Vesp Must Be at Minimum 2.0 3.0 

tLP Time to Reach Linear Point 0.2 1.0 10 ,...s 

tss Program Sense Inhibit 2.0 3.0 10 ,...s 

ttP Time to Program Fuse 3.0 150 ,...s 

thAP Programming Ramp Hold Time After Fuse Programs 1.4 1.5 1.6 ,...s 

tfiOP Program Ramp Fall Time 0.1 0.2 ,...S 
Note 1: Total time Vee is on to program fuse is equal to or greater than the sum of all the specified delays, pulse widths and rise/fall times. 
Note 2: toFF is equal to or greater than toN. 

Note 3: Rise and fall times are from 10% to 90%. 

N.ote 4: Recommended programming temp. T A = 25'C ± 10'C 
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Timing Diagrams 

Programming Timing Diagram 

ton-----J· I ..• 
~r--------------------~ , 

READ 
STROBE 

lOp (max) 
CURRENT APPLIED 
TO OUTPUT TO BE 

PROGRAt.lt.lED 
IOPLP 
o mA 

VOP(max) 

~'~~:t:d:~~::::.:.:.:.-to-r-r::::::::::j 
tw n 

~~-----------~~~---------------------
______ ~~dW 

~-t~-'----------------

,-
,~ 

TYPICAL VOLTAGE -n. Vps 

AT OUTPUT BEING Linear J ~ 
PROGRAt.lt.lED Point ~ 

OV~----Jl---~ -th-~~~-----------------------------

AC Waveforms 

,------ 3.0V 

ADDRESS 

'------- OV 

OUTPUT 

TL/D/9667-B 
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Timing Diagrams (Continued) 

CHIP SELECT 

CS3,CS4 

OUTPUT 

Test Conditions 

Input pulse: OV to 3.0V. 

Input pulse rise and fall times: 5 ns between 1V and 2V. 

Measurements made at 1.5V level. 

AC Waveforms (Continued) 

,..------- 3.0V 

'--------- OV 

TLlD/9667-9 

S.OV 

TL/D/9667-10 

"Includes jig and probe capacitance. 

FIGURE 1. AC Test Output Load 
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~National 
D Semiconductor 
93Z511 
2048 x 8-Bit Programmable Read Only Memory 
General Description Features 
The 93Z511 is a fully decoded 16,384·bit Programmable 
Read Only Memory (PROM), organized 2048 words by eight 
bits per word. 

• Available in 300 mil and 600 mil cerdip, plastic DIP, 
LCC and flatpak 

• Commercial address access time-45 ns max 
The 93Z511 is manufactured using highly reliable 150·Z ver· 
tical fuse technology. 

• Military address access time-55 ns max 
• Highly reliable vertical fuses ensure high programming 

Connection Diagrams 
Dual-In-Llne Package 

TL/D/9668-2 

Top View 

Order Number 93Z511D, 
93Z511P or 93Z511SD 

See NS Package Number 
J24F· or N24A· 

yields 
• Power up TRI·5TATE~ (93Z511) outputs 
• Low Current PNP inputs 
• Complete ACIDC testability 

Flatpak 

TL/D/9668-3 

Top View 

Order Number 93Z511F 
See NS Package Number W24C· 

Leadle88 Chip Carrier 

~~!:c!i!~!i~ 

A4 

NC 
00 

AIO 
CSI 
CS2 
CS3 
NC 
07 
08 

TL/D/9668-4 

Order Number 93Z511L 
See NS Package Number E28A· 

'For most current package information, contact product marketing. 

Logic Symbol 

vee = Pin 24 
GND = Pin 12 

23 

22 

21 

CSI CS2 CS3 
20 19 18 

93Z510/m511 

00 01 02 03 04 05 OS 07 

9 10 11 13 14 15 IS 17 TL/D/9668-5 
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~ r---------------~----------------------------------------------------------------------~ 
~ 

~ Block Diagram 
C") 
CD 

AD 
A1 
A2 
A3 
A4 
AS 
A6 

A7------I 
AB-------i 
A9-------1 
A10------I 

CS1----<~_ 

16.384-BIT CELL 
128x 128 

MEMORY MATRIX 

~2----~ ~~+_--~+_----~+_----~+_----~+_----~+_----~+_----~ 
~3---...... ~ 

00 01 

Ao-A10 

CS1 

CS2,CSa 

00-0 7 

02 03 04 

Pin Names 

Address Inputs 

Chip Select Input (Active LOW) 

Chip Select Inputs (Active HIGH) 

Data Outputs 
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Functional Description 
The 93Z511 is a TIL bipolar field Programmable Read Only 
Memory (PROM) organized 204B words by eight bits per 
word. The 93Z511 has TRI-STATE outputs which provide 
active pull ups when enabled and high output impedance 
when disabled. This allows optimization of word expansion 
in bus organized systems. 

Three Chip Select inputs are provided for logic flexibility and 
for memory array expansion of up to 12Bk without the need 
for external decoding. The fast Chip Select access time per
mits direct address decoding without increasing overall 
memory access times. The device is enabled only when 
CS1 is LOW and CS2 and CS3 are HIGH. 

The device contains an internal test row and test column 
which are accessed and programmed during both wafer sort 
and final test. These test fuses are used to assure high 
programmability and to guarantee AC performance and DC 
parameters. 

The 93Z511 uses open based vertical transistor Gunction) 
fuse cells. Initially an unprogrammed cell is in the logic "0" 
state. Cells can be programmed to a logic "1" state by fol
lowing the specified programming procedure which fuses 
aluminum through the emitter base junction of the cell tran
sistor. 

The read junction is identical to that of a conventional Read 
Only Memory (ROM). A binary address is applied to the ad
dress pins Ao through A10 and the chip is selected. Data is 
then available at the outputs after tAA' 

PROGRAMMING 

The 93Z511 is manufactured with all bits in the logic "0" 
state. Any desired bit (output) can be programmed to a logic 

--,'estate by following the procedure shown below. One may 
build a programmer to satisfy the specifications or buy any 
of the commercially available programmers which meet 
these specifications. 

4-93 

PROGRAMMING SEQUENCE 

The 93Z511 is programmed using the following method. 

1. Apply the proper power, Vee = 6.5V, GND = OV. 

2. Select the word to be programmed by applying the appro
priate voltages to the Address pins Ao through Ag. Verify 
that the bit to be programmed is in the "0" logic state. 

3. Enable the chip for programming by application of the 
Chip Select Voltage, Vp(CS) = 20V, to CS1 (pin 20). CS2 
and CS3 should be left HIGH. 

4. Apply lop programming current ramp pulse for up to 
140 ,....s to the output to be programmed. The other out
puts must be left open. Only one output may be pro
grammed at a time. 

5. To verify the logic "1" in the bit just programmed after the 
programming current ramp pulse from the output has shut 
off, lower Vp(CS) to OV and sense the output. 

6. If the bit is verified at Vee = 6.5V as not having been 
programmed, then repeat the programming pulse se
quence up to 15 times until the bit is programmed. If the 
bit does not program after 16 programming attempts, 
then the part fails. 

7. If the bit is verified at Vee = 6.5V as having been pro
grammed, then one of two conditions exists: 

a. if the current pulse required was less than tOP(MAX), 
then go to the next bit; 

b. if the current pulse required was equal to tOP(MAX), 
then the part fails. 

B. The above procedure is then repeated to program other 
bits on the chip. 

CD 
w 
N 
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DC Performance Characteristics: over guaranteed operating ranges unless otherwise noted 

Symbol Characteristic Conditions Min 
Typ 

Max Units 
(Note 1) 

VIL Input LOW Voltage Guaranteed Input LOW Voltage for All Inputs 0.8 V 

VIH Input HIGH Voltage Guaranteed Input LOW Voltage for All Inputs 2.0 V 

Vie Input Clamp Diode Voltage Vee = Min, liN = - 18 mA -1.2 V 

VOL Output LOW Voltage Vee = Min, 10L = 16 mA 0.30 0.45 V 

VOH Output HIGH Voltage Vee = Min, 10H = -2.0 mA 
2.4 V 

Address Any "1" 

IlL Input LOW Current Vee = Max, VIL = 0.45V -10 -100 ,...A 

IIH Input HIGH Current Vee = Max, VIH = 2.4V to Vee -40 40 ,...A 

10HZ Output Leakage Current for VOH = 2.4V 40 
,...A 

10LZ High Impedance State VOL = O.4V -40 

los Output Short-Circuit Current Vee = Max, Vo = OV, (Note 2) 
-15 -35 -90 mA 

Address Any "1" 

lee Power Supply Current Vee = Max, All Inputs GND 
120 175 mA 

All Outputs Open 

Commercial 

AC Characteristics Vee = 5.0V ± 5%, GND = OV, T e = O°C to + 70°C 

Symbol Characteristic Conditions Max Units 

tAA Address to Output Access Time See AC Output Load 45 ns 

tAes Chip Select to Output Access Time See AC Output Load 30 ns 

Military 

AC Characteristics Vee = 5.0V ± 10%, GND = OV, T e = - 55°C to + 125°C 

Symbol Characteristic Conditions Max Units 

tAA Address to Output Access Time See AC Test Output Load 55 ns 

tAes Chip Select to Output Access Time See AC Test Output Load 35 ns 

Note 1: Typical values are at Vee = 5.0V, Te = + 25'C. 

Note 2: Not more than one output to be shorted at a time. Duration of the short circuit should not exceed one second. 
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Timing Diagrams 
ProgrammIng TImIng DIagram 

1-----ton-----.lO , 

Vee +r----------..... --. 
POWER " 
SUPPLY OV I\_ ... ', __________ ...J 

trlc~~t-t-dv-cc----torr-----+lo I 
READ 

STROBE 

lOp (max) 
CURRENT APPLIED 
TO OUTPUT TO BE 

PROGRAMMED 
IOPLP 
o rnA 

tw ~1 
~~------------~~~~----------------------

------------~-::~~ 

*~ ,4 , , 
~ tfiOP , , , 

VOP(max) ," 1 
'~ 

TYPICAL VOLTAGE -----r-r Vps 

ATp~=~~~NG ov+--L-~~-~n-a{JL~Jt-thA-' ... :-_-_-___ -_____________ _ 
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Timing Diagrams (Continued) 

Test Conditions 

Input Pulse OV to 3.0V 

ADDRESS 

OUTPUTS 

CSl 

CHIP SELECT 

CS2.CS3 

OUTPUT 

AC Waveforms 

2a Propagation Delay from Address Inputs 

_------ 3.0V 

"------- OV 

2b Propagation Delay from Chip Select 

,..-------- 3.0V 

- ------------------ -1.5V 

'-------- OV 

AC Test Output Load 

5.0V 

"Includes jig and probe capacitance. 

Tl/D/9668-9 

Input Pulse Rise and Fall Times 5 ns Between 1V and 2V 

Measurements made at 1.5V Level 
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Programming Flow Chart 

YES 

NO 
STOP 

TLlD/966B-l0 
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Programming Specifications (Notes 1, 2, 3 and 4) 

Symbol Parameter Min Typ Max Units Comments 

POWER SUPPLY 

Vee Power Supply Voltage 6.4 6.5 6.6 V Typical Icc at 6.5V = 250 rnA 

trVee Power Supply Rise Time (Note 3) 0.2 2.0 ,..,s 

Wee Power Supply Fall Time 0.2 2.0 ,..,s 

tON Vee On Time (Note 1) See Programming 

tOFF Vee Off Time (Note 2) Timing Diagram 

Duty Cycle for Vee 50 % tON/(tOFF + tON) 

READ STROBE 

tdRBP Read Delay before Programming 3.0 ,..,s Initial Check 

tw Fuse Read Time 1.0 ,..,s 

tdVee Delay to Vee Off 1.0 ,..,s 

tdRAP Delay to Read after Programming 3.0 ,..,s Verify 

CHIP SELECT 

Vesp Chip Select Programming Voltage 20.0 20.0 20.0 V 

Icsp Chip Select Program Current Limit 175 180 185 rnA 

VIL Input Voltage LOW 0 0 0.4 V 

VIH Input Voltage HIGH 2.4 5.0 5.0 V 

tdCS Delay to Chip Deselect 1.0 ,..,s 

tres Chip Select Pulse Rise Time 3.0 4.0 ,..,s 

tdAP Delay to Chip Select Time 0.2 1.0 ,..,s 

tiCS Chip Select Pulse Fall Time 0.1 0.1 1.0 ,..,s 

CURRENT RAMP 

IOPLP Programming Current Linear Point Point after which the 
10 20 rnA programming current ramp 

must rise at a linear slew rate 

IOP(MAX) Output Programming Current Limit 155 160 165 rnA Apply current ramp to selected output 

VOP(MAX) Output Programming Voltage Limit 24 25 26 V 

SRIOP Current Slew Rate 0.9 1.0 1.1 mAl,..,s Constant after Linear Point 

Vps Blow Sense Voltage 0.7 V 

tdBP Delay to Programming Ramp 2.0 3.0 ,..,s Vesp must be at minimum 

tLP Time to Reach Linear Point 0.2 1.0 10 ,..,s 

tss Program Sense Inhibit 2.0 3.0 10 ,..,s 

ttp Time to Program Fuse 3.0 150 ,..,s 

thAP Programming Ramp Hold Time 1.4 1.5 1.6 ,..,s After fuse programs 

tllOP Program Ramp Fall Time 0.1 0.2 ,..,s 
Note 1: Total time Vee is on to program fuse is equal to or greater than the sum of all the specified delays, pulse widths and riselfall times. 
Note 2: tOFF is equal to or greater than toN, 

Note 3: Rise and fall times are from 10% to 90%. 

Note 4: Recommended programming temp. T A = 2S'C ± 10'C. 

4-98 



~National 
D Semiconductor 
93Z665/93Z667 
8192 x 8-Bit Programmable Read Only Memory 
General Description 

13 Commercial address access time 
- 35 ns, 40 ns and 45 ns max 

• Military address access time 
- 45 ns, 50 ns and 55 ns max 

The 932665/932667 are fully decoded 65,536-bit Program
mable Read Only Memories (PROMs) organized 8192 
words by eight bits per word. The 932665 and 932667 are 
manufactured using highly reliable ISO-2 vertical fuse tech
nology. II Highly reliable vertical fuses ensure high programming 

Features 
• 932667 available in 300-mil side-braze DIP 

yields 
a Power-up TRI-STATE® outputs 
II Low current PNP inputs 

• 932665 available in 600-mil side-braze DIP, lead less 
chip carrier, and Flatpak 

a Complete AC/DC testability 

Connection Diagrams 
Dual-In-Llne Package 

A7 1 24 Vee 
A6 A8 

A5 A9 

A4 

A3 
93Z665/ 

Cs 
A2 93Z667 

Al 

01 10 

02 11 04 

GND 12 03 

TL/D/9669-2 

Top View 

Order Number 93Z665D or 93Z667D 
See NS Package Number D24W 

Flatpak 

A7 1 Vee 
A6 AS 

As Ag 

93Z665/ 19 Al1 
93Z667 An 

07 
16 06 
15 Os 

11 14 O. 

12 13 03 

TLID/9669-10 

Top View 

Order Number 93Z665F 
See NS Package Number W24C· 

Leadless Chip Carrier 

Top View 

Al0 
Cs 
All 
A12 
NC 
07 
06-

TLID/9669-3 

Order Number 93Z665L 
See NS Package Number V28A· 

"For most current package information, contact product marketing 

Logic Symbol 
20 

Cs 

AO 

Al 

A2 

A3 

A4 

AS 93Z665/93Z667 

A6 

1 A7 

23 AS 

22 A9 

21 Al0 

19 All 

18 A12 

00 01 02 03 04 05 06 07 
Vcc = Pin 24 
GND = Pin 12 

9 10 11 13 14 15 16 17 

Pin Names 

AO-A12 Address Inputs 

CS Chip Select Input (Active LOW) 

00-07 Data Outputs 

AC Test Output Load 

30011 

PROt.! 
OUTPUT Ox 

60M 

TLID/9669-5 
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5V 

X 51 

Open: TAl-STATE 
VOH Transition 

Closed: All Other 

t-........ -o() TE5T POINT 

50 pr" "Includes jig and 
probe capacitance 

TL/D/9669-6 
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Absolute Maximum Ratings Above which the useful life may be impaired 

If Military/Aerospace specified devices are required, Note 1: Either Input Voltage limit or Input Current limit is sufficient to protect 

contact the National Semiconductor Sales Office/ the inputs. 

Distributors for availability and specifications. Note 2: These values may be exceeded as required during PROM program-

Storage Temperature - 65·C to + 150·C 
mingo 
Note 3: Output Current limit required. 

Supply Voltage Range -0.5V to + 7.0V 

Input Voltage (DC) (Notes 1 & 2) -1.5V to Vee Operating Conditions 
Voltage Applied to Outputs Ambient Operating Temperature 

(Output HIGH) (Notes 2 & 3) -1.5Vto +5.5V Commercial O·Cto +70·C 

Lead Temp. (Soldering, 10 seconds) 300·C Military - 55·C to + 125·C 

Maximum Junction Temperature (TJ) + 175·C Positive Supply Voltage 

Output Current per Output -100 mA for VOH and Commercial 5.0V ±5% 

(10 seconds Max) + 100 mA for VOL Military 5.0V ±10% 

Output Current High Impedance +20 mA (Max) Maximum Low-Level 
Input Voltage (VIU 0.8V 

Input Current (DC) -18 mA to +5.0 mA 
Minimum High-Level 

Input Voltage (VIH) 2.0V 

DC Performance Characteristics: over guaranteed operating ranges unless otherwise noted 

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 1) 

VIL Input LOW Voltage Guaranteed Input LOW Voltage 
0.8 V 

for All Inputs 

VIH Input HIGH Voltage Guaranteed Input HIGH Voltage 
2.0 V 

for All Inputs 

Vie Input Clamp Diode Voltage Vee = Min,IIN = -18 mA -1.2 V 

VOL Output LOW Voltage Vee = Min,lOL = 16 mA 0.30 0.45 V 

VOH Output HIGH Voltage Vee = Min,loH = -2.0 mA 
2.4 V 

Address Any "1" 

IlL Input LOW Current Vee = Max, VIL = 0.45V -10 -100 fJ-A 

IIH Input HIGH Current Vee = Max, VIH = 2.4V to Vee -40 40 fJ-A 

10HZ Output Leakage Current for VOH = 2.4V 40 fJ-A 
10LZ HIGH Impedance State VOL = O.4V -40 fJ-A 

los Output Short-Circuit Vee = Max, Va = OV (Note 2) 
-15 -80 -100 mA 

Current Address Any "1" 

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

All Outputs Open 

CIN Input Pin Capacitance Vee = 5.0V, VIN = 4.0V, 7.0 
15.0 pF 

f = 1.0 MHz (Note 3) 

Co Output Pin Capacitance Vee = 5.0V, Va = 4.0V, 10.0 
15.0 pF 

f = 1.0MHz (Note 3) 

AC Performance Characteristics 
Symbol I Parameter I Conditions I -35 I -40 I -45 I Units 

COMMERCIAL Vee = 5.0V ± 5%, GND = OV, T e = O·C to + 75·C 

tAA Address to Output Access Time See AC Output Load and Note 5 35 40 45 ns 

tAes Chip Select to Output Access Time See AC Output Load and Note 5 20 20 30 ns 

tHZ Chip Deselect to Output TRI-STATE See AC Output Load and Note 4 20 20 30 ns 
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AC Performance Characteristics (Continued) 

Symbol I Parameter I Conditions I -40 I -45 I -50 I Units 

MILITARY Vee = 5.0V ±10%,GND = OV,Te = -55·Cto + 125·C 

tAA Address to Output Access Time See AC Output Load and Note 5 45 50 55 n9 

tAes Chip Select to Output Access Time See AC Output Load and Note 5 25 25 30 n9 

tHZ Chip Deselect to Output TRI-ST ATE See AC Output Load and Note 4 25 25 30 n9 
Note 1: Typical values are at Vee = 5.0V, +25'C and maximum loading. 
Note 2: Not more than one output to be shorted at a time. Duration of the short circuit should not exceed one second. 
Note 3: This parameter value is based on initial design qualification and is also verified on every design change. These are not tested in production. 
Note 4: tHZ is tested with load shown in Figure 2. Transition to High·Z is measured at steady state high VOH level -500 mVor steady state low VOL level +500 mV 
on the outputs from the point at which chip select crosses the 1.5V level towards its VIH level. 
Note 5: AC Address Access and Chip Select Access is done under the following test conditions. Input pulse levels are from OV to 3V and input/output timing 
reference levels at 1.5V. 

Current-Pulse Programming Specifications (Note 4) 

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

POWER SUPPLY 

Vee Power Supply Voltage Typical Icc at 6.5V = 250 rnA 6.4 6.5 6.6 V 

trvee Power Supply Rise Time (Note 3) 0.2 2.0 ,.,.9 

tlvee Power Supply Fall Time 0.2 2.0 ,.,.9 

tON Vee ON Time See Programming (Note 1) 

tOFF VeeOFFTime Timing Diagram (Note 2) 

Duty Cycle for Vee tON/(tOFF + tON) 50 0/0 

READ STROBE (Note 5) 

tw Fuse Read Time Machine Cycle 1.0 ,.,.9 

tdRAP Delay to Read after Programming Verify 3.0 ,.,.9 

tes Chip Enable 0.1 1.0 ,.,.9 

OUTPUT DESELECT 

Vas Output Deselect Voltage 11.8 12 12.5 V 

los Output Deselect Current Limit 20 50 100 mA 

Ovs Output Voltage Select TILHorL 5.0 5.5 V 

trod Output Deselect Rise Time 1.0 1.0 2.0 ,.,.9 

tlod Output Deselect Fall Time 0.1 0.1 1.0 ,.,.9 

tesDD Deselect Chip to Deselect Output 0.1 1.0 ,.,.9 

PROGRAMMING CURRENT-PULSE TRAIN ON CHIP SELECT 

leSp(Min) Initial Current Pulse 40 60 mA 

ICSp(Max) CS Programming Current Limit Apply Current Pulse to 155 160 165 mA Chip Select Pin 20 

VeSp(Max) CS Programming Voltage Limit 24 25 26 V 

trcsp Programming Pulse Rise Time 160 100 100 mAl,.,.9 

tdBP Delay to Initial Programming Pulse 2.0 3.0 ,.,.s 

tdAP Delay after Programming Pulse 1.0 1.0 ,.,.9 

tpw Programming Pulse Widths 6.0 7.0 9.0 ,.,.s 

tfesp Programming Pulse Fall Time (Note 3) 0.1 0.1 0.2 ,.,.s 

~Iesp Current Pulse Step Increase 5.0 10.0 10.0 mA 

Duty Cycle for Programming Each Successive Pulse is 10 50 50 % 
Pulses Increased by ~ICSp 

Note 1: Total time Vee is on to program fuse is equal to or greater than the sum of all the specified delays, pulse widths and riselfall times. 
Note 2: tOFF is equal to or greater than toN' 

Note 3: Rise and fall times are from 10% to 90%. 
Note 4: Recommended programming temp. T e = + 25'C ± 10'C. 
Note 5: Proceed to next address after read strobe indicates programmed cell. 
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Block Diagram 

A<4 
A5 
A6 
A7 
A8 
A9 

AID 
All_-"., __ ..I 

AD _____ -I 
Al _____ --I 

!~------I 
A12 _____ --1 

Note: Programmed = Low 

00 

Unprogrammed = High on the Outputs 

Functional Description 

01 02 

The 93Z665 and 93Z667 are TTL bipolar field Programma
ble Read Only Memories (PROMs) organized 8192 words 
by eight bits per word. The 93Z665 and 93Z667 have TRI
STATE outputs which provide active pull-ups and pull
downs when enabled and high output impedence when dis
abled. This allows optimization of word expansion in bus 
organized systems. 

Chip Select is provided for memory expansion without the 
need for additional decoding. The fast Chip Select access 
time permits direct address decoding without increasing 
overall memory access times. The device is enabled only 
when CS is LOW. During system power up, outputs remain 
in the high impedance state until DC power supply condi
tions are met, thereafter changing state according to the 
condition of CS. 

The devices contain internal test rows and test columns 
which are accessed and programmed during both wafer sort 
and final test. These test fuses are used to assure high 
programmability and to guarantee AC performance and DC 
parameters. PROM programmability is verified through test 
row and test column. PROM input levels on unprogrammed 
devices are also verified through testing of test row and test 
column. 

The 93Z665 and 93Z667 use open base vertical Ounction) 
fuse cells. Initially the unprogrammed cell is in the logic "1" 
state. A cell can be programmed to the logic "0" state by 
following the specified programming procedure which de
fuses aluminum through the emitter base junction of the cell 
tranSistor, thereby forming a low impedance path. 

The read function is identical to that of a conventional Read 
Only Memory (ROM). A binary address is applied to the ad
dress pins AO through A 12 and the chip is selected. Data is 
then available at the outputs after tAA. 

Programming 
The 93Z665 and 93Z667 are manufactured with all bits in 
the logic "1" state. Any desired bit (output) can be 
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TL/D/9669-1 

programmed to a logic "0" state by following the procedure 
below. One may use any of the commercially available pro
grammers which have been approved by National Semicon
ductor. 

I. Blank Check-Initial Read. 

A. Chip Select is Enabled 

B. Vee is Raised to 5.5V 

C. TTL Levels are Applied to All Address Lines 

D. Verify All Outputs are TTL High on All Addresses 

E. Repeat C and D until All Addresses have been 
Checked 

II. Programming Mode 

A. TTL Levels are Applied to All Address Lines 

B. Vee is Raised to 6.5V 

C. Chip Select is Deselected 

D. All Outputs are Raised to 12V 

E. Selected Output is Lowered Below 5.5V 

F. Programming Current Pulse Train is Applied to the 
Chip Select Pin 

G. Consecutive Current Pulses are 7 Its-9 its Wide 
and Increase at 10 mA per Pulse 

H. A Read is Performed before and after Each Pulse 
(Vee = 6.5V) 

I. The Programming Current is Stepped Up until the 
Cell Programs 

III. Final Verify (2 Pass) 

A. Vee is Lowered to 4.5V 

B. Chip Select is Enabled 

C. TTL Levels are Applied to All Address Lines 

D. Verify Pattern on All Outputs, All Addresses 

E. Repeat C and D for All Addresses 

F. Vee Increases to 5.5V 

G. Repeat B, C, D and E 



Programming Flow Chart 

SELECT BIT 
(OUTPUT TO BE 
PROGRAt.lt.lED) 

VOp <5.5V 

APPLY ICSp 
PROGRAt.lt.lING 

CURRENT PULSE 
TO Csl' PIN 20 

VCC =6.5V 
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Timing Diagrams 
READ MODE TIMING 

ADDRESSES 
AO-At2 

Outputs 
00-07 

Propagation Delay from Address Valid to Output and CS Valid to Output 

r--------------------------------------------3v 
ADDRESSES VALID 

--------'I~----------------------------------------------OV 

r-----~------------------·3V 
~-------------------OV 

,..---------- VOH 
1.5V VALID DATA 

~-------- VOL 

PROGRAMMING TIMING DIAGRAM 

-----..,.,I'W'rI'Pl'----------------------------------------------- VIH 

Note: 

ADDRESS 

Vee 

SELECTED 
OUTPUT 

DESELECTED 
OUTPUTS 

cs 

READ 
STROBE 

UNPROGRAMMED 

PROGRAMMED 

UNPROGRAMMED 

PROGRAMMED 

~l 

Typical Output Characteristics using a 1 kO pun-up Resistor to 5V. 12V. TTL-H, and TTL-L Force Voltages. 
T.S.ls TRI-STATE. 
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VOH 

VOL 

VOH 

VOL 

m-H 

mel 
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r---------------------------------------------------------------------------------------, U) 

Ordering Information 

93Z665 

~:g~'nM 93Z6j' JjJ~~ 
Temperature Range 
Optional Processing 

Speed ------------' 

Packages 

D = Side-Braze DIP 

L = Leadless Chip Carrier 

F = Flatpak 

Temperature Ranges 

Com. = O°C to + 75°C 

Mil. = - 55°C to + 125°C 

TL/D/9669-4 

Speed 

Com = 35 ns Mil. = 45 ns 

= 40 ns = 50 ns 

= 45 ns = 55 ns 

Optional Processing 

OB = Mil STD 883 

Method 5004 & 5005 

Level B 

w 
N 
0) 
0) 
en ...... 
U) 
w 
N 
0) 
0) ..... 

- - ----------------------------------------------------------------- -------1-----
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~ ~National 
~ U Semiconductor 

PRELIMINARY 

z 

NMC27C49 Very High Speed Version 
65,536-Bit (8k x 8) UV Erasable CMOS PROM 
Pin Compatible with 64k Bipolar PROMs 

General Description 
The NMC27C49 is a very high-speed 64k, UV erasable and 
electrically reprogram mabie CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C49 is designed to operate with a single + 5V 
power supply with ± 10% tolerance. 

The NMC27C49 is packaged in a 300 mil, 24-pin dual-in-line 
package with transparent lid. The transparent lid allows the 
user to expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written electrically into 
the device by following the programming procedure. 

This EPROM is fabricated with National's proprietary, 
time-proven CMOS double-poly silicon gate technology 
which combines high performance and high density with low 
power consumption and excellent reliability. A two transistor 
memory cell is used for speed enhancement. 

Block Diagram 

Vee 0---+ 
GND 0---+ 

AO-A12 
ADDRESS 

INPUTS 

DATA OUTPUTS 00-07 

OUTPUT 
BUFFERS 

Y GATING 

65.53&·BIT 
CELL MATRIX 

TLlD/9186-1 

Features 
• Clocked sense amps and a two transistor memory cell 

for fast acess time down to 35 ns 
• Low CMOS power consumption 

-Active power: 275 mW max 
• Performance compatible to current high speed micro-

processors 

• Single 5V power supply 
• Fast and reliable programming (100 ,...s for most bytes) 
• Static operation-no clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATEI!!> output 
• Pin compatible with 64k Bipolar PROMs 
• Manufacturer's identification code for automatic pro

gramming control 
• High current CMOS level output driver 

Pin Names 

AO-A12 Addresses 

OE Output Enable 

00-0 7 Outputs 

PGM Program 

4-106 



Connection Diagram 

27C53 27C51 Dual-In-Llne Package 27C51 

A9 A9 Vee 
A7- 1 24 ~vcc AS AS A10 

A7 A7 A6- 2 23 ~A8 
A11 

A6 A6 A5- 3 22 ~A9 
A12 

A5 A5 A4- 4 21 ~Al0 
A13 

A4 A4 A3- 5 20 -OC/Vpp 
OE1IVpp 

A3 A3 A2- 6 19 -All 
OE2IVFY 

A2 A2 Al- 7 18 -A12/PGt.! 
OE3 

A1 A1 AO- 8 17 ~07 OE4/PGM 
AO AO 00- 9 16 r-°s 07 

00 00 °1- 10 15 r-°s 06 

01 01 °2- 11 14 ~04 
05 

02 02 GND- 12 13 ~03 
04 

GND GND 03 TLlD/9186-2 

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C49 pins. 

Order Number NMC27C49Q 
See NS Package Number J24CQ 

Commercial Temp Range (O°C to + 70°C) Vee = 5V ± 10% 

Parameter/Order Number 

NMC27C49Q35 
NMC27C49Q45 
NMC27C49Q55 

4-107 

Access Time (ns) 

35 
45 
55 

z 
3: 
0 
I\) 
...... 
0 
~ 
CD 

27C53 

Vee 
A10 

A11 

A12 

A13 

A14 

OE1IVpp 

OE2/PGM 

OE3IVFY 

07 

06 

05 

04 

03 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, OElVpp Supply Voltage, A9 and A10 
contact the National Semiconductor Sales Office/ with Respect to Ground 
Distributors for availability and specifications. During Programming + 14.0V to -0.6V 

Temperature Under Bias -10·Cto +80·C Power Dissipation 1.0W 

Storage Temperature - 6S·C to + 1S0·C Lead Temperature (Soldering, 10 sec.) 300·C 

Vee Supply Voltage with ESD Rating (Mil Spec 883C, Method 3015.2) 2000V 
Respect to Ground +7.0Vto -0.6V 

All Input Voltages except Operating Conditions (Note 7) 
A9 and A10 with Temperature Range O·Cto +70·C 
Respect to Ground (Note 4) +6.5Vto -0.6V Vee Power Supply 5V ±10% 

All Output Voltages with 
Respect to Ground (Note 4) Vee+ 1.0V to GND-0.6V 

READ OPERATION 

DC Electricai Characteristics 
Symbol Parameter Conditions Min Typ (Note 2) . Max Units 

III Input Load Current VIN = Vee or GND 1.0 /-LA 

ILO Output Leakage Current VOUT = Vee or GND, OElVpp = VIH 1.0 /-LA 

Ipp Vpp Load Current Vpp = Vee 10 /-LA 

Ice1 Vee Current (Active) OE = VIL, f = 20 MHz 
30 70 mA 

(Note 1) TTL Inputs Inputs = VIH or VIL, 1/0 = 0 mA 

Ice2 Vee Current (Active) OE = GND, f = 20 MHz 
25 50 mA 

(Note 1) CMOS Inputs Inputs = Vee or GND, I/O = 0 mA 

VIL Input Low Voltage (Note 4) -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 16 mA 0.4 V 

VOH1 Output High Voltage IOH = - 2.5 mA (Note 8) 3.5 V 

VOL2 Output Low Voltage IOL = 10 /-LA 0.1 V 

VOH2 Output High Voltage IOH = -10 /-LA (Note 8) Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C49 

Symbol Parameter Conditions 035 045 055 
Units 

Min Max Min Max Min Max 

tAee Address to Output Delay OE = VIL 35 45 55 ns 

toE OE to Output Delay OE = VIL 20 25 25 ns 

tOF OE High to Output Float OE = VIH 
0 20 0 25 0 25 ns 

(Note 3) 

tOH Output Hold from Addresses, OE = VIL 
or OE = Enable, 0 0 0 ns 

Whichever Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 3) 

Symbol Parameter Conditions Typ Max Units 

Input Capacitance VIN = OV 6 12 pF 

COUT Output Capacitance VOUT = OV 9 12 pF 

AC Test Conditions 
Input Rise and Fall Times 
Input Pulse Levels 
Output Load (Note 6) 

~5ns 

O.OVto 3.0V 
R = 97.60 

CL = 30pF 
VREF = 2.01V 

Output~Vref=2.01V 

..L A.R~:?~6 .. A 

Timing Measurement Reference Level 
Inputs 
Outputs 

AC Waveforms (Notes 7 & 8) 

O.BVand 2V 
O.BVand 2V 

Iet =30pF' 

~ 

ADDRESSES 2.0V'\j ADDRESSES VALID K O.BV ~ (NOTE 1) -........ .....,rl'o ______________ .;if" "'-----

OE/Vpp 2.0V \. f1 tOF' 

O.BV 

- --+--tOE--
I (NOTES) 

2.0V HI-Z, /////// ~ HI-Z 
OUTPUT 

O.BV "-i~'\.~~~'\. 
VALID OUTPUT 

I-- tACC - - tOH I-

Output Loading 

TL/0/9186-3 

{ 

TL/D/9188-4 

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

Note 2: Typical values are for T A ~ + 2SoC and nominal supply voltages. 

Note 3: This parameter is only sampled and is not 1000/0 tested. 

Note 4: Inputs and outputs can undershoot to - 2.0V for 20 ns max. 

Note 5: The tOF compare level is determined as follows: 
High to TRI-STATE. the measured VOHI (DC) - O.tOV; 
Low to TRI-STATE. the measured VOLI (DC) + O.tOV. 

Note 6: CL: 30 pF includes fixture capacitancll. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 "F ceramic capaCitor be used on 
every device between Vee and GND. 

Note 8: The outputs must be restricted to Vce + t.OV to avoid latch-up and device damage. 
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Programming Characteristics 
TA = + 25·C, Vee = 6.25V ±0.25V, Vpp = 12.75V ±0.25V (Notes 1-4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 1 ILs 

toES OE Setup Time 1 ILs 

tos Data Setup Time 1 ILs 

tvps Vpp Setup Time 1 ILs 

tves Vee Setup Time 1 ILs 

tLS A11 Setup Time for Latching 50 ns 

tLH A11 Hold Time for Latching 1 ILs 

tAH Address Hold Time 0 ILs 

tOH Data Hold Time 1 ILs 

toEH OE Hold Time 1 ILs 

tOF Output Enable to Output 
0 40 ns 

Float Delay (Note 5) 

tov Data Valid from OElVpp OElVpp = VIH or VIL 100 ns 

tAV Data Valid from Address OElVpp = VIH or VIL 100 ns 

tpw Program Pulse Width 95 100 105 ILs 

tpRT OElVpp Pulse Rise Time 
50 ns 

During Programming 

tvpw Vpp Level Pulse Width 
1 ILs 

on A9 or A10 

Ipp Vpp Supply Current During A 12/PGM = VIL 
60 mA 

Programming Pulse 

lee Vee Supply Current 60 mA 

TA Temperature Ambient 20 25 30 ·C 

Vee Power Supply Voltage 6.0 6.25 6.5 V 

Vpp Programming Supply Voltage 12.5 12.75 13.0 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 
Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 
Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp supply to 
prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 /LF capacitor is required across Vpp, Vee to GND to suppress spurious 
voltage transients which may damage the device. 
Note 4: Programming and program verify are tested at nominal supply voltages. 
Note 5: The tOF compare level is determined as follows: 

High to TRI-STATE, the measured VOH1 (DC) - 0.10V; 
Low to TRI-STATE, the measured Vou (DC) + 0.10V. 
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Functional Description 
DEVICE OPERATION To verify that a device is totally blank, the verify mode must 

The modes of operation of the NMC27C49 are listed in Ta- be entered. This is accomplished by raising A 10 to Vpp and 
then back to the proper logic level (less than 5V). In the ble I. It should be noted that all inputs for the modes may be 
verify mode, each transistor of the memory cell is checked at TTL levels. The power supplies required are Vpp and 
against a reference cell. By toggling OElVpp, both transis-Vee. The Vee power supply must be at 6.25V during the 
tors in the cell are checked. For a totally unprogrammed programming and verify modes, and at 5V in the other 
device in the verify mode, all outputs will be at a "1" state modes. The OElVpp pin must be at 12.75V in four of the 
for OElVpp = VIH and at a "0" state for OElVpp = VIL. programming modes, and VIL in the read mode. 
The verify mode is exited by either powering down the de-

READ MODE vice, or by raising A9 to Vpp and then back to a logic level 

The NMC27C49 has one control function, Output Enable (less than 5V) with OElVpp at VIH. 

(OElVpp), which must be logically active in order to obtain The programming mode is entered by raising OElVpp to 
data at the outputs. This is only true, however, when the 12.75V. In this mode, the A12/PGM pin functions as the 
device is not latched into programming mode or verify programming control pin. Addressing while in programming 
mode, so care must be taken to be sure the device is not in mode is accomplished by placing the A 12 address on A 11 
these modes. The sense amps are clocked for fast access and then latching this into an onboard register when OEI 
time. Vee should therefore be maintained at operating volt- Vpp is raised to 12.75V. The NMC27C49 is now locked into 
age during read and verify. If Vee temporarily drops below the programming mode and half of the chip can be pro-
the spec. voltage (but not to ground), an address transition grammed. Once half of the device is programmed and veri-
must be performed after the drop to ensure proper output fied, the programming mode must be exited and then re-en-
data. tered with the opposite data for address A 12 in order to 

PROGRAMMING 
program the other half of the device. The programming 
mode is exited by powering down the device, or by dropping 

CAUTION: Exceeding 14V on pin 20 (OElVpp) will damage OElVpp to VIH and then raising A9 to Vpp and then back to 
the NMC27C49. a logic level. 
The NMC27C49 has a new memory cell which contributes It is required that at least a 0.1 J.LF capacitor be placed 
greatly to its speed. The cell has two transistors which sup- across OElVpp, Vee to ground to suppress spurious volt-

I--- ply -data_to _two_data lines._ When. programmed, one. OL the_. ____ age transients ·which· may· damage. the device. -The data· to ~ 
other of the two transistors is programmed. When ac- be programmed are applied 8 bits in parallel to the data 
cessed, the memory cell will discharge one of the two data output pins. The levels required for the address and data 
lines, providing a differential voltage. This differential volt- inputs are TTL. 
age is then applied through pass devices to a true differen- When the device has been latched into programming mode 
tial sense amplifier. and the addresses and data are stable, an active low TTL 
Initially, all memory cells are totally unprogrammed. In an program pulse is applied to the A 12/PGM input. A program 
unprogrammed state, both transistors source the same cur- pulse must be applied to each address location that is to be 
rent through the data lines and thus no differential voltage is programmed. A memory cell has been completely pro-
produced. Because of this, any attempt to read data in the grammed when, in the verify mode, toggling OElVpp reads 
read mode from an unprogrammed device will result in arbi- back the same data in both modes. The NMC27C49 
trary outputs. 

TABLE I. Mode Selection 

Pins OE/Vpp A12/PGM A9 A10 A11 Vee Outputs 
Mode (20) (18) (22) (21) (19) (24) (9-11,13-17) 

Read VIL X X X X 5V Dour 
Output Disable VIH X X X X 5V Hi-Z 

Enter Programming Mode for 
12.75V VIH X X VIL 6.25V DIN Addresses with A 12 = VIL 

Enter Programming Mode for 
12.75V VIH X X VIH 6.25V DIN Addresses with A 12 = VIH 

Program 12.75V VIL X X X 6.25V DIN 

Enter Initial Verify Mode X X X 12 X 6.25V Dour 

Verify (Mode 1) 
VIH VIH X X X 6.25V Dour 

(VOH if Blank) 

Verify (Mode 2) 
VIL VIH X X X 6.25V Dour 

(VOL if Blank) 

Program Inhibit 12.75V VIH X X X 6.25V Hi-Z 

Exit Programming Mode and 
VIH VIH 12 X X 6.25V Hi-Z Verify Mode 

x = Don't Care 
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Functional Description (Continued) 

is programmed with the Fast Programming Algorithm shown 
in Figure 1. Each address is programmed with a series of 
100 p's pulses until it verifies good, up to a maximum of 
25 pulses. Most memory cells will program with a single 
100 p.s pulse. The NMC27C49 must not be programmed 
with a DC signal applied to the A12/PGM input. 

Programming multiple NMC27C49s in parallel with the same 
data can be easily accomplished due to the simplicity of the 
programming requirements. Like inputs of the paralleled 
NMC27C49s may be connected together when they are 
programmed with the same data. A low level TTL pulse ap
plied to the A12/PGM input programs the paralleled 
NMC27C49s. 

PROGRAM INHIBIT 

Programming multiple NMC27C49s in parallel with different 
data is also easily accomplished. Except for A 12/PGM, all 
like inputs (including OElVpp) of the paralleled NMC27C49s 
may be common. A TTL low level applied to an 
NMC27C49's A12/PGM input will program that NMC27C49 
while keeping the same pin high on the others inhibits pro
gramming. 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. A veri
fy done in the read mode may not ensure that the bits have 
been programmed with adequate margins for reliable opera
tion. To guarantee adequate margins the device should be 
verified in the verify mode, where each transistor of the 
memory cell Is checked against a reference cell. Verify 
mode can be entered two different ways. The first way is by 
verifying after programming. When OElVpp is at 12.75V, the 
device is in programming mode, and when OElVpp is 
brought back down to VIH or VIL, it is in the verify mode. The 
second method for entering the verify mode is to apply 12V 
to address pin A 10 with the other pins at VIH or VIL. This 
method is recommended if possible for an initial verify when 
the device is totally unprogrammed because power up only 
needs to be performed once. Independent of how verify 
mode is entered, OElVpp is biased at VIH and the data is 

read for verify mode 1 and at VIL for verify mode 2. The data 
read in both modes must be the same as the expected data 
for a completely programmed cell. For a totally unpro
grammed device, all outputs will be at a "1" state for verify 
mode 1 and at a "0" state for verify mode 2. As in program
ming mode, verify mode is exited by powering down the 
device, or by raiSing A9 to Vpp and then back to a logic level 
with OElVpp at VIH. 

MANUFACTURER'S IDENTIFICATION CODE 

The NMC27C49 has a manufacturer's identification code to 
aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 

It identifies the manufacturer and the device type. The code 
for the NMC27C49 is "83C2", where "83" designates that it 
is made by National Semiconductor, and "C2" designates 
that it is a 64k part. The code is acessed by applying 12V 
± 0.5V to address pin A9. Addresses A1-A8, A 1 O-A 12, 
and OElVpp are held at VIL. Address AO is held at VIL for 
the manufacturer's code, and at VIH for the device code. 
The code is read out on the 8 data pins. Proper code access 
is only guaranteed at 25°C ± 5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C49 are such that 
erasure begins to occur when exposed to light with wave
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores
cent lamps have wavelengths in the 300oA-4000A range. 
Opaque labels should be placed over the NMC27C49s win
dow to prevent unintentional erasure. Covering the window 
will also prevent temporary functional failure due to the gen
eration of photo currents. 

TABLE II. Manufacturer's Identification Code 

Pins 
AO 07 06 Os 04 03 02 01 00 Hex 
(10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code VIL 1 0 0 0 0 0 1 1 83 

Device Code VIH 1 1 0 0 0 0 1 0 C2 

TABLE III. Minimum NMC27C49 Erasure Time 

Light Intensity Erasure Time 
(p.W/cm2) (Minutes) 

15,000 20 

10,000 25 

5,000 50 
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Functional Description (Continued) 

The recommended erasure procedure for the NMC27C49 is 
exposure to short wave ultraviolet light which has a wave
length of 2537 A. The integrated dose (Le., UV intensity x 
exposure time) for erasure should be a minimum of 
15W-sec/cm2. 

The NMC27C49 should be placed within 1 inch of the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C49 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed, or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 
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SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of devices. The supply current, Icc, has 
two segments that are of interest to the system designer
the active current level and the transient current peaks that 
are produced by voltage transitions on the input pins. The 
magnitude of these transient current peaks is dependent on 
the output capacitance loading of the device. The associat
ed Vcc transient voltage peaks can be suppressed by prop
erly selected decoupling capacitors. It is recommended that 
at least a 0.1 ,..,F ceramic capacitor be used on every device 
between Vcc and GND. This should be a high frequency 
capacitor of low inherent inductance. In addition, at least a 
4.7 ,..,F bulk electrolytic capacitor should be used between 
Vcc and GND for each eight devices. The bulk capacitor 
should be located near where the power supply is connect
ed to the array. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive effects 
of the PC board traces. 
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Programming Waveforms (Note 3) 

ADDRESSES 

AD-AS,Al0 

DATA 

AI2/PGM 

2.0V 
O.SV 

2.0V 

O.SV 

2.0V 
O.SV 

6.0V f( 
Vee JI 

Initial Program Verify Waveforms 

ADDRESSES 

AO-AS,Al1-AI2 

AID 

OE/Vpp 

DATA 

Program Program Verify Program Verify 
Inhibit -<0-/+--- (Mode 1) --1+-- (Mode 2) 

ADDRESS N 

ADDRESS N 

ADDRESS N 

EXIT Verify 
Mode 

TL/0/9186-5 

~~o~~~ ~~H~~~Z ____________ ~ __ __ 

Add N 

Vpp _________________________________________________ ~----~ 

A9 
2.0V 
D.SV 

TLl0/9186-6 
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ADDR = rlRST LOCATION 

INCREMENT ADOR 

• 
TL/D/9188-7 

FIGURE 1. Fast Programming Algorithm Flow Chart 
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NMC27C51 Very High Speed Version 
131,072-Bit (16k x 8) UV Erasable CMOS PROM 
Pin Compatible with 128k Bipolar PROMs 

General Description Features 
The NMC27C51 is a very high-speed 128k, UVerasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

• Clocked sense amps and a two transistor memory cell 
for fast access time down to 45 ns 

• Performance compatible with current high-speed micro
processors 

The NMC27C51 is designed to operate with a single + 5V 
power supply with ± 10% tolerance. 

• Low CMOS power consumption 
- Active power: 275 mW max 

• Single 5V power supply 
The NMC27C51 is packaged in a 28-pin dual-in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

• Fast and reliable programming (100 J.Ls for most bytes) 
• Static operation clocks required 
• TTL, CMOS compatible inputs/outputs 
• TRI-STATE® output 
• Pin compatible with 128k Bipolar PROMs 

This EPROM is fabricated with National's proprietary, time 
proven CMOS double-poly silicon gate technology which 
combines high performance and high density with low pow
er consumption and excellent reliability. A two transistor 
memory cell is used for speed enhancement. 

• Manufacturer's identification code for automatic pro
gramming control 

Block Diagram 

Ycc~ 
GND~ 

AO-AI3 
ADDRESS 

INPUTS 

OUTPUT ENABLE 
LOGIC 

Y 
DECODER 

• 
X 

DECODER • 
• 

• High current CMOS level output driver 

DATA OUTPUTS 
00-07 

OUTPUT 
BUFFERS 

Y GATING 

131,072 - BIT 
CELL MATRIX 
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Pin Names 

AO-A13 Addresses 

OE1-0E4 Output Enable 

VFY Verify 

PGM Program 

00-07 Outputs 



Connection Diagram 

NMC27C51Q 
Dual-In-Llne Package 

27C53 27C49 27C49 

A9 A9- 1 28 r-Vcc 

AS AB- 2 27 ~Al0 

A7 A7 A7- 3 26 ~All Vee 
A6 A6 A6- 4 25 I-A12 AS 
A5 A5 A5- 5 24 I-A13 A9 
A4 A4 A4- 6 23 1-00dVpp A10 
A3 A3 A3- 7 22 1-0E2iVfY OElVpp 
A2 A2 A2- 8 211-0E3 A11 
A1 A1 Al- 9 20 I-OE.JPG~ A12/PGM 
AO AO AO- 10 19 -07 07 
00 00 00- 11 18 -06 06 
01 01 01- 12 17 -os 05 
02 02 O2- 13 16 -0 .. 04 

GND GND GNO- 14 15 -03 03 

TL/D/91B4-2 

Note: National's socket compatible EPROM with configurations are shown in the blocks adjacent to the NMC27C51Q pins. 

~---

Order Number NMC27C51Q 
See NS Package Number J28AQ 

z 
~ 
0 
N 
~ 
0 
U1 
-'" 

27C53 

Vee 
A10 
A11 
A12 
A13 
A14 

OE1IVpp 
OE2/PGM 
OE3IVFY 

07 
06 
05 
04 
03 

-~----- -~-- -- - ----- ---~Commerclal Temp Range (O°C to-+70·Cr-------------------- - --- ----- --- ---------

Vee = 5V ±100/0 

Parameter/Order Number Access Time (ns) 

NMC27C51Q45 
NMC27C51Q55 
NMC27C51Q70 
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Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, OE1/VPP and A13 Supply Voltage 
contact the National Semiconductor Sales Office/ with Respect to Ground 
Distributors for availability and specifications. During Programming + 14.0V to - 0.6V 

Temperature Under Bias -10·Cto +80·C Power Dissipation 1.0W 

Storage Temperature - 65·C to + 150"C Lead Temperature (Soldering, 10 sec.) 300·C 

All Input Voltages except A 13 with ESD Rating (Mil Spec 883C, Method 3015.2) 2000V 
Respect to Ground (Note 10) +6.5Vto -0.6V 

All Output Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) Vee+1.0Vto GND-0.6V Temperature Range O·Cto +70·C 

Vee Supply Voltage with Vee Power Supply +5V ±10% 
Respect to Ground + 7.0V to -0.6V 

READ OPERATION 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ (Note 2) Max Units 

III Input Load Current VIN = Vee or GND 1.0 IlA 

ILO Output Leakage Current VOUT = VeeorGND;OE1, 1.0 IlA 
OE2, OE4 = VIH or OE3 = Vil 

IpP1 VPP Load Current VPP = Vee 10 IlA 

Ice1 Vee Current (Active) f = 20 MHz, All 
30 70 mA 

(Note 7) TIL Inputs Inputs = VIH or Vll, I/O = 0 mA 

Ice2 Vee Current (Active) f = 20 MHz,AII 
25 50 mA 

(Note 7) CMOS Inputs Inputs = Vee or GND, 1/0 = 0 mA 

VIL Input Low Voltage (Note 10) -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOll Output Low Voltage IOl = 16 mA 0.40 V 

VOHl Output High Voltage IOH = - 2.5 mA (Note 8) 3.5 V 

VOL2 Output Low Voltage IOl = 10 IlA 0.1 V 

VOH2 Output High Voltage IOH = -10 IlA (Note 8) Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C51 

Symbol Parameter Conditions Q45 Q55 Q70 Units 

Min Max Min Max Min Max 

tAee Address to Output Delay OE1, OE2, OE4 = Vll, 
45 55 70 

ns 
OE3 = VIH 

toE OE to Output Delay 25 25 30 ns 

tOF (Note 3) OE Disable to Output Float 0 25 0 25 0 30 ns 

toH Output Hold from Addresses, OE1, OE2, OE4 = Vil 
OE1, OE2, OE3 or OE4, OE3 = VIH 0 0 0 ns 
Whichever Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 3) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Input Rise and Fall Times 

Input Pulse Levels 

Output Load (Note 9) 

Timing Measurement Reference Level 
Inputs 
Outputs 

Conditions Typ 

VIN = OV 6 

VOUT = OV 9 

:::;;5 ns 

0.0 to 3.0V 

R = 97.6!! 

CL = 30.0 pF 

0.8Vand 2V 
0.8Vand 2V 

AC Waveforms (Notes7,8& 11) 

-

Max Units 

12 pF 

12 pF 

Output ~Vref=2.01V 

-L _.R=:!.6_!l Ie1 =30pF 

ADDRESSES 2.0V ~ ADDRESSES VALID " _____ 0_.8_V,~~----------------------------~~r~-----------

'~ ______________ -JI 

-~. ----~----
OE3 2.0V 

------------ -(NOTE-11)-O.SV- -/------------ ----. - ---, 
-r-- t tor 

-- (NOlES 5,6) I--(NO~~4)-
OUTPUT 02~.O~V~H~i--~Z------~I~ .. ,n,~.,.~-----~~7~~~~~~:~~~~~~~~-_-_-_t~-~----~~~~~~Hit-,~Z~ VALID OUTPUT __ 

O.SV 
tACC tOH I 

i--(NOTE4)- ~ 

TLlD/9184-3 

TL/D/9184-4 

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

Note 2: Typical values are for T A = + 25°C and nominal supply voltages. 

Note 3: This parameter is only sampled and is not 100% tested. 

Note 4: OE/OE: true may be delayed up to tACC - toE after address change without impacting tACC' 

Note 5: The tOF compare level is determined as follows: 
High to TRI-STATE, the measured VOHI (DC) - 0.10V. 
Low to TRI-STATE, the measured VOLl (DC) + 0.10V. 

Note 6: TRI-ST A TE may be attained by any OE signal. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 /-tF ceramic capacitor be used on 
every device between Vcc and GND. 

Note 8: The outputs must be restricted to Vcc + 1.0V to avoid latch-up and device damage. 

Note 9: CL: 30 pF includes fixture capacitance. 

Note 10: Inputs and outputs can undershoot -2.0V for a maximum of 20 ns. 

Note 11: For the output to be in low-Z all OE/OE: inputs must be in their logical true states, i.e., OEt, OE2, OE4 must be at VIL and OE3 must be at VIH. If any or all 
of these inputs are not at their logical true level then the outputs will be in Hi-Z. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 1 ,...s 

tOES OE4 Setup Time 1 ,...s 

tos Data Setup Time 1 ,...s 

tves Vee Setup Time 1 ,...s 

tvps Vpp Setup Time 1 ,...s 

tAH Address Hold Time 0 ,...s 

tOH Data Hold Time 1 ,...S 

tOF Output Enable to Output Float Delay 0 50 ns 

tpw Program Pulse Width 95 100 105 ,...S 

Ipp Vpp Supply Current During OE4 = VIL 60 rnA 
Programming Pulse 

Icc Vee Supply Current 60 rnA 

tVM1 OE2 to Data Valid During OE1/VPP = Vpp, 0.1 ,...s 
Verify Mode 1 (Verify Mode) OE4, OE3 = VIH 

tVM2 OE4 to Data Valid During OE1/VPP = Vpp, 0.1 ,...s 
Verify Mode 2 (Verify Mode) OE2 = VIL OE3 = VIH 

TA Temperature Ambient 20 25 30 ·C 

Vee Power Supply Voltage 6.0 6.25 6.5 V 

Vpp Programming Supply Voltage 12.5 12.75 13.0 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C51 must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp 
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 pF capacitor is required across Vpp, Vee to GND to suppress 
spurious voltage transients which may damage the device. 

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings. The Min and Max Limit 
Parameters are Design parameters, not Tested or guaranteed. 
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Functional Description 
DEVICE OPERATION 

The six modes of operation of the NMC27CS1 are listed in 
Table I. It should be noted that all inputs may be at TIL 
levels. The power supplies required are Vpp and Vcc. The 
Vce power supply must be at 6.25V during the four pro
gramming modes, and at SV in the other two modes. The 
OE1/VPP pin must be at 12.7SV in the programming and 
verify mode, and VIL in the read mode. 

READ MODE 

The NMC27CS1 has four select functions, all of which must 
be logically active in order to obtain data at the outputs. 
Data is available at the falling edges of OE1, OE2 and OE4 
and the rising edge of OE3, assuming that the addresses 
have been stable for at least tAcc-tOE' The sense amps are 
clocked for fast access time. Vcc should therefore be main
tained at operating voltage during read and verify. If Vcc 
temporarily drops below the spec. voltage (but not to 
ground) an address transition must be performed after the 
drop to ensure proper output data. 

OUTPUT OR-TYING 

The NMC27C51 is in the program mode when 0E1IVpp is 
raised to 12.75V. In this mode, the 0E4/PGM pin functions 
as the PGM pin which controls the programming pulse width 
(tpw) and the OE2IVFY pin functions as the VFY pin which 
is to be held at VIL during program verify. 

To verify that a device is totally blank, the verify mode must 
be entered. In the verify mode each transistor of the memo
ry cell is checked against a reference cell. By toggling OE4 
both transistors in the cell are checked. For a totally unpro
grammed device in the verify mode all outputs will be at a 
"1" state for OE4 = VIH and at a "0" state for 0E4 = VIL. 

It is required that at least a 0.1 /-LF capacitor be placed 
across OE1IVPP, Vcc to ground to suppress spurious volt
age transients which may damage the device. The data to 
be programmed are applied 8 bits in parallel to the data 
output pins. The levels required for the address, clock, and 
data inputs are TIL. 

When the addresses, clocks, and data are stable, an active 
low, TIL program pulse is applied to the OE4 input. A pro
gram pulse must be applied to each address location that is 
to be programmed. A memory cell has been completely pro-

Because NMC27C51s are usually used in larger memory grammed when data from both verify modes matches the 
arrays, National has provided a 4-line control function that input data. The NMC27C51 is programmed with the fast 
accommodates this use of multiple memory connections. programming algorithm shown in Figure 1. Each address is 
The 4-line control function allows for complete assurance programmed with a series of 100 /-Ls pulses up to a maxi-
that output bus contention will not occur. All Output Enables mum of 25 pulses until the device verifies good. Most mem-

z 
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U1 .... 

~ areJunctionally_equivalenl ~ ____ ~ __ ~ __ ~ ______________ ory ~cells_will_ program_with .. a~single __ 1 OO_ILS __ pulse, _ The _______ ._~--

PROGRAMMING 

CAUTION: Exceeding 14Von pin 23 (OE1IVpp) will damage 
the NMC27C51. 

The NMC27CS1 has a new memory cell which contributes 
greatly to its speed. The cell has two transistors which sup
ply data to two data lines. When programmed, one or the 
other of the two transistors is programmed. When accessed 
the memory cell will discharge one of the two data lines, 
providing a differential voltage. This differential signal is 
then applied through pass devices to a true differential 
sense amplifier. 

Initially, all memory cells are totally unprogrammed. In an 
unprogrammed state both transistors source the same cur
rent through the data lines and thus no differential is pro
duced. Because of this, any attempt to read data in the read 
mode from an unprogrammed device will result in arbitrary 
outputs. 

NMC27C51 must not be programmed with a DC signal ap-
plied to the OE4 input. 

Programming multiple NMC27C51s in parallel with the same 
data can be easily accomplished due to the simplicity of the 
programming requirements. Like inputs of the paralleled 
NMC27C51s may be connected together when they are 
programmed with the same data. A low level TIL pulse ap
plied to the OE4 input (with OE2 high) programs the paral
leled NMC27C51s. 

PROGRAM INHIBIT 

Programming multiple NMC27CS1s in parallel with different 
data is also easily accomplished. Except for OE4 all like 
inputs (including OE1/VPP, OE2 and OE3 of the paralleled 
NMC27CS1 s may be in common. A TIL low level applied to 
an NMC27CS1 s OE4 input (with the other control pins at the 
appropriate levels) will program that NMC27C51 while keep
ing the same pin high on the others inhibits programming. 

TABLE I. Mode Selection 

Pins OE1 /VPP OE2/VFY OE3 OE4/PGM Vee Outputs 
Mode (23) (22) (21) (20) (28) (11-13,15-19) 

Read VIL VIL VIH VIL 5V DOUT 

Program 12.75V VIH X VIL 6.25V DIN 

Program Verify 12.75V VIL VIH VIH 6.25V DOUT 
(Mode 1) VOH if Blank 

Program Verify 12.75V VIL VIH VIL 6.2SV DOUT 
(Mode 2) VOL if Blank 

Program Inhibit 12.7SV VIH X VIH 6.2SV Hi-Z 

Deselect VIH VIH VIL VIH SV Hi-Z 
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PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. Verify
ing in the read mode may not ensure that the bits have been 
programmed with adequate margins. To guarantee ade
quate margins the device should be verified in the verify 
mode. In this mode each transistor of the memory cell is 
checked against a reference cell. Verify mode is entered 
with C5E1 /Vpp at 12.75V, OE2 at VIL and OE3 at VIH. OE4 is 
at VIH and the data read for verify mode 1, and 0E4 is at VIL 
for verify mode 2. The data read in both modes must be the 
same as the expected data for a completely programmed 
cell. 

Manufacturer's Identification Code 
The NMC27C51 has a manufacturer's identification code to 
aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C51 is "8343", where "83" designates that it 
is made by National Semiconductor, and "43" designates it 
as a 128k part. 

The code is accessed by applying 12V ± 0.5V to address 
pin A 13. Addresses A 1-A 12, C5E1, OE2, and OE3 and 0E4 
are held at VIL. Address AO is held at VIL for the manufactur
er's code, and at VIH for the device code. The code is read 
out on the 8 data pins. Proper code access is only guaran
teed at 25°C ± 5°C. 

The primary purpose of the manufacturer's identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro
gramming control is only possible with programmers which 
have the capability of reading the code. 

Erasure Characteristics 
The erasure characteristics of the NMC27C51 are such that 
erasure begins to occur when exposed to light with wave
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores
cent lamps have wavelengths in the 3000A-4000A range. 
After programming, opaque labels should be placed over 
the NMC27C51 's window to prevent unintentional erasure. 
Covering the window will also prevent temporary functional 
failure due to the generation of photo currents. 

The recommended erasure procedure for the NMC27C51 is 
exposure to short wave ultraviolet light which has a wave
length of 2537 A. The integrated dose (Le., UV intensity X 
exposure time) for erasure should be a minimum of 
15W-sec/ cm2. 

The NMC27C51 should be placed within 1 inch of the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C51 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4). Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in
complete erasure was the problem. 

System Consideration 
The power switching characteristics of EPROMs require 
careful decoupling of devices. The supply current, Icc, has 
two segments that are of interest to the system designer
the active current level and the transient current peaks that 
are produced by voltage transitions on the input pins. The 
magnitude of these transient current peaks is dependent on 
the output capacitance loading of the device. The associat
ed Vee transient voltage peaks can be suppressed by prop
erly selected decoupling capacitors. It is recommended that 
at least a 0.1 ILF ceramic capacitor be used on every device 
between Vee and GND. This should be a high frequency 
capacitor of low inherent inductance. In addition, at least a 
4.7 ILF bulk electrolytic capacitor should be used between 
Vee and GND for each eight devices. The bulk capacitor 
should be located near where the power supply is connect
ed to the array. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive effects 
of the PC board traces. 

TABLE II. Manufacturer's Identification Code 

Pins 
AO 07 06 OS 04 03 02 01 00 Hex 

(10) (19) (18) (17) (16) (1S) (13) (12) (11) Data 

Manufacturer Code VIL 1 0 0 0 0 0 1 1 83 

Device Code VIH 0 1 0 0 0 0 1 1 43 

TABLE III. Minimum NMC27CS1 Erasure Time 

Light Intensity Erasure Time 
(Mlcro-Watts/cm2) (Minutes) 

15,000 20 

10,000 25 

5,000 50 
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Programming Waveforms (Note 3) 

PROGRAM 

ADDRESSES D O.SV ADDRESS N 

~ 

OUTPUT ~ O.8V 
DATA IN STABLE 

HI-Z 

~ ~ 

OE1/Vpp ~ S.25V tvps 

Vee ~ 
VII 

2.0V 
O.8V 

tpw 

f-toES1 
2.0V 

-- -- -- --- -------- -~ O.8V ---. --

PROGRAM VERIFY PRO~~~E VrlFY _ MODE 1 

K: 
DATA VAUD XX) DATA VAUD 

WODE I WODE 2 

r--tOf-

I--tAH-

f4-tVW2-

" j 

I-tVIoI1 -

----- ---- ----------}---- -------

TL/O/9184-5 
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~National 
D Semiconductor 
NMC27C53 Very High Speed Version 
262, 144-Bit (32k x 8) UV Erasable CMOS PROM 
Pin Compatible with 256k Bipolar PROMs 

General Description 
The NMC27C53 is a very high-speed 256k, UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta
tion and low power consumption are important require
ments. 

The NMC27C53 is designed to operate with a single + 5V 
power supply with ± 1 0% tolerance. 

The NMC27C53 is packaged in a 28-pin dual-in-line pack
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

Features 
_ Clocked sense amps and two transistor memory cell for 

fast access time down to 55 ns 
_ Low CMOS power consumption 

- Active power: 275 mW max 
_ Performance compatible to current high speed micro-

processors 
_ Pin compatible with 256k bipolar PROMs 
_ Single 5V power supply 
_ Fast and reliable programming (100 p's for most bytes) 
_ Static operation for NMC27C53-no clocks required 
_ TIL, CMOS compatible inputs/outputs 
_ TRI-STATE® output 

This EPROM is fabricated with National's proprietary, time _ Manufacturer's identification code for automatic pro-
proven CMOS double-poly silicon gate technology which gramming control 
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combines hig.h performance and hi~h .~ensity with low ~ow- _ High current CMOS level output driver 
---- - - er- consumption -and -excellent- rellabillty.- A-two translstor---- -- ------------ -- ---- - ----- ---- ------

memory cell is used for speed enhancement. 

Block Diagram 
Vee 0--+ 
GND 0--+ 

AO-AI4 
ADDRESS 

INPUTS 

OUTPUT ENABLE 
LOGIC 

y 
DECODER 

X 
DECODER 

• 
• 
• 
• 
• 

DATA OUTPUTS 00 - 07 

OUTPUT 
BUFFERS 

Y GATING 

262,144 - BIT 
CELL MATRIX 
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Pin Names 

AO-A14 Address 

OE1-0E3 Output Enables 

00-0 7 Outputs 

PGM Program 

VFY Verify 
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Connection Diagram 
NMC27C53Q 

Dual-In-Llne Package 
27C51 27C49 27C49 

'-' 
A9 A9- 1 28 -Vee 
AS A8- 2 27 I-Al0 

A7 A7 A7- 3 26 I-All Vee 
A6 A6 A6- 4 25 I-A12 AS 

A5 A5 A5- 5 24 I-A13 A9 

A4 A4 A4- 6 23 I-A14 A10 

A3 A3 A3- 7 22 I-OE1/Vpp OElVpp 

A2 A2 A2- 8 21 I-OE2/PGt.t A11 

A1 A1 Al- 9 20 I-OE3jWY A12/PGM 

AO AO AO- 10 191-°7 07 
00 00 °0- 11 181-°6 06 
01 01 0,- 12 171-°5 Os 

02 02 °2- 13 161-0" 04 
GND GND GND- 14 151-°3 03 

TL/D/9718-2 
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C53 pins. 

Ordering Information 

Order Number NMC27C53Q 
See NS Package Number J28AQ 

Commercial Temp Range (O"C to + 70°C) 
Vee = 5V ±10% 

Parameter/Order Number 

NMC27C53Q55 
NMC27C53Q70 
NMC27C53Q90 
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55 
70 
90 

27C51 

Vee 
A10 

A11 

A12 

A13 

OE1IVpp 

OE2IVFY 

OE3 

OE4/PGM 

07 
06 
Os 

04 
03 



Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, OE1/vpp and A13 Supply Voltage 
contact the National Semiconductor Sales Offlcel with Respect to Ground 
Distributors for availability and specifications. During Programming + 14.0V to - O.SV 
Temperature Under Bias -10·Cto +80·C Power Dissipation 1.0W 
Storage Temperature - 65·C to + 150·C Lead Temperature (Soldering. 10 sec.) 3000C 

All Input Voltages except A 13 with ESD Rating (Mil Spec 883C. Method 3015.2) 2000V 
Respect to Ground (Note 10) + 6.5V to - O.SV 

All Output Voltages with Operating Conditions (Note 7) 
Respect to Ground (Note 10) Vee + 1.0V to GND-0.6V Temperature Range O·Cto +70°C 

Vee Supply Voltage with Vee Power Supply +5V ±10% 
Respect to Ground + 7.0V to -0.6V 

READ OPERATION 

DC Electrical Characteristics 

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 2) 

III Input Load Current VIN = Vee or GND 1 p.A 

ILO Output Leakage Current Your = VeeorGND. 
1 p.A 

OE1. OE3 = VIH. or OE2 = VIL 

IpPl Vpp Current Vpp = Vee 10 p.A 

leel Vee Current (Active) f = 20MHz 
30 70 mA 

_{Note_7L UL Inputs _______ . _Inputs==-VIH or.VIL.1I0= 0 mA __ ~--- _._-
~ --- ----- ---

lee2 Vee Current (Active) f = 20 MHz 
25 50 rnA 

(Note 7) CMOS Inputs Inputs = Vee or GND. 1/0 = 0 rnA 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL = 16 mA 0.40 V 

VOHl Output High Voltage IOH = - 2.5 mA (Note 8) 3.5 V 

VOL2 Output Low Voltage IOL = 10 p.A 0.1 V 

VOH2 Output High Voltage IOH = -10 p.A (Note 8) Vee - 0.1 V 

AC Electrical Characteristics 
NMC27C53 

Symbol Parameter Conditions Q55 Q70 Q90 Units 

Min Max Min Max Min Max 

tAee Address to Output Delay OE1. OE3 = VIL.OE2 = VIH 55 70 90 ns 

toE OE to Output Delay 25 30 40 ns 

tOF OE Disable to Output Float 
0 25 0 30 0 40 ns 

(Note 3) 

tOH Output Hold from Addresses. OE1 = OE3 = VIL 
OE1. OE2 or OE3. Whichever OE2 = VIH 0 0 0 ns 
Occurred First 
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Capacitance T A = + 25°C, f = 1 MHz (Note 3) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

AC Test Conditions 
Input Rise and Fall Times 

Input Pulse Levels 

Output Load (Note 9) 

Timing Measurement Reference Level 
Inputs 
Outputs 

Conditions Typ 

VIN = OV 6 

VOUT = OV 9 

~5 ns 

O.OVto 3.0V 

R = 97.6!1 
CL = 30 pF 

0.8Vand 2V 
0.8Vand 2V 

AC Waveforms (Notes 7, 8& 11) 

Max Units 

12 pF 

12 pF 

Output ~Vref=2.01V 

..L A,R=:!.~!l 
CL=30 pF' I Output Loading 

ADDRESSES 2ID ADDRESSES VALID ~ (NOTE 1) _.::.0.;.lf,8:J1'-__________ --' l-----

OE1, OE3 2,OV 
(NOTE11) Q,SV 

\~ _____ I 

OE2 2,QV I 
(NOTE 11) _Q_'S_V-t-_01_ tOE ~ 

(NOTE4) ,..-

,~--
tor 

- NOTESS,6 

OUTPUT _~_:~_~-+-'H-I--Z---{.~,·~k: ~~,...V-A-L-ID-O-UT-P-U-T-+--...... HI-Z 
tOH I ... ~tACC~ 

r---(NOTE4)- -
TLlO/971B-4 

TLlO/971B-3 

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

Note 2: Typical values are for T A = 2S'C and normal supply voltages. 

Note 3: This parameter is only sampled and is not 100% tested. 

Note 4: OE/DE true may be delayed up to tACC - tOE after address change without impacting tAee. 

Note 5: The tOF compare level is determined as follows: 
High to TRI·STATE, the measured VOHl (DC) - O.10V; 
Low to TRI-STATE, the measured Vall (DC) + 0.10V. 

Note 6: TRI-STATE may be attained by any OE signal. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 JLF ceramic capacitor be used on 
every device between Vee and GND. 

Note 8: The outputs must be restricted to Vee + 1.0V to avoid latch-up and device damage. 

Note 9: Cl: 30 pF includes fixture capaCitance. 

Note 10: Inputs can undershoot -2.0V for a maximum of 20 ns. 

Note 11: For the output to be in Low-Z all OE/DE Inputs must be in their logical true states, i.e., 00, 0E3 must be at Vil and OE2 must be at VIH. If any or all of 
these inputs are not at their logical true level then the outputs will be in Hi-Z. 
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Programming Characteristics (Notes 1, 2, 3 & 4) 

Symbol Parameter Conditions Min Typ Max Units 

tAS Address Setup Time 1 p.s 

tOES OE2 Setup Time 1 p.s 

tos Data Setup Time 1 p.s 

tvps Vpp Setup Time 1 p's 

tves Vee Setup Time 1 p's 

tAH Address Hold Time 0 p.s 

tOH Data Hold Time 1 p.s 

tOF Output Enable to Output Float Delay 0 50 ns 

tpw Program Pulse Width 95 100 105 p's 

Ipp Vpp Supply Current During OE2 = VIL 
60 rnA 

Programming Pulse 

lee Vee Supply Current 60 mA 

tVM1 OE3 to Data Valid OE1IVpp = Vpp,OE2 = VIH 
0.1 

(Verify Mode1) 
p.s 

tVM2 OE2 to Data Valid OE1IVpp = Vpp, OE3 = VIL 
0.1 

(Verify Mode2) 
p's 

TA Temperature Ambient 20 25 30 °C 

Vee Power Supply Voltage 6.0 6.25 6.5 V 

-Vp-p-- -Program-niing Supply Voltage-- ----
---------------

12.5 12.75 13.0 V 

tFR Input Rise, Fall Time 5 ns 

VIL Input Low Voltage 0.0 0.45 V 

VIH Input High Voltage 2.4 4.0 V 

tiN Input Timing Reference Voltage 0.8 1.5 2.0 V 

tOUT Output Timing Reference Voltage 0.8 1.5 2.0 V 

Note 1: National's standard product warranty applies only to devices programmed to the specifications described herein. 
Note 2: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C53 must not be inserted into or removed from a 
board with voltage applied to Vpp or Vee. 
Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 14V maximum specification. At least a 0.1 /LF capacitor is required across Vpp, Vee to GNO to suppress spurious voltage 
transients which may damage the device. 
Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings. The Min and Max Limit 
Parameters are Design parameters, not tested or guaranteed. 
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Programming Waveforms (Note 3) 

ADDRESSES ADDRESS N 

OUTPUT ---cJ 
HI-Z 

,...--+-----~ 

OE2/PGhf 
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Fast Programming Algorithm Flow Chart 

INCREMENT ADDR 

FIGURE 1 
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~ Functional Description 
N 
o DEVICE OPERATION 

52 The six modes of operation of the NMC27C53 are listed in 
Table I. It should be noted that all inputs for the six modes 
may be at TTL levels. The power supplies required are Vpp 
and Vee. The Vee power supply must be at 6.25V during 
the four programming modes, and at 5V in the other two 
modes. The OE1IVpp pin must be at 12.75V in the program
ming and verify mode, and VIL in the read mode. 

READ MODE 

The NMC27C53 has three select functions, both of which 
must be logically active in order to obtain data at the out
puts. Data is available at the falling edges of OE1 and OE3 
and the rising edge of OE2, assuming that the addresses 
have been stable for at least tAee-tOE. The sense amps 
are clocked for fast access time. Vee should therefore be 
maintained at operating voltage during read and verify. If 
Vee temporarily drops below the specified voltage (but not 
to ground) an address transition must be performed after 
the drop to ensure proper output data. 

OUTPUT OR-TYING 

Because NMC27C53s are usually used in larger memory 
arrays, National has provided a 3-line control function that 
accommodates this use of multiple memory connections. 
The 3-line control function allows for complete assurance 
that output bus contention will not occur. All Output Enables 
are functionally equivalent. 

PROGRAMMING 

CAUTION: Exceeding 14V on pin 22 (OE1IVpp) will damage 
the NMC27C53. 

The NMC27C53 has a new memory cell which contributes 
greatly to its speed. The cell has two transistors which sup
ply data to two data lines. When programmed, one or the 
other of the two transistors is programmed. When accessed 
the memory cell will discharge one of the two data lines, 
providing a differential voltage. This differential signal is 
then applied through pass devices to a true differential 
sense amplifier. 

Initially, all memory cells are totally unprogrammed. In an 
unprogrammed state both transistors source the same cur
rent through the data lines and thus no differential is pro
duced. Because of this, any attempt to read data in the read 
mode from an unprogrammed device will result in arbitrary 
outputs. 

The NMC27C53 is in the program mode when OE1IVpp is 
raised to 12.75V. 

During programming the OE2 pin functions as the PGM pin 
which controls the programming pulse width (tpw) and the 
OE3 pin functions as the VFY pin which is to be held at VIL 
during program verify. 

To verify that a device is totally blank, the verify mode must 
be entered. In the verify mode each transistor of the memo
ry cell is checked against a reference cell. By toggling OE2 
both transistors in the cell are checked. For a totally unpro
grammed deviced in the verify mode all outputs will be at a 
"1" state for OE2 = VIH and at a "0" state for OE2 = VIL. 

It is required that at least a 0.1 !-,-F capacitor be placed 
across OE11Vpp, Vee to ground to suppress spurious volt
age transients which may damage the device. The data to 
be programmed are applied 8 bits in parallel to the data 
output pins. The levels required for the address, clock, and 
data inputs are TTL. 

When the addresses, clocks, and data are stable, an active 
low, TTL program pulse is applied to the OE2 input. A pro
gram pulse must be applied to each address location that is 
to be programmed. A memory cell has been completely pro
grammed when data from both verify modes matches the 
input data. The NMC27C53 is programmed with the fast 
programming algorithm shown in Figure 1. Each address is 
programmed with a series of 100 !-,-S pulses until it verifies 
good, up to a maximum of 25 pulses. Most memory cells will 
program with a single 100 !-,-S pulse. The NMC27C53 must 
not be programmed with a DC signal applied to the OE2 
input. 

Programming multiple NMC27C53s in parallel with the same 
data can be easily accomplished due to the simplicity of the 
programming requirements. Like inputs of the paralleled 
NMC27C53s may be connected together when they are 
programmed with the same data. A low level TTL pulse ap
plied to the PGM/OE2 input (with OE3 high) programs the 
paralleled NMC27C53s. 

PROGRAM INHIBIT 

Programming multiple NMC27C53s in parallel with different 
data is also easily accomplished. Except for OE2 all like 
inputs (including OE1IVpp and OE3) of the paralleled 
NMC27C53s may be in common. A TTL low level applied to 
an NMC27C53s OE2/PGM input (with the other control pins 
at the appropriate levels) will program that NMC27C53 while 
keeping the same pin high on the others inhibits program
ming. 

TABLE I. Mode Selection 

Pins OE1/Vpp OE2/PGM OE3/VFY Vee Outputs 
Mode (22) (21) (20) (28) (11-13,15-19) 

Read VIL VIH VIL 5V DOUT 

Program 12.75V VIL VIH 6.25V DIN 

Program Verify 12.75V VIH VIL 6.25V DOUT 
(Mode 1) (VOH if Blank) 

Program Verify 12.75V VIL VIL 6.25V DOUT 
(Mode 2) (VOL if Blank) 

Program Inhibit 12.75V VIH VIH 6.25V Hi-Z 

Deselect VIH VIL. VIH 5V Hi-Z 
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Functional Description (Continued) 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. Verify
ing in the read mode may not ensure that the bits have been 
programmed with adequate margins. To guarantee ade
quate margins the device should be verified in the verify 
mode. In this mode each transistor of the memory cell is 
checked against a reference cell. Verify mode is entered 
with OE1IVpp at 12.75V and OE31VIL with OE2 at VIH, the 
data read for verify mode 1, and at OE2/PGM = VIL, verify 
mode 2. The data read in both modes must be the same as 
the expected data for a completely programmed cell. 

Manufacturer's Identification Code 
The NMC27C53 has a manufacturer's identification code to 
aid in programming. The code, shown in Table II, is two 
bytes wide and is sorted in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C53 is "83C4", where "83" designates that it 
is made by National Semiconductor, and "C4" designates it 
is a 256k part. 

The recommended erasure procedure for the NMC27C53 is 
exposure to short wave ultraviolet light which has a wave
length of 2537 A. The integrated dose (Le., UV intensity x 
exposure time) for erasure should be a minimum of 
15 W-sec/cm2. 

The NMC27C53 should be placed within 1 inch of the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C53 erasure time for various 
light intensities. An erasure system should be calibrated pe
riodically. The distance from lamp to unit should be main
tained at one inch. The erasure time increases as the 
square of the distance. (If distance is doubled the erasure 
time increases by a factor of 4.) 

Lamps lose intensity as they age. When a lamp is changed, 
the distance has changed or the lamp has aged, the system 
should be checked to make certain full erasure is occurring. 
Incomplete ereaure will cause symptoms that can be mis
leading. Programmers, components, and even system de
signs have been erroneously suspected when incomplete 
erasure was the problem. 

The code is accessed by applying 12V ± 0.5V to address 
pin A13. Addresses A1-A8, A10-A12, A14, OE1, OE2 and System Consideration 
OE3 are held at VIL. Address AO is held at VIL for the manu- The power switching characteristics of EPROMs require 
facturer's code, and at VIH for the device code. The code is careful decoupling of devices. The supply current, Icc, has 
read out on the 8 data pins. Proper code access is only two segments that are of interest to the system designer-
guaranteed at 25°C ± 5°C. the active current level and the transient current peaks that 

z 
3: 
o 
N 

"" o 
U1 
w 

. The-primarY--pu-rpo~se--of-t~manufacfurer's -idenHficatlon- -are" produced by-voltage-transitions-on-the input pins:--The- -------
code is automatic programming control. When the device is magnitude of these transient current peaks is dependent on 
inserted in an EPROM programmer socket, the programmer the output capacitance loading of the device. The associat-
reads the code and then automatically calls up the specific ed Vcc transient voltage peaks can be suppressed by prop-
programming algorithm for the part. This automatic pro- erly selected decoupling capacitors. It is recommended that 
gramming control is only possible with programmers which at least a 0.1 ,."F ceramic capacitor be used on every device 
have the capability of reading the code. between Vcc and GND. This should be a high frequency 

capacitor of low inherent inductance. In addition, at least a 
4.7 ,."F bulk electrolytic capacitor should be used between 
Vcc and GND for each eight devices. The bulk capacitor 
should be located near where the power supply is connect
ed to the array. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive effects 
of the PC board traces. 

Erasure Characteristics 
The erasure characteristics of the NMC27C53 are such that 
erasure begins to occur when exposed to light with wave
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores
cent lamps have wavelengths in the 3000A-4000A range. 
After programming, opaque labels should be placed over 
the NMC27C53's window to prevent unintentional erasure. 
Covering the window will also prevent temporary functional 
failure due to the generation of photo currents. 

TABLE II. Manufacturer's Identification Code 

Pins 
AO 07 Os 05 04 03 02 

(10) (19) (18) (17) (16) (15) (13) 

Manufacturer Code VIL 1 0 0 0 0 0 

Device Code VIH 1 1 0 0 0 1 

TABLE III. Minimum NMC27C53 Erasure Time 

01 
(12) 

1 

0 

Light Intensity Erasure Time 
(Mlcro·Watts/cm2) (Minutes) 

15,000 20 

10,000 25 

5,000 50 
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~National 
D Semiconductor 
DM77/87SR474 
(512 x 8) 4k-Bit Registered TTL PROM 

General Description 
The DM77/B7SR4 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 
B-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/B7SR4 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-AB. 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 Diagram 

a1 Q8 a5 

64WOROx64·81T 
PROGRAMM~8lE FUSE ARRAY 

Q4 a3 

The DM77/B7SR474 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-STATE outputs 
• Low voltage TRI-SAFETM programming 
• All parameters guaranteed over temperature 
• Pinout compatible with DM77SR1B1 (1k x B) Registered 

PROM for future expansion 

Pin Names 

AO-AB Addresses 

C Clock 

G Output Enable 

GND Ground 

GS Synchronous 
Output Enable 

INIT Initialize 

NC No Connection 

00-07 Outputs 

Vee Power Supply 

a1 ao 

TLlD/9201-1 
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Connection Diagrams 
Dual-In-Llne-Package 

A7 Vee 
A6 A8 

AS Ne 

A4 G 
A3 INITS 

A2 GS 
A1 C 

AO 07 

00 06 

01 10 05 

02 11 04 

GND 12 03 

TL/D/9201-2 

Top View 

Order Number DM77/87SR474J, 474BJ 
DM87SR474N,474BN 

See NS Package Number J24A or N24A 

Ordering Information 

----- Commercial Temp Range (O°C to + 70°C) 
-- ~~ ---- ----

Parameter/Order Number 
Min Address to ClK 

Setup Time (ns) 

DM87SR474BJ 35 

DM87SR474J 50 

DM87SR474BN 35 

DM87SR474N 50 

DM87SR474BV 35 

DM87SR474V 50 
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Plastic Chip Carrier (PlCC) 

U') <D ,.... u 8 00 U 
-< -< -< :z > -< :z 

A4 5 25 G 
A3 6 INITS 

A2 7 GS 
A1 C 

AO NC 

NC 07 

00 06 

12 13 14 15 16 17 18 

0 N C U .., ~ U') 
0 :z :z 0 0 0 

C) 

TL/D/9201-3 

Top View 

Order Number DM87SR474V, 474BV 
See NS Package Number V28A 

----Military Temp Range (- 55°C to + 125°C) 
~ - - -

Parameter/Order Number 
Min Address to ClK 

Setup Time (ns) 

DM77SR474BJ 40 

DM77SR474J 55 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee> 
Distributors for availability and specifications. Military 4.50 5.50 V 
Supply Voltage (Note 2) -0.5V 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) -0.5Vto +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 

ESD to be determined. Logical "1" Input Voltage 2.0 5.5 V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice 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. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM77SR474 DM87SR474 

Units 
Min Typ Max Min Typ Max 

I,L Input Load Current Vee = Max, V,N = 0.45V -80 -250 -80 -250 p.A 

I'H Input Leakage Current Vee = Max, V,N = 2.7V 25 25 p.A 

Vee = Max, V,N = 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 

V,L Low Level Input Voltage 0.80 0.80 V 

V,H High Level Input Voltage 2.0 2.0 V 

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

C, Input Capacitance Vee = 5.0V, V,N = 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 mA 

All Outputs Open 

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 p.A 
(TRI·STATE) Chip Disabled 

VOH Output Voltage High IOH = -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 Vce = 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. 
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Switching Characteristics 

Symbol Parameter 
DM77SR474 DM87SR474 

Units 
Min Typ Max Min Typ Max 

tS(A) Address to C (High) I SR474 55 20 50 20 
ns Setup Time I SR474B 40 20 35 20 

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

tS(INITS) INITS to C (High) Setup Time 30 20 25 20 ns 

tH(INITS) INITS to C (High) Hold Time 0 -5 0 -5 ns 

tpHL(C) Delay from C (High) I SR474 15 30 15 27 
ns 

tpLH(C) to Output (High or Low) I SR474B 15 25 15 20 

tWH(C) C Width (High or Low) 
25 13 20 13 ns 

tWL(C) 

tS(GS) GS to C (High) Setup Time 10 0 10 0 ns 

tH(GS) GS to C (High) Hold Time 5 0 5 0 ns 

tpZL(C) Delay from C (High) 
20 35 20 30 ns 

tpZH(C) to Output Active (High or Low) 

tpZL(G"j Delay from G (Low) 
15 30 15 25 ns 

tPZHIG"j to Output Active (High or Low) 

tpLZ(C) Delay from C (High) 
20 35 20 30 ns 

tpHZ(C) to Output Inactive (TRI-STATE) 

tpLZ(G"j Delay from G (Low) _ 15_ ~ __ 30 __ __15_ ___ 25 __ _ __ ns _____ 
~tpHz(Gf- - -to Output Inactive (TRI-STATE)~--~-~ --- -.----~ 

Functional Description 
TESTABILITY TITANIUM·TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As-
circuit is liberally designed to insure adequate power density 

surance Department. These evaluations employ accelerat-
for blowing the fuse links. The complete circuit design is 

ed life tests, including dynamic high-temperature operating 
optimized to provide high performance over the entire oper-

life, temperature-humidity life, temperature cycling, and ther-
ating ranges of Vcc and temperature. 

mal 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 configura-
tions is excellent. 
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~National 
D Semiconductor 
DM77/87SR476 
(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-STATEIB> 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 Diagram 

INIT--f>---~ 

~ --~9---------~ 

84 WORD x 84 BIT 
PROGRAMMABLE FU~ ARRAY 

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 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 
• 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 parameter's guaranteed over temperature 

• Preset input 

Pin Names 

AO-A8 Addresses 

C Clock 

G Output Enable 

GND Ground 

GS Synchronous 
Output Enable 

INIT Initialize 

PS Preset 

00-07 Outputs 

Vee Power Supply 

m ~ ~ M ~ ~ m 00 

TL/D/9202-1 
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Connection Diagrams 

Dual-In-llne Package 

A7 24 Vee 
A6 A8 

A5 PS 
A4 G 
A3 INIT 

A2 GS 
Al C 

AO 07 

00 06 

01 05 

02 14 04 

GND 13 03 

TLlD/9202-2 

Top View 

Order Number DM77/87SR476J, 476BJ, 
DM87SR476N or 476BN 

See NS Package Number J24A or N24A 

Ordering Information 

Plastic Chip Carrier (PlCC) 

III CD !< u J:3 ~ I~ "" "" :z 

A4 5 G 
A3 6 INIT 

A2 7 GS 
Al 8 C 

AO 9 NC 

NC 10 07 

00 11 06 

TLlD/9202-3 

Top View 

Order Number DM87SR476V or 476BV 
See NS Package Number V28A 

Commercial Temp Range (O·C to + 70·C) 

Parameter/Order Number 
Min Address to 
ClK Setup Time 

DM87SR476BJ 35 

DM87SR476J 50 

DM87SR476BN 35 

DM87SR476N 50 

DM87SR476BV 35 

DM87SR476V 50 

Military Temp Range (-55·C to + 125·C) 

Parameter/Order Number 
Min Address to 
ClK Setup Time 

DM77SR476BJ 40 

DM77SR476J 55 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military I Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office I Supply Voltage (Vee) 
Distributors for availability and specifications. Military 4.50 5.50 V 

Supply Voltage (Note 2) -0.5V 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 Temperature (Soldering, 10 sec.) 300°C 
Logical "0" Input Voltage 0 0.8 V 

ESD to be determined Logical "1" Input Voltage 2.0 5.5 V 

Note 1: Absolute Maximum Ratings are those values beyond which the de· 
vice 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. 

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions DM77SR476, 476B DM87SR476,476B Units 
Min Typ Max Min Typ Max 

III 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 -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, Input Grounded 135 185 135 185 mA 
All Outputs Open 

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

102 Output Leakage Vee = Max, Vo = 0.45V to 2.4V -50 +50 -50 +50 /LA (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: 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 2: During los measurements, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Switching Characteristics 

Symbol Parameter 
DM77SR476,476B DM87SR476, 476B 

Units 
Min Typ Max Min Typ Max 

tS(A) Address to C (High) Setup Time I SR476 55 20 50 20 
ns I SR4768 40 20 35 20 

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

tpHL(C) Delay from C (High) to Output I SR476 15 30 15 27 
ns 

tpLH(C) (High or Low) I SR4768 15 25 15 20 

tWH(C) C Width (High or Low) 
25 13 20 13 ns 

tWL(C) 

tS(GS) GS to C (High) Setup Time 10 0 10 0 ns 

tH(GS) GS to C (High) Hold Time 5 0 5 0 ns 

tpLH(PS) Delay from PS (Low) to Output (High) 20 40 20 30 ns 

tpLH(INIT) Delay from INIT (Low) to Output (Low or High) 
20 40 20 30 ns 

tpHL(INlf) 

tWL(PS) PS Pulse Width (Low) 15 10 15 10 ns 

tWL(iNlf) INIT Pulse Width (Low) 15 10 15 10 

tS(PS) PS Recovery (High) to C (High) 25 10 20 10 ns 

tS(iNlf) INIT Recovery (High) to C (High) 25 10 20 10 ns 

tpZL(C) Delay from C (High) to Active Output 
20 35 20 30 __ os_ 

tpZH(C)- (High orLow)-------------··-- ----- - -- ---- -- --- - --

tpZL(G"j Delay from G (Low) to Active Output 
15 30 15 25 ns 

tpZH(G) (High or Low) 

tpZL(C) Delay from C (High) to Inactive Output 
20 35 20 30 ns 

tpHZ(C) (TRI-STATE) 

tpZL(G) Delay from G (High) to Inactive Output 
15 30 15 25 ns 

tpHZ(G) (TRI-STATE) 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As-
circuit is liberally designed to insure adequate power density 

surance Department. These evaluations employ accelerat-
for blowing the fuse links. The complete circuit design is 

ed life tests, including dynamic high-temperature operating 
optimized to provide high performance over the entire oper-

life, temperature-humidity life, temperature cycling, and ther-
ating ranges of Vcc and temperature. 

mal shock. To date, nearly 7.4 million Schottky Ti-W PROM 
device hours have been logged, with samples in Epoxy 8 
molded DIP (N-package), PLCC (V-package) and CERDIP 
(J-package). Device performance in all package configura-
tions is excellent. 
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~National 
D Semiconductor 
DM77/87SR27 
(512 x 8) 4k-Bit Registered TTL PROM 

General Description 
The DM77 /87SR27 is an electrically programmable 
Schottky TIL 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 (<3) 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 Diagram 

AD 
AI 

A2 I OF 64 

A3 
WORD 

DECODER 
A4 

AS 

A6 
A7 

64 WORDx64 BIT 
PROGRAMMABLE FUSE ARRAY 

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 

Pin Names 

AO-A8 Addresses 

C Clock 

G Output Enable 

GND Ground 

GS Synchronous 
Output Enable 

00-07 Outputs 

Vee Power Supply 

Q7 Q6 QS Q4 Q3 Q2 Ql QO 

TL/D/6686-1 
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Connection Diagram 
Dual-In-Llne Package 

A3...l '-./ ~vcc 

A4..l ~A2 

AS.l ~Al 

A6~ ~AO 

A7..1 ~ii 

AS..! .1Lns 

QO...! r1!-c 
Ql...! ~Q7 

Q2-! .1!Qa 

Q3..!2 .!!.Qs 

GNO..ll .E.Q4 

Top View 
TL/D/6686-2 

Order Number DM77/87SR27J, DM77/87SR27BJ, 
DM87SR27N or DM87SR27BN 

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

_~~NS ~a~~age ~lJmber J22!,_ ~ !!2~ ____ ---- - ~ ------~---

Ordering Information 
Commercial Temp Range (O·C to + 70·C) 

Parameter/Order Number 
Min Address to C 
Setup Time (ns) 

DM87SR27BJ 35 

DM87SR27J 50 

DM87SR27BN 35 

DM87SR27N 50 

Military Temp Range (- 55·C to + 125·C) 

Parameter/Order Number 
Min Address to C 
Setup Time (ns) 

DM77SR27BJ 40 

DM77SR27J 55 
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Absolute Maximum Ratings. Operating Conditions 
If Military/Aerospace specified devices are required, Supply Voltage (Vee) 
contact the National Semiconductor Sales Office/ Military 4.5Vto 5.5V 
Distributors for availability and specifications. Commercial 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 Military - 55°C to + 125°C 

Output Voltage (Note 1) -0.5Vto +5.5V Commercial O°Cto + 70°C 

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

Lead Temp. (Soldering, 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, Vec = 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 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 -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, Inputs Grounded 
135 185 135 185 mA 

All Outputs Open 

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

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

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

10H = -6.5mA 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 C SR27 55 20 50 20 
(High) Setup Time 

ns 
SR278 40 20 35 20 

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

tpHL(C) Delay from C (High) SR27 15 30 15 27 

tpLH(C) to Output (High or Low) 
ns 

SR278 15 25 15 20 

tWH(C) C Width (High or Low) 
25 13 25 13 ns 

tWL(C) 

tS(GS) GS to C (High) Setup Time 10 0 10 0 ns 

tH(GS) GS to C (High) Hold Time 5 0 5 0 ns 

tpZL(C) Delay from C (High) 
20 35 20 30 ns 

tpZH(C) 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(C) Delay from C (High) 
20 35 20 30 ns 

tpHZ(C) 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/ll-s 

PWE Programming Pulse Width (Enabled) 9 10 11 Il-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 % 

Functional Description 
TITANIUM-TUNGSTEN FUSES 

National's Programmable Read-Only Memories (PROMs) wide spacings required for other fuse technologies. Care is 
feature titanium-tungsten (Ti-W) fuse links designed to pro- taken, however, to minimize voltage drops across the die 
gram efficiently with only 10.5V applied. The high perform- and to reduce parasitics. The device is designed to ensure 
ance and reliability of these PROMs are the result of fabrica- that worst-case fuse operating current is low enough for 
tion by a Schottky bipolar process, of which the titanium- reliable long-term operation. The Darlington programming 
tungsten metallization is an integral part, and the use of an circuit is liberally designed to insure adequate power density 
on-chip programming circuit. for blowing the fuse links. The complete circuit design is 

A major advantage of the titanium-tungsten fuse technology optimized to provide high performance over the entire oper-

is the low programming voltage of the fuse links. At 10.5V, ating ranges of Vcc and temperature. 

this virtually eliminates the need for guard-ring devices and 
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Functional Description (Continued) 

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 program
ming tests in the final product. A ROM pattern is also per
manently fixed in the additional circuitry and coded to pro
vide 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 en
able gates. All test circuits are available at both wafer and 
assembled device levels to allow 100% functional and para
metric testing at every stage of the test flow. 

RELIABILITY 

As with all National products, the Ti-W PROMs are subject
ed to an on-going reliability evaluation by the Reliability As
surance Department. These evaluations employ accelerat
ed life tests, including dynamic high-temperature operating 
life, temperature-humidity life, temperature cycling, and ther
mal 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 configura
tions is excellent. 

DM77/87SR27 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 and 30 degrees Celsius. 

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
dures 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 asynchronous chip Enable 
input G. Synchronous chip Enable GS should be held 
low throughout the entire programming procedure. 

b) Increase Vee from nominal10.5V (±0.5V) with a slew 
rate between 1.0 V I IJ-s and 10 V I IJ-s. 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 11 V. 
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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 V I IJ-s to 10 V I IJ-s. This voltage 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.) 

d) Enable the device by taking the chip Enable G to a low 
level. This is done with a pulse of 10 IJ-s. The 10 IJ-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 (±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) 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 e 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 enable device is programmed, it is possible to program 
these parts at the board level if all programming parameters are com
plied with. 

ACTest Load 
5.0V 

... 
~, 

RL2 = 1 to - F-

~, 
-F-

RL1 = 3000 

TL/D/SS8S-3 



~National a Semiconductor 
DM77/87SR 181 
(1024 x 8) 8k-Bit Registered TTL PROM 

General Description 
The DM77 187SR 181 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-slave 
registers on chip. This device is organized as 1 024-words by 
8-bits and is available in the TRI-STATEIl!> 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 
DM77/87SR181 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 

The DM77/87SR181 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. 

high before the rising edge of the clock, or if the asynchro- Features 
nous chip enable (G) is held high. The outputs are enabled 
when GS is brought low before the rising edge of the clock - On-chip, edge-triggered registers 
and G is held low. The GS flip-flop is designed to power up - Synchronous and asynchronous enables for word ex-
to the "OFF" state with the application of Vee. pansion 

II Programmable register initialize 
-_._- - Data is read from the PROM by first applying an address to .. --. 24-p· in~ 300· mil package-- -.- -- - -- - - - - -

inputs AO-A9. During the setup time the output of the array 
is loaded into the master flip-flop of the data register. During - 40 ns address setup and 20 ns clock to output for max-
the rising edge (low to high transition) of the clock, the data imum system speed 
is then transferred to the slave of the flip-flop and will ap- II Highly reliable, titanium tungsten fuses 
pear on the output if the output is enabled. Following the _ TRI-STATE outputs 
rising edge clock transition the addresses and synchronous _ Low voltage TRI-SAFETM programming 
chip enable can be removed and the output data will remain _ All parameters guaranteed over temperature 
stable. 

Block Diagram 

AO 
AI 
J.2 
A3 
A4 
A5 

07 06 05 

64 WORDxI28-BIT 
PROGRAMMABLE ruSE ARRAY 

04 03 02 
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QI 00 

TL/D/9195-1 

Pin Names 

AO-A9 Addresses 

C Clock 

G Output Enable 

GND Ground 

GS Synchronous 
Output Enable 

INITS Initialize 

00-07 Outputs 

Vee Power Supply 
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co a: Connection Diagrams 
en ...... 
~ Dual-In-Llne Package ...... ...... 
::E 
C A7 Vee 

A6 2 A8 

A5 3 A9 

A4 4 G 
A3 5 INITS 

A2 GS 
A1 7 C 

AO 8 07 

00 9 06 

01 10 05 

02 11 14 04 

GND 12 13 03 

TL/D/9195-2 

Top View 

Order Number DM77/87SR181J or DM87SR181N 
See NS Package Number J24A or N24A 

Ordering Information 
Commercial Temp Range WC to + 70°C) 

Parameter/Order Number 

DM87SR181J 

DM87SR181N 

DM87SR181V 
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Plastic Leaded Chip Carrier (PLCC) 

11'1 CD ...... 0 ~ DO en 
-< -< -< :z > -< -< 

A4 5 G 
A3 6 INITS 

A2 7 GS 
A1 8 C 

AO 9 NC 

NC 10 07 

00 11 06 

(; N Q 0 .., ..,. 11'1 
0 :z :z 0 0 0 

C) 
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Top View 

Order Number DM87SR181V 
See NS Package Number V28A 

Military Temp Range (-:- 55°C to + 125°C) 

Parameter/Order Number 

DM77SR181J 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military I Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Offlcel Supply Voltage (Vee) 
Distributors for availability and specifications. Military 4.50 5.50 V 

Supply Voltage (Note 2) -0.5V 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 
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 
Logical "1 " Input Voltage 2.0 5.5 V 

ESD rating to be determined. 

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

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

DC Electrical Characteristics (Note 1) 

Symbol Parameter Conditions 
DM77SR181 DM87SR181 

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 rnA 

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

VIL 
-

LowLevellnput Voltage-
-- - ~-- ---- -- ---- -- -0:80 

----- -- ---------- -0.80- - y--- -

VIH High Level Input Voltage 2.0 2.0 V 

Vc Input Clamp Voltage Vcc = Min, liN = -18 rnA -0.8 -1.2 -O.B -1.2 V 

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

TA = 25·C, 1 MHz 

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

T A = 25·C, 1 MHz, Outputs Off 

lec Power Supply Current Vcc = Max, Inputs Grounded 
115 175 115 175 rnA 

All Outputs Open 

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

Output Current (Note 2) 

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

(TAl-STATE) Chip Disabled 

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 apply over the entire operating range unless otherwise noted. All typical values are for Vee = 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. 
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Switching Characteristics 

Symbol Parameter Conditions 
DM77SR181 DM87SR181 

Units 
Min Typ Max Min Typ Max 

tS(A) Address to C (High) Setup Time CL = 30 pF 50 20 40 20 ns 

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

tS(INITS) INITS to C (High) Setup Time 35 20 30 20 ns 

tH(INITS) INITS to C (High) Hold Time 0 -5 0 -5 ns 

tpHL(C) Delay from C (High) 
15 30 15 20 ns 

tpLH(C) to Output (High or Low) 

tWH(C) C Width (High or Low) 
25 13 20 13 ns 

tWL(C) 

tS(GS) GS to C (High) Setup Time 15 0 15 0 ns 

tH(GS) GS to C (High) Hold Time 5 0 5 0 ns 

tpZL(C) Delay from C (High) CL = 30 pF 
20 30 20 25 ns 

tpZH(C) 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(C) Delay from C (High) CL = 5 pF (Note 1) 
20 30 20 25 ns 

tpHZ(C) to Inactive Output (TRI-STATE) 

tpLZ(G) Delay from G (High) 
15 30 15 25 ns 

tpHZ(G) to Inactive Output (TRI-STATE) 

Note: All typical values are for Vcc = 5V, T A = 25°C. 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As- circuit is liberally designed to insure adequate power density 
surance Department. These evaluations employ accelerat-

for blowing the fuse links. The complete circuit design is 
ed life tests, including dynamic high-temperature operating 

optimized to provide high performance over the entire oper-
life, temperature-humidity life, temperature cycling, and ther-

ating ranges of Vcc and temperature. 
mal 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 configura-
tions is excellent. 
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Connection Diagrams 
Dual-In-llne Package 

A7 1. 

As 

AS 

A4 

A3 

A2 

A1 

AO 

00 

D1 
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GND 
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23 
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17 

1S 

15 

14 

13 

Top View 

Vee 
AS 

A9 

G 
INIT 

Os 

07 

06 

05 

04 

03 

TL/D/8351-2 

Order Number DM77/87SR183J, 183BJ, 
DM87SR183N or 183BN 

See NS Package Number J24A or N24A 

Ordering Information 

Plastic leaded Chip Carrier (PlCC) 

A4 5 G 
A3 6 INIT 

A2 7 Gs 
A1 8 C 

AO 9 NC 

NC 10 07 

00 11 06 

TL/D/8351-8 

Top View 

Order Number DM87SR183V or 183BV 
See NSPackage Number V28A 

Commercial Temp Range (O·C to + 70·C) 

Parameter/Order Number 
Min Address to ClK 

Setup Time (ns) 

DM87SR183BJ 35 
DM87SR183J 40 
DM87SR183BN 35 
DM87SR183N 40 
DM87SR183BV 35 
DM87SR183V 40 

Military Temp Range ( - 55·C to + 125·C) 

Parameter/Order Number 
Min Address to ClK 

Setup Time (ns) 

DM77SR183BJ 40 
DM77SR183J 45 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Militaryl Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Offlcel Supply Voltage (Vee> 
Distributors for availability and specifications. Military 4.50 5.50 V 
Supply Voltage (Note 2) -0.5V 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 
Commercial 0 +70 ·C 

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

Lead Temperature (Soldering, 10 sec.) 300·C 
Logical "1" Input Voltage 2.0 5.5 V 

ESD rating to be determined 

DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 
DM77SR183,183B DM87SR183,183B 

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., IOL = 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 

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

--C1-- Input Capacitance ----- -Vee =-5.0V,-VIN= 2.0V -.~ .. - -- -- ----- ---- --- - -- - -- - - ------

TA = 25·C, 1 MHz 
4.0 4.0 pF 

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

T A = 25·C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max., Inputs Grounded 
135 185 135 185 mA 

All Outputs Open 

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

Output Current (Note 4) 

loz Output Leakage Vee = Max., Va = 0.45V to 2.4V 
-50 +50 -50 +50 p.A 

(TRI-STATE) Chip Disabled 

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

IOH = -6.5 rnA 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 = 2S'C. 

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 

Symbol Parameter 
DM77SR183,183B DM87SR183,183B 

Units 
Min Typ Max Min Typ Max 

tS(A) Address to C (High) Setup Time I SR183 45 20 40 20 

I 
ns 

SR1838 40 20 35 20 

tHeA) Address to C (High) Hold Time 0 -5 0 -5 ns 

tpHL(C) Delay from C (High) to Output I SR183 15 30 15 25 
ns 

tpLH(C) (High or Low) I SR1838 15 25 15 20 

tWH(C) C Width (High or Low) 
20 10 15 10 ns 

tWL(C) 

tS(GS) GS to C (High) Setup Time 15 0 15 0 ns 

tH(GS) GS to C (High) Hold Time 5 0 5 0 ns 

tpLH(INIT) Delay from INIT (Low) to Output (Low or High) 
20 35 20 30 ns 

tpHL(iNiT) 

tWL(INlf) INIT Pulse Width (Low) 30 10 25 10 ns 

tS(iNlf) INIT Recovery (High) to C (High) 20 10 20 10 ns 

tpZL(C) Delay from C (High) to Active 
20 35 20 30 ns 

tpZH(C) Output (High or Low) 

tpZL(G) Delay from G (Low) to Active 
20 35 20 30 ns 

tpZH(G) Output (Low or High) 

tpLZ(C) Delay from C (High) to Inactive Output 
20 35 20 30 ns 

tpHZ(C) (TRI-STATE) 

tpLZ(G) Delay from G (High) to Inactive Output 
20 35 20 30 ns 

tpHZ(G) (TRI-STATE) 

Functional Description 
TESTABILITY TITANIUM·TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As- circuit is liberally designed to insure adequate power density 
surance Department. These evaluations employ accelerat- for blowing the fuse links. The complete circuit design is 
ed life tests, including dynamic high-temperature operating optimized to provide high performance over the entire oper-
life, temperature-humidity life, temperature cycling, and ther-

ating ranges of VCC and temperature. 
mal shock. To date, nearly 7.4 million Schottky Ti-W PROM 
device hours have been logged, with samples in Epoxy 8 
molded DIP (N-package), PLCC (V-package) and CERDIP 
(J-package). Device performance in all package configura-
tions is excellent. 
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~National 
~ Semiconductor 
DM77/87SR191 (2k x 8) 
16k-Bit Registered TTL PROM 
General Description 
The DM77/B7SR191 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-slave 
registers on-chip. This device is organized as 2k words by 8 
bits and is available in the TRI-STATEQIl output version. De
signed to optimize system performance, this device also 
substantially reduces the cost and size of pipelined micro
programmed systems and other designs wherein accessed 
PROM data is temporarily stored in a register. The 
DM77/B7SR191 also offers maximum flexibility for memory 
expansion and data bus control by providing either synchro
nous or asynchronous output enables. When using the 
asychronous chip select function, all outputs will go "OFF" 

The DM77SR191 also features an initialize INITS. The ini
tialize function provides the user with an extra word of pro
grammable memory which is accessed with single pin con
trol by applying a low on INITS. With the synchronous initial
ize function of the SR 191, 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 unpro
grammed state of the initialize word is all lows. 

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

when G is held high. The output will be enabled when G is Features 
held low. When architecturally programmed to synchronous 
chip select, all outputs will go "OFF" synchronous to the - SR191 functionally compatible with AM27S47 
clock if GS is held high before the rising edge of the clock. - On-chip, edge-triggered registers. 
The output will synchronously be enabled if held low before - Architecturally programmable asynchronous/synchro-
the rising edge of the clock. The GS flip-flop is designed to nous chip .select. 
p_()'I/!3ru!l to the "OfF"_sta!e_ withthe_application_oLYee. ___ III __ Sit:lgl~J?!!1Jf\JJT!A~IZ.E ______ . ___ . ___ _ 
Data is-r;;d fr~m-the-PROM by first applying an address to - 24-pin, 300 mil thin-dip package. 
inputs AO-A 10. During the set-up time the output of the - 25 ns addresses setup and 15 ns clock to output for 
array is loaded into the master flip-flop of the data register. maximum system speed 
During the rising edge (low to high transition) of the clock, _ Highly reliable, titanium tungsten fuses 
the data is then transferred to the slave of the flip-flop and _ TRI-STATE outputs 
will appear on the output if the output is enabled. Following _ Low voltage TRI-SAFETM programming 
the rising edge clock transition the addresses and synchro- _ All parameters guaranteed over temperature 
nous chip enable can be removed and the output data will 
remain stable. 

Block Diagram 

C7 CS CS 

128 WORD 128-81T 
PROCRAWWASLE rUSE ARRAY 

C3 C2 
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CI CO 

TL/D/5512-1 

Pin Names 

AO-A10 Addresses 

C Clock 

GND Ground 

GS/G Synchronous 
Output Enable 

INITS Synchronous 
Initialize 

00-07 Outputs 

Vee Power Supply 

I • 
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Connection Diagrams 
Dual-ln-L1ne Package Plastic leaded Chip Carrier (PlCC) 

A7 Vee 
AS AS 

AS A9 

A4 AID 

A3 INITS 

A2 Gs;G 
Al C 

AD 07 

00 as 
01 as 
02 04 

GND 03 

TL/D/5512-2 

Top View 

Order Number DM77/87SR191J or DM87SR191N 
See NS Package Number J24A or N24A 

Ordering Information 

A4 

A3 

A2 

Al 

AD 

NC 

00 

Top View 

Order Number DM87SR191V 
See NS Package Number V28A 

Commercial Temp Range (O·C to + 70·C) 

Parameter/Order Number 
Min Address to ClK 

Setup Time 

DM87SR191J 18 
DM87SR191N 18 
DM87SR191V 18 

Military Temp Range (-55·C to + 125·C) 

Parameter/Order Number 

DM77SR191J 

4-156 

Min Address to ClK 
Setup Time 

25 

AID 

INITS 

Gs/G 
C 

NC 

07 

as 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee> 
Distributors for availability and specifications. Military 4.50 5.50 V 
Supply Voltage (Note 2) -0.5V 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 Temperature (10 seconds) 300·C Logical "0" Input Voltage 0 0.8 V 

ESD rating to be determined. 
Logical "1" Input Voltage 2.0 5.5 V 

DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 
DM77SR191 DM87SR191 

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 rnA 

VOL Low Level Output Voltage Vee = Min., 10L = 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 

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;-lMHz --
_ .. -- --- ._- ._--

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 
S.O S.O pF 

T A = 25°C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max., Inputs Grounded 
140 190 140 190 rnA 

All Outputs Open 

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

Output Current (Note 4) 

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

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

10H = -S.5mA 2.4 3.2 V 

Nota 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. 
Nota 2: These limits do not apply during programming. For the programming ratings, refer to the programming Instructions. 
Nota 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vce = S.OV and TA = 2S'C. 

Nota 4: 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 
DM77SR191 DM87SR191 

Units 
Min Typ Max Min Typ Max 

tS(A) Address to C (High) Setup Time 25 12 18 12 ns 

tH(A) Address to C (High) Hold Time 0 -3 0 -3 ns 

tpHL(C) Delay from C (High) to Output (High or Low) 
6 

tpLH(C) 
15 6 10 ns 

tWH(C) Clock Width High I 8 3 5 3 ns 

tWL(C) Clock Width Low 12 6 9 6 ns 

tS(GS) GS to C (High) Setup Time (Note 5) 15 2 10 2 ns 

tH(GS) GS to C (High) Time (Note 5) 5 -2 5 -2 ns 

tH(INITS) INITS to C (High) Hold Time -5 0 -5 ns 

tS(INITS) INITS to C (High) Setup Time 15 5 15 5 ns 

tpZL(C) Delay from C (High) to Active Output (High or Low) 
6 20 6 15 ns 

tpZH(C) (Note 5) 

tpZL(G"j Delay from G (Low) to Active Output (Low or High) (Note 6) 
6 

tpZH(G"j 
20 6 15 ns 

tpLZ(C) Delay from C (High) to Inactive Output (TRI-STATE) 
6 20 6 15 ns 

tpHZ(C) (Note 5) 

tpLZ(G"j Delay from G (High) to Inactive Output (TRI-ST ATE) (Note 6) 
6 

tpHZ(G) 
20 6 15 ns 

Note 5: Applies only when asynchronous ENABLE (GS) function is used. 
Note 6: Applies only when synchronous ENABLE (<3) function is used. 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metalization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As- circuit is liberally designed to insure adequate power density 
surance Department. These evaluations employ accelerat- for blowing the fuse links. The complete circuit design is 
ed life tests, including dynamic high-temperature operating optimized to provide high performance over the entire oper-
life, temperature-humidity life, temperature cycling, and ther- ating ranges of Vcc and temperature. 
mal shock. To data, nearly 7.4 million Schottky Ti-W PROM 
device hours have been logged, with samples in Epoxy 8 
molded DIP (N-package), PLCC (V-package) and CERDIP 
(J-package). Device performance in all package configura-
tions is excellent. 

; 
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Connection Diagrams 

Dual-ln-L1ne Package 

A7 Vee 
A6 A8 

A5 A9 

A4 AID 

A3 INIT 

A2 GiGs 
Al C 

AD 07 

00 06 

01 10 05 

02 11 04 

GND 12 03 

TLlD/9711-2 

Top VIew 

Order Number DM77/87SR193J, 193N 
See NS Package Number J24A or N24A 

Ordering Information 
CommercIal Temp Range (O°C to + 70°C) 

MIn Address to 
Parameter/Order Number 

ClK Setup TIme (ns) 

DM87SR193J 18 

DM87SR193N 18 

DM87SR193V 18 

4-160 

A4 

A3 

A2 

Al 

AD 

NC 

00 

Plastic leaded Chip Carrier (PlCC) 

4 3 2 1 28 27 26 

25 

9 

10 

Top VIew 

Order Number DM87SR193V 
See NS Package Number V28A 

AID 

INIT 

GiGs 
C 

NC 

07 

06 

TL/D/9711-3 

Military Temp Range ( - 55°C to + 125°C) 

Parameter/Order Number 

DM77SR193J 

MIn Address to 
ClK Setup TIme (ns) 

25 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military I Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Offlcel Supply Voltage (Vee> 
Distributors for availability and specifications. Military 4.50 5.50 V 
Supply Voltage (Note 2) -0.5Vto +7.0V Commercial 4.75 5.25 V 

Input Voltage (Note 2) -1.2Vto +5.5V Ambient Temperature (T A) 

Output Voltage (Note 2) -0.5Vto +5.5V Military -55 +125 °C 
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 
Logical "1" Input Voltage 2.0 5.5 V 

ESD rating to be determined 

DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 
DM77SR193 DM87SR193 

Units 
Min Typ Max Min Typ Max 

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

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

Vee = Max, VIN = 5.5V 1.0 1.0 rnA 

VOL Low Level Output Voltage Vee = Min, IOL = 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 

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

~I- Inpu~Capacitance Vee = 5~OV, 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 

lee Power Supply Current Vee = Max, Inputs Grounded 
140 190 140 190 rnA 

All Outputs Open 

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

Output Current (Note 4) 

loz Output Leakage Vee = Max, Va = 0.45V to 2.4V 
-50 +50 -50 +50 IJ-A (TRI-STATE) 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: 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 = 25'C. 

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 

Symbol Parameter 
DM77SR193 DM87SR193 

Units 
Min Typ Max Min Typ Max 

tS(A) Address to C (High) Setup Time 25 12 18 12 ns 

t~(A) Address to C (High) Hold Time 0 -3 0 3 ns 

tpHL(C) Delay from C (High) to Output (High or Low) 
6 15 6 10 ns 

tpLH(C) 

tWH(C) CWidth High 8 3 5 3 ns 

tWL(C) CWidth Low 12 6 9 6 ns 

tS(GS) GS to C (High) Setup Time (Note 5) 15 2 10 2 ns 

tH(GS) GS to C (High) Time (Note 5) 5 -2 5 -2 ns 

tpLH(INIT) Delay from INIT (Low) to Output (Low or High) 
8 20 8 15 ns 

tpHL(iNlf) 

tWL(iNlf) INIT Pulse Width (Low) 10 5 10 5 ns 

tS(iNlf) INIT Recovery (Low or High) to C (High) (Note 6) 15 6 15 6 ns 

tpZL(C) Delay from C (High) to Active Output (High or Low) 
6 20 6 15 ns 

tpZH(C) (Note 5) 

tPZL(G"j Delay from G (Low) to Active Output (Low or High) 
6 20 6 15 ns 

tPZH(G) (Note 6) 

tpLZ(C) Delay from C (High) to Inactive Output (TRI-STATE) 
6 20 6 15 ns 

tpHZ(C) (Note 5) 

tpLZ(G) Delay from G (High) to Inactive Output (TRI-STATE) 
6 20 6 15 ns 

tpHZ(G) (Note 6) 

Note 5: Applies only when asynchronous ENABLE (~) function is used. 

Note 6: Applies only when synchronous ENABLE (G) function is used. 

Functional Description 
TESTABILITY TITANIUM-TUNGSTEN FUSES 

The Schottky PROM die includes extra rows and columns of National's Programmable Read-Only Memories (PROMs) 
fusable links for testing the programmability of each chip. feature titanium-tungsten (Ti-W) fuse links designed to pro-
These test fuses are placed at the worst-case chip locations gram efficiently with only 10.5V applied. The high perform-
to provide the highest possible confidence in the program- ance and reliability of these PROMs are the result of fabrica-
ming tests in the final product. A ROM pattern is also per- tion by a Schottky bipolar process, of which the titanium-
manently fixed in the additional circuitry and coded to pro- tungsten metallization is an integral part, and the use of an 
vide a parity check of input address levels. These and other on-chip programming circuit. 
test circuits are used to test for correct operation of the row A major advantage of the titanium-tungsten fuse technology 
and column-select circuits and functionality of input and en- is the low programming voltage of the fuse links. At 10.5V, 
able gates. All test circuits are available at both wafer and this virtually eliminates the need for guard-ring devices and 
assembled device levels to allow 100% functional and para- wide spacings required for other fuse technologies. Care is 
metric testing at every stage of the test flow. taken, however, to minimize voltage drops across the die 

RELIABILITY and to reduce parasitics. The device is designed to ensure 

As with all National products, the Ti-W PROMs are subject-
that worst-case fuse operating current is low enough for 
reliable long-term operation. The Darlington programming 

ed to an on-going reliability evaluation by the Reliability As-
circuit is liberally designed to insure adequate power density 

surance Department. These evaluations employ accelerat- for blowing the fuse links. The complete circuit design is 
ed life tests, including dynamic high-temperature operating optimized to provide high performance over the entire oper-
life, temperature-humidity life, temperature cycling, and ther-

ating ranges of VCC and temperature. 
mal 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 configura-
tions is excellent. 
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~----------------------------------------------------------~m 

~National 
D Semiconductor 
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 PLCC size, reduces board density and weight. 

4. Lower noise and improved frequency response resulting 
from shorter circuit paths. Automated assembly ensures 
accurate component placement whi~h improves reliabil
ity and provides more consistent product quality. 

Additional Information 
National Semiconductor offersa'yarie.tyof 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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§ PROM 
A. -
~ 
1: 
lJ 
a. :c 
u 

Device 

DM74S188OC 
DM74S288TS 

PL87X288TS 

Size 
(Blta) 

256 

256 

1K 

Configuration 

32 X 8 

32 X 8 

256 X 4 

Serles-20 Selection Chart 

TAA (max) In ns 

STD A-Series 

35 25 

50 30 

a-Series 

15 

ICC 
max 

InmA 

110 

140 

130 

DIP 
pins 

16 

16 

16 1 DM74S287 TS 
i DM74S387 OC 
.... u 1---------~--~----_+------------+_----~--------4_--------~----~----~ 

DM74S570OC 55 45 - 130 16 
Col DM74S571 TS 2K 512 X 4 55 45 35 i DM74LS471 TS 2K 256 X 8 60 - - 100 20 A. 1--------~~--~~~_+----~--~--+_~~~--------+_--------~----_1----__; 

DM74S572OC 60 45 - 140 18 
.5 DM74S573TS 4K 1,024 X 4 60 45 35 140 18 
~ 1--~D~M~7-4~S4~7~2~T~S--~----~------------+--6~0~~---4~5--~~--3~5----~-1-5~5--+---20--~ 

- 4K 512 X 8 1 1 ___ D_M_7_4_S4_7_3_0~C~~------+------------+--_55--~----45----+_--_----__ ~--1_5_5 __ ;-__ 2_0__; 
Q DM87S184OC 55 45 -- 140 18 
:IE DM87S185 TS 8K 2048 X 4 55 45 35 140 18 
o 
~ 
A. .. 
i 
ii 

512xa 745472.745473 

Device 

DM74S474 TS 
DM74S475OC 

DM87SR474 REG 
DM87SR476 REG 

DM87S1800C 
DM87S181 TS 
DM87SR181 REG 
DM87SR183 REG 

DM87SR191 REG 
DM87SR193 REG 
·setup~me 

Size 
(Bits) 

4K 

4K 

8K 

16K 

Serles-24 Selection Chart 

Configuration 

512 X 8 

512 X 8 

1024 X 8 

TAA (max) In ns 

STD A-Series a-Series 

65 

50· 

55 
55 
40· 
40· 

25· 
25· 
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45 35 

35· 

45 

35· 

ICC 
max 

InmA 

170 

170 

170 

DIP 
pins 

24 

24 

24 

PLCC 
pins 

20 

PLCC 
pins 

28 



Plastic Leaded Chip Carrier 

/ 

// ~ lKX8 875180,875181 / / / Ag 

512X8 '45414,'45475 / / / / A, A, A, NC Vee A. NC ~ _l.a_l.a_l.a_l.a _____ .... 

////(lIJl]m~§IIili§l'\ 
A. rn lB G1 G1 A10 A10 

W A3 : , G2 ~ I G2 G1 G1 

IT] A2 : [ill : G3 G3 G2 All 

IT] AI: 28 PIN PKG [ill :<;4 G4 G3 E2 

AO: IT] [ill ~ NC 

NC : iIQ] ~ ~ °7 

00 : ffi] D!! ~ 06 

01 02 GND NC 03 0. Os ~~~~~~~~~ 

-- ------- TL/O 19261-6 --

FIGURE 5, Bipolar PROM Pinout 

Plastic Leaded Chip Carrier 

2KX8 775R193 / Vee As Ag 

2KX8 775R191 / / Vee As Ag 

87SR'S"::::::: /jj~ :: :: :: ~ 
775R474 / / / / / As A6 A7 NC Vee As NC ~ _ .... _ .... _ .... _ .... __ ...... _-

lKX8 

512X8 

512X8 

/ / / / / ( lIJ llJ llJ P"I ~ @J ~_\-1-I---T--T-~~ 
,--t--+--+---I A. rn u lm G G G A10 A10 

I--t--+--+---I A3 ~ 1m INIT INITS INIT 

I-+--+--+--t A2 U1 ~ GS GS Glos Glos GS 

.-+--+--+--t Al'm 28 PIN PKG ~ C 1----4--+--+-1 

I-+--+--+--t Ao m ~ NC 1----4--+--+_1 

I-+--+--+--t NC UQ] ~ 07 1----4--+--+_.1 

I-+--+--+--t 00 !ill S 06 ~-+--+--J--I 

~~ fi!l ~J.i!.l @l @l @l @l W 
~ Q, Q, GNO NC Q, Q, Q'~ 

NC = NO CONNECTION TL/0/9261-7 

FIGURE 6, Bipolar Registered PROM Pinout 
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~r-------------------------------------------------------------------------------. o 
~ Programming Support 
e:. PROM devices may be programmed with hardware and 

software readily available in the market. Most programmer 
manufacturers will offer a PLCC adapter which will fit in ex
isting equipment. For the availability of PLCC adapter 

.. 
ta 
'0 
D. 
iii 

please check with your programmer manufacturer. 

Programming Equipment 
1. Data 1/0 

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 /J-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 /J-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 k!l 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 /J-s. The 10 /J-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 (±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. 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 Vecat
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. 
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Programming Parameters Do not test or you may program the device 

Symbol Parameters Conditions Min 
Recommended 

Max Units 
Value 

Vccp Required Vcc for Programming 10.0 10.5 11.0 V 

Iccp Icc during Programming Vcc = 11V 750 mA 

VOP Required Output Voltage 
10.0 10.5 11.0 V 

for Programming 

lop Output Current while VOUT = 11V 
20 mA 

Programming 

IRR Rate of Voltage Change of 
1.0 10.0 V/IJ-s 

V cc or Output 

PWE Programming Pulse Width 
9 10 11 IJ-s (Enabled) 

Vccv Required Vcc for Verification 5.8 6.0 6.2 V 

Vccv Required Vcc for Verification 3.8 4.0 4.2 V 

Moc Maximum Duty Cycle for 
25 25 % 

Vccat Vccp 

Programming Waveforms Non-Registered PROM 
T1 = 100 ns Min. VIH x::::. T 2 = 5 /Ls Min. T2 may be > 0 If ADDRESS 

VIL_X 
SELECTED ADDRESS STABLE 

Vccp rises at the same rate or INPUTS 
faster than (Vop) 

Tl ~ 
Ta - 100 ns Min. Vee 5.0V Veep-- I T4 = 100 ns Min. Veev~ 
Ts = 100 ns Min. t:: T2 --j I- T5 

PWE Is repeated for 5 additional PROGRAMMED V VOP---i tmzzJ 
OUTPUT V" 222?ii2222~ ::EZZZZZZZ: pulses after verification of VOH Indi- OL :j I-T 4 OUTPUT cates a bit has been programmed. V T3 I- VERIFY 

ENABLE IHliI/ 

V
IL -l I-PWE 

NOTE: ENABLE WAVEFORM FOR AN ACTIVE LOW ENABLE. 
SOME PROMS HAVE MORE THAN ONE CHIP ENABLE. 
HOLD ALL OTHER ENABLE(S) TO ACTIVE STATE(S). 

TL/OO/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
served: 

1. Programming should be attempted only at ambient tem
peratures between 15°C and SO"C. 

2. Address and Enable inputs must be driven with TTL logic 
levels during programming and verification. 

S. 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 asynchronous chip Enable 
input G. ~ is held 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 / 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 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 VI 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 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 (~) to a 
low level. This is done with a pulse of 10 ILs. The 10 ILs 
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 (± O.2V) for a second verification. Verification 
at Vee levels of 4.0V and 6.0V will guar~ntee 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 mIT 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 highest or
der address input from the PROM programmer and ap
plying it to the m input. 

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. 
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Programming Parameters Do not test or you may program the device 

Symbol Parameters Conditions Min 
Recommended 

Max Units 
Value 

Vccp Required Vcc for Programming 10.0 10.5 11.0 V 

Iccp Icc during Programming Vcc=11V 750 mA 

VOP Required Output Voltage 
10.0 10.5 11.0 V 

for Programming 

lop Output Current while VOUT = 11V 
20 mA 

Programming 

IRR Rate of Voltage Change of 
1.0 10.0 V/p.s 

Vcc or Output 

PWE Programming Pulse Width 
9 10 11 p.s 

(Enabled) 

VCCVH Required High Vcc for Verification 5.8 6.0 6.2 V 

VCCVL Required Low Vcc for Verification· 3.8 4.0 4.2 V 

Moc Maximum Duty Cycle for 
25 25 % 

VccatVccp 

'See DM87SR191/193 and DM77SRI91 1193 for correct voltage. 

Programming Waveforms Registered PROM 

ADDRESS VB ~ x:: INPUTS V
il 

SELECTED ADDRESS STABLE 

T1~ 
I Vee 50V VCCP--

V~cv 222 22 22~ 

PROGRAMMED 1;T2 -l I- T5 

OUTPUT ~OH :;z?!??wj a:: kl222222 , 
Ol . :j I-T4 OUTPUT 

G 
V T3 I- VERIFY 

IH iiI/ 
ENABLE VIL 

PWE-l I- -l T6 r-
ClK n CLOCK 

TL/OO/2506-2 

T, = 100 ns Min. 

T 2· = 5 pos 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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Standard Test Loads 
Non-Registered PROMs 

Vee 

~
1 

OUTPUT TEST POINT 

R2 
C=30pF 

-=GRD 
TL/OO/2506-3 

Switching Tillie Waveforms 
Non-Registered PROM 

3.OV7777V 
ADDRESS OV ~ . VALID 

I==TAA:=1 
OUTPUT 30Y nx :i-~-.. -.-.-t=-~-z;""">-
ENABLE 'OV _ •••••• 1(. X ......... _ 

TL/OO/2506-4 

Registered PROMs 

°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) 

°T AA is measured with stable enable inputs. 

TLIOO/2506-8 

°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, R1 = 400n and R2 = 800n. 

Switching Waveforms Registered PROM O"C" includes scope and jig capacitance. 

- _____ _________ -jtH(AL~-~ts(A)-1~(A) t- ------ - 3V 

Ao-Ag ______________ .....;I~_~ I XXXXxxxXXXX 1.5V 

~~----~~~~:(~:~J:~_(~~)lE~~~~:(~:)UJ[~_(~_)lE2222~~~==========:: ~ ____ /_7~1 )\\" r lXX\ ' r 1777777777 ~;v 
~(~) ~(~) I- t (CP) b 

lwt.(CP) WL ----~~I -~~"'~~======= ~~v CP 

I--tpHL(CP)=:l r- tpHZ(G) j I- tpZH(G) -j ov 

I xCJ:~~]5'~~~--.:=.a:r:==t::xl I ) ) )o.5vl <IE ~~~ 
I--tPLH(CP)::/ ~ tPLZ(G) ::j0.5Vt tPZL(G) -I :~L 

G -l ~(iNrT) I- I \ ..... ____ 1.5V 
- OV _ ~(iNiT>+- I 3V 

INIT -m I"Z,.,/~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::= 1.5V 

Key To Timing Diagram 
Waveform Inputs 

Must Be 
Steady 

May Change 

from H to L 

May Change 
from L to H 

Outputs 

Will Be 
Steady 

Will Be 
Changing 
from H to L 

Will Be 
Changing 
from L to H 
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Programming Parameters Do not test or you may program the device 

Symbol Parainetera Conditions Min 
Recommended 

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 
Vour = 11V Programming 

IRR Rate of Voltage Change of 
1.0 

Vee or Output 

PWE Programming Pulse Width 
9 10 

(Enabled) 

Vccv Required Vcc for Verification 3.8 4.0 
5.8 6.0 

Moe Maximum Duty Cycle for 
25 

VccatVccp 

Programming Waveforms Registered PROM 

~ ~ SELECTED ADDR~S STABLE x::: 
v Vccp·-~~·r . ? 

Vee 5~ 2212/?!j I 
.t T2 -IT5!-

PROGRAUWm V Vop·---·~ • 
OUTPUT V: ~----I'/ '////// 1 T 41+- OUTPUT - T 3 I+- VERIFY 

ENAB~lII/ J 
-I PM I- -l I-T

6 
eLK n CLOCK 

T1 = 100 ns Min. 

T 2 = 5 I's Min. (T2 may be > 0 if Vccp rises at the seme rate or faster than VoP.) 

T3 = 100 ns Min. 

T4 - 100 ns Min. 

Ts = 100 ns Min. 

Ta =- 50 ns Min. 
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Max Units 

11.0 V 

750 mA 

11.0 V 

20 mA 

10.0 VlILS 

11 ILs 

4.2 
V 

6.2 

25 % 

TL/OO/2S06-9 



Approved Programmers for NSC PROMs 
Manufacturer System # 

DATA lID 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-- -- -_. - - (5 x10-8)- -- --- -- - -- - Hermetic--· -- -

Gross 0.4 

"Includes 160 hours of burn-In at 125'C. 
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B+ PROGRAM 

Condition 

25°C 

Each 
Temperature 

Extreme 

25°C 

Critical 

Major 

Fine Leak 
-(5 x 10-8) 

Gross 

Guaranteed 
LOTAQL5 

0.05 

0.05 

0.4 

0.Q1 

0.28 

0.4 
-- ~---.--------~ -

0.4 
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Isoplanar-Z 
Junction Fuse 
PrinCiples and 
Programming 

Conventional fusible link bipolar PROMs and programmable 
logic devices are based upon two dimensional matrices of 
electrically conductive thin film fusible elements of materials 
such as nichrome, titanium tungsten, platinum silicide or 
polysilicon. Each of these thin film technologies has its own 
unique advantages and disadvantages but all have in com
mon the fact that fuses lie flat on the surface of the silicon 
and therefore occupy a significant portion of silicon area. 
Cell area has become increasingly important as device den
sities have grown from 4K to 64K. Manufacturing cost, 
yields and performance are all directly related to die size 
which is a strong function of cell area. Previously, reductions 
in cell area have been accomplished primarily through im
provements in photolithographic techniques. Such tech
niques have been pushed to their limits to produce high 
density, cost effective programmable memories and logic. 
The need to shrink cell sizes, especially in higher density 
devices, is placing severe strains on the manufacturability of 
thin film fuses. 

Junction fuses are the emerging solution to the inherent 
problems posed by thin film fuses. A junction fuse is simply 
a PN junction programmable cell. The emitter-base junction 
of a floating base NPN transistor acts as the fuse element. 
Because fuses are single vertical transistors (hence the of
ten used name of vertical fuses), they occupy minimal sili
con area. The entire fuse structure can essentially be mod
eled as two diodes connected back-to-back. Before pro
gramming, a high impedance (open) path exists between 
the emitter and collector. The emitter-base diode is reverse 
biased, preventing read currents from passing through the 
fuse. During programming, the emitter-base junction is 
shorted out, leaving a forward biased base-collector (B-C) 
diode. This diode now appears as a low impedance (closed) 
path. The fuse junction lies beneath the surface of the sili
con so all of the potential thin film fuse related failure modes 
such as metal migration (growback), freeze out, corrosion, 
marginally opened fuses and passivation scattering have 
been eliminated. 

The major problem encountered in early P-N junction pro
grammable junction fuse development was the requirement 
of a large cell programming current (typically 200 mA per 
cell). This large current meant that large transistors were 
needed in the peripheral programming circuitry. The gain in 
array size reduction due to small cells was offset by the 
need for a larger peripheral programming circuitry which, in 
turn, translated to larger overall die size and higher die cost. 
The costs were such that, despite their reliability advan
tages, these devices were never widely commercially ac
cepted. 

The most straightforward method to achieve reductions in 
cell programming current is to use small emitter cells. A 
small emitter cell increases the effective current density at 
the emitter-base junction therefore decreasing the overall 
energy required to program the cell. To reduce emitter size 
and programming currents without the use of advanced 
photolithographic equipment, National adopted a simple so-

National Semiconductor 
Application Note 525 

lution, use a walled emitter cell and an oxide isolated Isopla
nar process. With oxide isolation, emitter sizes are defined 
by the oxide opening and as a result are self aligned, easing 
manufacturing tolerances. 

The main advantages of the Isoplanar-Z process are due to 
the use of oxide encroachment. The cell emitter is defined 
using standard photolithography. The surrounding oxide is 
then laterally grown, shrinking the emitter area and decreas
ing the effective cell size. Very small self aligned emitter
base junction areas can be achieved quite easily with the 
encroachment technique. An added benefit of oxide en
croachment is that the higher thermal resistivity of the sili
con dioxide which surrounds the cells, as compared to sili
con, reduces heat loss during programming. This thermal 
insulation effect further reduces the current required to pro
gram a cell. Typical programming currents of 60 mA or be
low are easily achieved using the Isoplanar-Z process. 

Results of reliability and programming yield testing have 
been excellent. Data have demonstrated typical program
ming yields in excess of 99% on a 16,384-bit PROM and no 
cell related failures in over 63 billon cell hours of life test. 

PROGRAMMING A JUNCTION FUSE 

Programming a junction fuse is accomplished by driving a 
controlled current through the emitter of the cell, inducing 
avalanche breakdown of the emitter-base junction. Heat lo
cally generated at the reverse biased junction causes the 
Aluminum-Silicon interface to reach the AI-Si eutectic soli
dus (melting) temperature of approximately 575°C. The 
electrically conductive aluminum eutectic then diffuses 
down through the emitter to the emitter-base junction, form
ing a permanent short. 

The amount of energy required to program a cell is depen
dent upon encroachment variations. Different methods can 
be used to supply the varying amount of energy required to 
program junction fuses. One method is a pulse-read tech
nique, whereby a series of energy pulses of increasing mag
nitude or duration are applied to the cell. Each pulse applies 
a specific amount of energy to the cell's emitter-base junc
tion, successively heating the junction until the cell emitter 
reaches the Aluminum-Silicon eutectic temperature. Once 
this temperature is reached, migration occurs and the junc
tion shorts. A read is performed after each pulse to detect if 
the fuse has blown. If additional energy is needed to pro
gram any cell, more pulses are applied until the cell blows. 

National has approved a current-pulse technique for users 
with digital requirements. In this method, differences in re
quired programming energy are accounted for by increasing 
the current amplitude of each subsequent current pulse until 
programming is achieved. A read is performed after each 
pulse. This cycle is continued until the cell is programmed. 
Refer to the Programming Timing Diagram and Program
ming Specifications for Current-Pulse Programming. 

National originally developed a self adjusting current ramp 
programming technique which delivers the optimum current 
needed to program each individual cell. With the self adjust-
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ing technique a steadily increasing current ramp is applied 
to a cell until a shorted junction is detected. The exact mo
ment when the junction actually shorts can be sensed by a 
sharp drop in the voltage across the cell. This voltage drop 
occurs because the reverse biases E-B diode is no longer in 
series with the programming path. 

Once the moment of programming has been detected, 
National incorporates the use of a programming ramp "post 
hold time". The rise in programming current is halted at the 
level which was required to cause a blow, held for a precise 
time interval, and then turned off. This means that the 
amount of additional energy applied to a cell is totally gov-

CURRENT-RAMP PROGRAMMING TIMING DIAGRAM 

erned by the amount of current required to program that 
cell, which is in turn dependent upon cell size. Therefore 
each cell's additional energy pulse is custom tailored for 
that specific cell. Experimental data shows that a carefully 
chosen post hold time can insure a very uniform cell resist
ance regardless of cell size. The self adjusting current ramp 
programming scheme allows consistent, repeatable pro
gramming and uniform cell resistance, overcoming any ef
fects of process variations on a particular product or differ
ences in cell sizes across product lines. Refer to the Pro
gramming Timing Diagram and Programming Specifications 
for Current-Ramp Programming. 
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CURRENT-RAMP PROGRAMMING SPECIFICATIONS (Note 4) 

Symbol Parameter Characteristics Min Typ 

POWER SUPPLY 

Vee Power Supply Voltage Typical lee at 6.5V = 250 mA 6.4 6.5 

trVee Power Supply Rise Time (Note 3) 0.2 2.0 

tfVee Power Supply Fall Time 0.2 2.0 

tON Vee ON Time See Programming (Note 1) 

tOFF Vee OFF Time 
Timing Diagram 

(Note 2) 

Duty Cycle for Vee tON/(tOFF + tON) 

READ STROBE 

tdRBP Read Delay before Programming Initial Check 3.0 

tw Fuse Read Time 1.0 

tdVee Delay to Vee OFF 1.0 

tdRAP Delay to Read after Programming Verify 3.0 

CHIP SELECT 

Vesp Chip Select Programming Voltage 20.0 20.0 

lesp Chip Select Program Current Limit 175 180 

VIL Input Voltage LOW 0 0 

VIH Input Voltage HIGH 2.4 5.0 

tdes Delay to Chip Deselect 1.0 

tres Chip Select Pulse Rise Time 3.0 4.0 

tdAP Delay to Chip Select Time 0.2 1.0 

tfes Chip Select Pulse Fall time 0.1 0.1 

CURRENT RAMP 

IOPLP Programming Current Linear Point Point after Which the Programming 
Current Ramp Must Rise 10 
at a Linear Slew Rate 

lOp (Max) Output Programming Current Limit Apply Current Ramp to 
155 160 

Selected Output 

VOP(Max) Output Programming Voltage Limit 24 25 

SRIOP Current Slew Rate Constant after Linear Point 0.9 1.0 

Vps Blow Sense Voltage 0.7 

tdBP Delay to Programming Ramp Vesp Must be at Minimum 2.0 3.0 

tLP Time to Reach Linear Point 0.2 1.0 

tss Program Sense Inhibit 2.0 3.0 

ttp Time to Program Fuse 3.0 

thAP Programming Ramp Hold Time After Fuse Programs 1.4 1.5 

tnop Program Ramp Fall Time 0.1 

Note 1: Total time Vee is on to program fuse is equal to or greater than the sum of all the specified delays. pulse widths and rise/fall times. 
Note 2: toFF is equal to or greater than toN. 

Note 3: Rise and fall times are from 10% to 90%. 

Note 4: Recommended programming temperature T e = + 25'C ± 10'C. 
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Max Units 

6.6 V 

J-Ls 

J-Ls 

50 % 

J-Ls 

J-Ls 

J-Ls 

J-Ls 

22.0 V 

185 mA 

0.4 V 

5.0 V 

J-Ls 

J-Ls 

J-Ls 

1.0 J-Ls 

20 mA 

165 mA 

26 V 

1.1 mAlJ-Ls 

V 

J-Ls 

10 J-Ls 

10 J-Ls 

150 J-Ls 

1.6 J-Ls 

0.2 J-Ls 
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CURRENT-PULSE PROGRAMMING SPECIFICATIONS (Note 4) 

Symbol Parameter Characteristics Min Typ Max 

POWER SUPPLY 

Vee Power Supply Voltage Typical lee at 6.5V = 250 mA 6.4 6.5 6.6 

trvee Power Supply Rise Time (Note 3) 0.2 2.0 

tfVee Power Supply Fall Time 0.2 2.0 

toN Vee ON Time See Programming (Note 1) 

toFF Vee OFF Time 
Timing Diagram (Note 2) 

Duty Cycle for Vee tON/(toFF + toN) 50 

READ STROBE (Note 5) 

fdRBP Read Delay before Programming Initial Check 3.0 

tw Fuse Read Time 1.0 

fdvee Delay to Vee OFF 1.0 

fdRAP Delay to Read after Programming Verify 3.0 

CHIP SELECT 

Vesp Chip Select Programming Voltage 20.0 20.0 22.0 

lesp Chip Select Program Current Limit 175 180 185 

VIL Input Voltage LOW 0 0 0.4 

VIH Input Voltage HIGH 2.4 5.0 5.0 

fdes Delay to Chip Deselect 1.0 

tres Chip Select Pulse Rise Time 3.0 4.0 

fdAP Delay to Chip Select Time 0.2 1.0 

tfes Chip Select Pulse Fall Time 0.1 0.1 1.0 

PROGRAMMING CURRENT-PULSE TRAIN 

IIOP Initial Current Pulse 93Z565 40.0 40.0 

lOp (Max) Output Programming Current Limit Apply Current Pulse to 
155 160 165 

Selected Output 

VOP(Max) Output Programming Voltage Limit 24 25 26 

tRIOP Programming Pulse Rise Time 160 100 100 

fdBP Delay to Initial Programming Pulse Vesp Must be at Minimum 2.0 3.0 

tpw Programming Pulse Widths 8.0 9.0 10.0 

tflOP Programming Pulse Fall Time (Note 3) 0.1 0.1 0.2 

AIOp Current Pulse Step Increase 5.0 10.0 10.0 

Duty Cycle for Programming Pulses Each Successive Pulse is 
10 50 50 

Increased by lop 

Note 1: Total time Vee is on to program fuse is equal to or greater than the sum of all the specified delays, pulse widths and rise/fall times. 
Note 2: toFF is equal to or greater than toN. 

Note 3: Rise and fall times are from 10% to 90%. 

Note 4: Recommended programming temperature T c = + 2S'C ± 1 O'C. 

Note 5: Proceed to next address after read strobe indicates programmed cell. 
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Part 
Number 

100K LEVEL: 

100145DC 
100145FC 
100415DC10 
100415FC10 
100415LC10 
100422DC5 
100422DC7 
100422DC10 
100422FC5 
100422FC7 
1 00422FC1 0 
1 00422LC1 0 

10K LEVEL: 

10145ADC 
10145AFC 
10402DC 
10402FC 
10415ADC 
10415DC10 
10415FC10 
10422DC5 
10422DC7 
10422DC10 
10422FC5 
10422FC7 
1 0422FC1 0 

Organization 
(Word x Bit) 

16x4 
16 x 4 
1Kx4 
1Kx4 
1Kx4 
256x4 
256x4 
256x4 
256x4 
256x4 
256x4 
256x4 

16x4 
16 x 4 
16x4 
16x4 
1Kx1 
1Kx1 
1Kx1 
256x4 
256x4 
256x4 
256x4 
256x4 
256x4 

Pins 

24 
24 
16 
16 
16 
24 
24 
24 
24 
24 
24 
24 

16 
16 
16 
16 
16 
16 
16 
24 
24 
24 
24 
24 
24 
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Access 
(ns) 

7 
7 

10 
10 
10 
5 
7 

10 
5 
7 

10 
10 

9 
9 
6 
6 

10 
10 
10 
5 
7 

10 
5 
7 

10 

Temperature 
Range 

O·Cto +85°C 
O°Cto +85·C 
O·Cto +85°C 
O·Cto + 85·C 
O·Cto +85°C 
O·Cto +85°C 
O·Cto +85°C 
O·Cto +85°C 
O·Cto +85·C 
O·Cto +85·C 
O·Cto +85·C 
O°Cto +85·C 

O°Cto +75°C 
O·Cto + 75°C 
O·Cto + 75·C 
O·Cto + 75·C 
O·Cto +75·C 
O·Cto +75·C 
O·Cto +75·C 
O·Cto +75·C 
O·Cto +75·C 
O·Cto +75·C 
O·Cto +75·C 
O·Cto +75°C 
O·Cto + 75·C 
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100145 16 x 4-Bit Register File Random Access Memory 

General Description 
The 100145 is a 64-bit register file organized as 16 words of 
four bits each. Separate address inputs for Read (ARn) and 
Write (AWn) operations reduce overall cycle time by allow
ing one address to be setting up while the other is being 
executed. Operating speed is also enhanced by four output 
latches which store data from the previous read operation 
while writing is in progress. When both Write Enable (WE) 
inputs are LOW, the circuit is in the Write mode and the 
latches are in a Hold mode. When either WE input is HIGH, 
the circuit is in the Read mode, but the outputs can 

Connection Diagrams 
24-Pln Ceramic Dual-In-Llne Package 

TL/D/9638-1 

Top View 

Order Number 100145DC 
See NS Package Number J24E* 

Optional Processing QR = Burn-In 

"For most current package information, contact product marketing. 

Logic Symbol 

(6)3 

(5) 2 

(4) 1 

(3) 24 

(23) 20 

(24) 21 

(1) 22 

(2) 23 

(17)(18)(20)(19) (16) (15)(14) (13) 
14 IS 17 16 13 12 11 10 

DO 0t 02 D3 
ARo 

ARt 

AR2 

AR3 
100145 

AWo 

AWt 
AW2 
AW3 

MR 

19 4 5 8 9 
(22) (7) (8) (11)(12) 

TLID/9638-3 

Vee = Pin 6 (9) 

VeeA = Pin 7 (10) 

VEE = Pin 18 (21) 

() = Flatpak 

5-4 

be forced LOW by a HIGH signal on either of the Output 
Enable (OE) inputs. This makes it possible to tie one WE 
input and one OE input together to serve as an active-LOW 
Chip Select (CS) input. When this wired CS input is HIGH, 
reading will still take place internally and the resulting data 
will enter the latches and become available as soon as the 
CS signal goes LOW, provided that the other OE input is 
LOW. A HIGH signal on the Master Reset (MR) input over
rides all other inputs, clears all cells in the memory, resets 
the output latches, and forces the outputs LOW. 

24-Pln Ceramic Flatpak 

AW2 1 0E2 
AW3 17 0E1 

16 Do 

AR2 15 Dt 

ARt 14 D2 

13 D3 

TL/D/9636-2 

Top View 

Order Number 100145FC 
See NS Package Number W24B* 

Optional Processing QR = Burn-In 

"For most current package information, contact product marketing. 

ARO-AR3 
AWO-AW3 
WE1,WE2 
OE1, OE2 
0 0-0 3 
MR 
0 0-0 3 

Pin Names 

Read Address Inputs 
Write Address Inputs 
Read Enable Inputs (Active LOW) 
Output Enable Inputs (Active LOW) 
Data Inputs 
Master Reset Input 
Data Outputs 



Absolute Maximum Ratings 
Storage Temperature - 65·C to + 150·C Output Current (DC Output High) -50mA 

Maximum Junction Temperature (TJ) +175·C Operating Range (Note 1) -5.7V to -4.2V 

Supply Voltage Range -7Vto +0.5V Lead Temperature (Soldering, 10 seconds) 300·C 

Input Voltage (DC) VEE to +0.5V 

DC Electrical Characteristics VEE = -4.5V, VCC = VCCA = GND, Tc = O·Cto + 85·C (Note 2) 

Symbol Parameter Conditions Min Max Units 

VOH Output High Voltage VIN = VIH(max) Loading is -1025 -880 mV 

VOL Output Low Voltage OrVIL(min) 50n to -2V -1810 -1620 mV 

VOHC Output High Voltage VIN = VIH(min) -1035 mV 

VOLC Output Low Voltage OrVIL(max) -1610 mV 

VIH Input High Voltage Guaranteed High Signal for All -1165 -880 mV 
Inputs 

VIL Input Low Voltage Guaranteed Low Signal for All -1810 -1475 mV 
Inputs 

IlL Input Low Current VIN = VIL(min) 0.5 p,A 

DC Electrical Characteristics VEE = -4.2V, Vcc = VCCA = GND, Tc = O·Cto + 85·C (Note 2) 

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

--mayaffectt:Jiivicereliabilitj:- ----- ---- ----- -- ---- -- --- - --- --- ----- - - ----- - ----- -- --

Symbol Parameter Conditions Min Typ Max Units 

VOH Output High Voltage VIN = VIH(max) Loading with -1020 -870 mV 

VOL Output Low Voltage OrVIL(min) 50n to -2V -1810 -1605 mV 

VOHC Output High Voltage VIN = VIH(min) -1030 mV 

VOLC Output Low Voltage OrVIL(max) -1595 mV 

VIH Input High Voltage Guaranteed High Signal for All -1150 -870 mV 
Inputs 

VIL Input Low Voltage Guaranteed Low Signal for All -1810 -1475 mV 
Inputs 

IlL Input Low Current VIN = VIL(min) 0.5 p,A 

IIH Input HIGH Current VIN = VIH(max) 240 p,A 
All Inputs 

lEE Power Supply Current Inputs Open -247 -170 mA 

Note 1: Parametric values specified at -4.BV to -4.2V. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 3: The maximum address access time is guaranteed to be the worst case bit in memory using a pseudo random testing pattern. 
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DC Electrical Characteristics VEE = -4.8V, VCC = VCCA = GND, TC = O·C to + 85·C (Note 2) 

Symbol Parameter Conditions Min Typ Max 

VOH Output High Voltage VIN = VIH(max) loading with -1035 -880 

VOL Output low Voltage OrVIL(min) 50n to -2V -1830 -1620 

VOHC Output High Voltage VIN = VIH(min) -1045 

VOLC Output low Voltage OrVIL(max) -1610 

VIH Input High Voltage Guaranteed High Signal for All -1165 -880 
Inputs 

VIL Input low Voltage Guaranteed low Signal for All -1830 -1490 
Inputs 

IlL Input low Current VIN = VIL(min) 0.5 

IIH Input HIGH Current VIN = VIH(max) 240 
All Inputs 

lEE Power Supply Current Inputs Open -247 -170 

Notes on preceding page. 

AC Characteristics VEE = -4.2Vto -4.8V, VCC = VCCA = GND, Tc = O·Cto +85·C 

Symbol Parameters Conditions Min Max 

ACCESS/RECOVERY TIMING 

tM Address Access (Note 3) Figures 3 and 5a 2.20 7.00 

tOR Output Recovery 1.00 3.20 

too Output Disable Figures 3 and 5e 1.00 3.20 

READ TIMING 

tRSA1 Address Setup 
Figures 3 and 5b 

1.0 

tWEQ Output Delay 2.00 5.5 

OUTPUT LATCH TIMING 

tRSA2 Address Setup Figures 3 and 5c 5.50 

tRHA Address Hold Figures 3 and 5d 0.10 

WRITE TIMING 

tWSA Address Setup 0.10 

tWHA Address Hold 
tw = 6.0 ns 

1.0 

twso Data Setup 1.0 

tWHO Data Hold 
Figures 3 and 6 

1.0 

tw Write Pulse Width, lOW 5.5 

MASTER RESET TIMING 

tM Reset Pulse Width, lOW 
A'gures 3 and 7 

5.0 

tMHW WE Hold to Write 7.0 

tMQ Output Disable Figures 3 and 7 3.0 

tTLH Transition Time 
0.50 2.30 

tTHL 20% to 80%, 80% to 20% 

All ECl RAM products (except for Register File RAMs) 
in ceramic packages: dual-in-line, and flatpak are poly-
imide die-coated to decrease sensitivity to alpha parti-
cles emitted primarily by the seal glass and ceramic of 
the package. 
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Block Diagram 

16 X -4 CELL ARRAY (RAW) 

WR 

0E1 
OE 

0E2 ---<:; .... ., 

TLID/9638-4 

FIGURE 1. Logic Diagram 
Note: This diagram is provided for understanding of logic operation only. It should not be used for evaluation of propagation delays as many internal functions are 
achieved more efficiently than indicated. 
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AC Test Conditions 
GND 

RL 

-2V 00 

CL~ 

RL 

-2V 0 1 

CL~ 

o.01J.'r~ 

FIGURE 2. AC Test Circuit 
Notes: 

All Timing Measurements Referenced to 50% of Input Levels. 

CL = 3 pF including Fixture and Stray Capacitance. 

RL = 50n to -2.0V. 

Timing Diagrams AR;--------j __________ _ 
o:-----~~-------·t=---'J~ ___ _ 

TL/D/9638-5 

TL/D/9638-7 

4a. Address Access Time (WE1 or WE2 = HIGH; 
OE1 = OE2 = LOW) 

.R, .-;;;.~::fJ--~--------· 
WE ----

tWEQ 

-------------,1,----On (DATA FROM LATCHES) 

TL/D/9638-8 

4b. Address Setup Time before WE, to Ensure Minimum 
Delay (Unpulsed WE= OE1 = OE2 = LOW) 

~
O" -0.9V 

20% -1.7V 

tr tr=t, = 0.7 ns TYP t, 

TL/D/9638-6 

FIGURE 3. Input Levels 

(NEW ADDRESS) 

-----------~I·---------· 

TUD/9638-9 

4c. Address Setup Time to Ensure latching Data 
from New Address (Unpulsed WE = LOW) 

ARn- - ~~; :D;~~S) , 

=ik~tR_HA __________ __ 

TUD/9638-10 

4d. Address Hold Time to Ensure latching Data 
from Old Address (Unpulsed WE = LOW) 

TL/D/9638-11 

4e. Output Recovery/Disable Times, OE to Qn (Unpulsed OE = LOW) 

FIGURE 4. Read Timing 
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Timing Diagrams (Continued) 

AW. 3:::::---=;;:f 
____ ~I.--tw--+I,-----

WE \ -l-

D. j~~~=-_____ -=::t 
Address and Data Setup and Hold Times: 
Write Pulse Width (Un pulsed WE = LOW) 

FIGURE 5. Write Timing 

TL/D/9638-12 

TLlD/9638-13 

6a. Reset Pulse Width; WE Hold Time for Subsequent 
Writing (Address Already Setup, Unpulsed WE = LOW) 

TLlD/9638-14 

6b. Output Reset Delay, MR to an 
FIGURE 6. Master Reset Timing 
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~National 
D Semiconductor 
100415 1024 x 1-Bit Random Access Memory 

General Description 
The 100415 is a 1024-bit read/write Random Access Mem
ory (RAM), organized as 1024 words by one bit per word 
and designed for high-speed scratchpad, control and buffer 
storage applications. The device includes full on-chip ad
dress decoding, separate Data Input and non-inverting Data 
Output lines, as well as an active-LOW Chip Select line. 

Connection Diagrams 
16-Pln Ceramic Flatpak 

A2- ~ 

A3- 5 

A-4- 6 

A5- 7 

VEE - 8 

\.J 

Top View 

16 r-Vcc 

15 ~o 

1~ ~Cs 

131-WE 

121-A9 

111-A8 

10~A7 

91-A6 

Order Number 100415FC10 
See NS Package Number W16A * 

TL/D/9639-11 

Features 
• Address access time-10 ns max 
• Chip select access time-5.0 ns max 
• Open-emitter output for easy memory expansion 
• Power dissipation--O.79 mW/bit typ 
• Power dissipation decreases with increasing 

temperature 
• Polyamide die coat for alpha immunity 

16-Pln Ceramic Dual-ln-L1ne Package 

0- 1 

Ao- 2 

A1- 3 

A2- ~ 

A3- 5 

A-4- 6 

A5- 7 

VEE - 8 

Top View 

16 I-Vcc 

151-0 

1~ I-CS 

13 ~WE 

12 ~Ag 

11~A8 

10l-A7 

91-A6 

Order Number 100415DC10 
See NS Package NumberJ16A* 

TLID/9639-2 

• For most current package information, contact product marketing. 

Optional Processing QR = Burn-In 

WE 
CS 
Ao-Ag 
D 
o 

Pin Names 

Write Enable Input (Active LOW) 
Chip Select Input (Active LOW) 
Address Inputs 
Data Input 
Data Output 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, Note: Stresses greater than those listed under "Absolute 
contact the National Semiconductor Sales Office/ Maximum Ratings" may cause permanent damage to the 
Distributors for availability and specifications. device. This is a stress rating only and functional operation 

Storage Temperature -65°C to + 150°C of the device at these or any other conditions above those 

Maximum Junction Temperature (TJ) + 175°C 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum ratings condi-

Supply Voltage Range -7Vto +0.5V tions for extended periods may affect device reliability. 
Input Voltage (DC) VEE to +0.5V 

Output Current (DC Output High) -50mA 

Operating Range (Note 1) -5.7V to -4.2V 

Lead Temperature (Soldering, 10 seconds) 300·C 

DC Electrical Characteristics VEE = -4.5V, Vcc = VCCA = GND, Tc = O·Cto +85°C (Note 2) 

Symbol Parameter Conditions Min Max Units 

VOH Output High Voltage V,N = V'H(max) Loading is -1025 -880 mV 

VOL Output Low Voltage OrV,L(min) 50n to -2V -1810 -1620 mV 

VOHC Output High Voltage V,N = V'H(min) -1035 mV 

VOLC Output Low Voltage OrV'L(max) -1610 mV 

V,H Input High Voltage Guaranteed High Signal for All -1165 -880 mV 
Inputs 

V,L Input Low Voltage Guaranteed Low Signal for All -1810 -1475 mV 
Inputs 

-----

I,L Input Low Current V,N = V'L(min) 0.5 IlA 

I'H Input HIGH Current V,N = V'H(max) 220 IlA 

lEE Power Supply Current Inputs and Output Open -200 rnA 

DC Electrical Characteristics VEE = -4.2V, VCC = VCCA = GND, T C = O°C to + 85°C (Note 2) 

Symbol Parameter Conditions Min Max Units 

VOH Output High Voltage V,N = V'H(max) Loading is -1020 -870 mV 

VOL Output Low Voltage OrV'L(mln) 50n to -2V -1810 -1605 mV 

VOHC Output High Voltage V,N = V'H(min) -1030 mV 

VOLC Output Low Voltage OrV'L(max) -1595 mV 

V,H Input High Voltage Guaranteed High Signal for All -1150 -870 mV 
Inputs 

V,L Input Low Voltage Guaranteed Low Signal for All -1810 -1475 mV 
Inputs 

I,L Input Low Current V,N = V'L(min) 0.5 IlA 

I'H Input HIGH Current V,N = V'H(max) 220 IlA 

lEE Power Supply Current Inputs and Output Open -200 rnA 
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DC Electrical Characteristics VEE = -4.8V, VCC = VCCA = GND, Tc = o°C to + 85°C (Note 2) 

Symbol Parameter Conditions Min Max Units 

VOH Output High Voltage VIN = VIH(max) loading with -1035 -880 mV 

VOL Output low Voltage OrVIL(min) son to -2V -1830 -1620 mV 

VOHC Output High Voltage VIN = VIH(min) -1045 mV 

VOLC Output low Voltage orVIL(max) -1610 mV 

VIH Input High Voltage Guaranteed High Signal for All -1165 -880 mV 
Inputs 

VIL Input low Voltage Guaranteed low Signal for All -1830 -1490 mV 
Inputs 

IlL Input low Current VIN = VIL(min) 0.5 ,..,A 

IIH Input HIGH Current VIN = VIH(max) 220 ,..,A 

lEE Power Supply Current Inputs and Output Open -200 rnA 

AC Performance Characteristics 
VEE = -4.2V to -4.8V, vcc = GND, Output load = son and 3 pF to -2.0V, TC = O°C to +85°C 

Symbol Parameter Conditions Min Typ Max Units 

READ TIMING 

tACS Chip Select Access Time 5.0 ns 

tACS Chip Select Recovery Time Figures 58, 5b 5.0 ns 

tAA Address Access Time (Note 3) 10 ns 

WRITE TIMING 

tw Write Pulse Width 
7 

to Guarantee Writing (Note 4) 
ns 

tWSD Data Setup Time prior to Write 1.0 ns 

tWHD Data Hold Time after Write 2.0 ns 

tWSA Address Setup Time 
1.0 ns 

Prior to Write (Note 4) 

tWHA Address Hold Time after Write Figure 6 2.0 ns 

twscs Chip Select Setup Time 
1.0 ns 

Prior to Write 

tWHCS Chip Select Hold Time 
2.0 ns 

after Write 

tws Write Disable Time 5.0 ns 

tWA Write Recovery Time 10 ns 

tr Output Rise Time Measured between 20% and 0.7 ns 

tf Output Fall Time 80% or 80% and 20% 0.7 ns 

CIN Input Pin Capacitance Measured with a Pulse 4.0 5.0 pF 

COUT Input Pin Capacitance Technique 7.0 8.0 pF 

All ECl RAM products (except for Register File RAMs) 
in ceramic packages: dual-in-line, and flatpak are poly-
imide die-coated to decrease sensitivity to alpha parti-
cles emitted primarily by the seal glass and ceramic of 
the package. 

Note 1: Parametric values specified at -4.8V to -4.2V. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these ''worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating range. 
Note 3: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 
Note 4: tw measured at tWSA = Min. tWSA measured at tw = Min. 
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Logic Diagram 

Logic Symbol 

ADDRESS 
DECODER 

Vee = Pin 16 

VEE = Pin 8 

WORD 
DRIVER 

2 
3 
4 
5 
6 
7 
9 

10 
11 
12 

32X32 ARRAY 

ADDRESS 
DECODER 

FIGURE 1 

14 15 

FIGURE 2 
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AC Test Conditions 
GND 

01-..... -'VV'Y---2V 

0.01 Jlf.I. VEE 

FIGURE 3. AC Test Circuit 
Notes: 

All Timing Measurements Referenced to 50% of Input Levels. 

Cl = 3 pF including Fixture and Stray Capacitance. 

Rl = son to -2.0V. 

Read Mode 

-1.7V 
tr=~=0.7ns TYP 

Tl/D/9639-5 

FIGURE 4. Input Levels 

Tl/D/9639-4 

ADDRESS 

DATA OUTPUT 

Tl/D/9639-6 Tl/D/9639-7 

Sa. Read Mode Propagation Delay for Chip Select 5b. Read Mode Propagation Delay from Address 

FIGURE 5. Read Mode Timing 

Write Mode 

Tl/D/9639-8 

FIGURE 6. Write Mode Timing 
Note: 

Timing Diagram represents on solution which results In an optimun cycle time. Timing may be changed to fit various applications as long as the worst case limits are 
not violated. 
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Functional Description 
The 100415 is a fully decoded 1024-bit read/write random 
access memory, organized 1024 words by one bit. Bit selec
tion is achieved by means of a 10-bit address, Ao through 
Ag. 
One Chip Select input is provided for memory array expan
sion up to 2048 words without the need for external decod
ing. For larger memories, the fast chip select time permits 
the decoding of Chip Select, (CS) from the address without 
affecting system performance. 

The read and write operations are controlled by the state of 
the active-LOW Write Enable (WE) input. With WE held 
LOW and the chip selected, the data at D is written into the 
addressed location. Since the write function is level trig
gered, data must be held stable for at least tWSD(minl..E!US 
tW(min) plus tWHD(min) to insure a valid write. To read, WE is 
held HIGH and the chip selected. Non-inverted data is then 
presented at the output (0). 

The output of the 1 00415 is an unterminated emitter follow
er, which allows maximum flexibility in choosing output 

Typical Application 
D 

WE 
on 
~ 

~ 
::I. 
I'! 
~ 
~ 
ia 
2i 

-~ 

---
-------

-

-----

r-----<l 

~ 

f-

cs 

cs 

CS 

0 
I-- j"""""""'O CS ,... 

0 
~ 

-
""--

connection configurations. In many applications it is desir
able to tie the outputs of several 1 00415 devices together to 
allow easy expansion. In other applications the wired-OR 
need not be used. In either case an external 50n pull-down 
resistor to - 2V or an equivalent network must be used to 
provide a LOW at the output. 

Truth Table 
Inputs Output 

CS WE D 0 

H X X L 
L L L L 
L L H L 
L H X Data 

H = HIGH Voltage Levels = -0.9V (Nominal) 

L = LOW Voltage Levels = -1.7V (Nominal) 

X = Don't Care 

Data = Previously stored data 

0 
- -

D 

100415 

0 WE po-

0 
D 

100415 ~ o 

0 WE po-

J 
D 

100415 

0 WE p---

~~ 
D-I"""" 

100415 

0 WE 0--

I 

RT 

-2.0V 

Mode 

Not Selected 
Write "0" 
Write "1" 
Read 

TL/O/9639-9 

FIGURE 7. 4096-Word x n-Blt System 
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~National a Semiconductor 
100422 256 x 4-Bit Static RAM 10 ns, 7 ns, 5 ns 

General Description 
The 100422 is a 1024-bit readlwrite Random Access Mem
ory (RAM), organized 256 words by four bits per word. It is 
designed for high-speed scratch pad, control and buffer stor
age applications. The device features full on-chip address 
decoding, separate Data Input and non-inverting Data Out
put lines, as well as four active-LOW Bit Select lines. 

Connection Diagrams 
24-Pln Ceramic Dual-In-Llne Package 

03 O2 
BS2 AI, 

O2 A3 

BS3 A2 

03 Al 

Vee 1.0 
VeCA VEE 

00 A7 

BSo A6 

°1 As 

BS1 WE 
DO 01 

Top View 

Order Number 100422DC5, 
100422DC7 or 100422DC10 

See NS Package Number J24E* 

TL/D/9643-2 

·For most current package information, contact product marketing. 

Logic Symbol 

(22) 19 

(23) 20 

(24) 21 

(1) 22 

(2) 23 

(18) 15 

(19) 16 

(20) 17 

vee = Pin 6 (9) 

VCCA = Pin 7 (10) 

VEE = Pin 18 (21) 

() = Flatpak 

(12)(14)(5) (7)(17)(15)(16)(3) (4) 

9 11 2 4 14 12 13 24 1 

8 10 3 5 

(11) (13) (6) (8) 

TLID/9643-1 

Features 
• Address access time-5 nsl7 ns/1 0 ns max 
• Bit select access time-4 nsl5 nsl5 ns max 
• Four bits can be independently selected 
• Open-emitter outputs for easy memory expansion 
• Polyimide die coat for alpha immunity . 

24-Pln Ceramic Flatpak 

~.c~~~~ 

24 23 22 21 20 19 

Top View 
TL/D/9643-3 

Order Number 100422FC5, 100422FC7 or 100422FC10 
See NS Package Number W24B* 

·For most current package Information, contact product marketing. 

Optional ProceSSing, QR = Burn-In 

WE 
BSo-eg3 

Ao-A7 

Do-D3 
0 0-0 3 

Pin Names 

Write Enable Input (Active LOW) 
Bit Select Inputs (Active LOW) 
Address Inputs 
Data Inputs 
Data Outputs 
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Absolute Maximum Ratings 
Above which the useful life may be impaired 

Storage Temperature - 65°C to + 150°C Supply Voltage Range -7V to +0.5V 

Maximum Junction Temperature (TJ) + 175°C Input Voltage (DC) VEE to +0.5V 
Note: Stresses greater than those listed under ''Absolute Output Current (DC Output High) -50mA 
Maximum Ratings" may cause permanent damage to the Operating Range (Note 1) -5.7V to -4.2V 
device. This is a stress rating only and functional operation Lead Temperature (Soldering, 10 seconds) 300°C 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability. 

DC Electrical Characteristics VEE = -4.5V, Vcc = VCCA = GND, Tc = O°C to + 85°C (Note 2) 

Symbol Parameter Conditions Min Max Units 

VOH Output HIGH Voltage VIN = VIH(max) Loading is -1025 -880 mV 

VOL Output LOW Voltage OrVIL(min) 500. to -2V -1810 -1620 mV 

VOHC Output HIGH Voltage VIN = VIH(min) -1035 mV 

VOLC Output LOW Voltage OrVIL(max) -1610 mV 

VIH Input HIGH Voltage Guaranteed High Signal for All Inputs -1165 -880 mV 

VIL Input LOW Voltage Guaranteed Low Signal for All Inputs -1810 -1475 mV 

IlL Input LOW Current VIN = VIL(min) 0.5 ,."A 

IIH Input HIGH Current VIN = VIL(max) 220 ,."A 

lEE Power Supply Current (5 ns) All Inputs and Outputs Open -230 
---- (7 ns) -- --- ---------- - ------ ·-200 ------ rnA 

(10 ns) -200 

Note 1: Parametric values specified at -4.BV to -4.2V. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating range. 
Note 3: The maximum address access time is guaranteed to be for the worst-case single bit in the memory using a pseudorandom testing pattern. 
Note 4: tw measured at tWSA = min. tWSA measured at tw = min. 

DC Electrical Characteristics VEE = -4.2V, VCC = VCCA = GND, Tc = O°Cto +85°C (Note 2) 

Symbol Parameter Conditions Min Max Units 

VOH Output HIGH Voltage VIN = VIH(max) Loading is -1020 -870 mV 

VOL Output LOW Voltage OrVIL(min) 500. to -2V -1810 -1605 mV 

VOHC Output HIGH Voltage VIN = VIH(min) -1030 mV 

VOLC Output LOW Voltage OrVIL(max) -1595 mV 

VIH Input HIGH Voltage Guaranteed High Signal for All Inputs -1150 -870 mV 

VIL Input LOW Voltage Guaranteed Low Signal for All Inputs -1810 -1475 mV 

IlL Input LOW Current VIN = VIL(min) 0.5 ,."A 

IIH Input HIGH Current VIN = VIL(max) 220 ,."A 

lEE Power Supply Current (5 ns) All Inputs and Outputs Open -230 
(7 ns) -200 rnA 
(10 ns) -200 
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DC Electrical Characteristics VEE = -4.8V, VCC = VCCA = GND, Tc = ooe to + 85°e (Note 2) 

Symbol Parameter Conditions Min Typ Max Units 

VOH Output High Voltage VIN = VIH(max) loading with -1035 -880 mV 

VOL Output low Voltage OrVIL(min) 500 to -2V -1830 -1620 mV 

VOHC Output High Voltage VIN = VIH(max) -1045 mV 

VOLC Output low Voltage orVIL(min) -1610 mV 

VIH Input High Voltage Guaranteed High Signal for All 
-1165 -880 mV 

Inputs 

VIL Input low Voltage Guaranteed low Signal for All 
-1830 -1490 mV 

Inputs 

VIL Input low Current VIN = VIL(min) 0.5 p.A 

VIH Input HIGH Current VIN = VIH(max) 240 p.A 
All Inputs 

VEE Power Supply Current Inputs Open -247 -170 mA 

AC Performance Characteristics 
VEE = -4.2V to -4.8V, VCC = VCCA = GND, Output load. See Figure 1, Tc = O°C to +85°C 

Symbol 
Parameter 

5ns 7ns 10ns 
Units Notes 

Standard Common Min Max Min Max Min Max 

READ TIMING 

tBSlOV tABS Bit Select Access Time 4.0 5.0 5.0 ns 

tBSHOL tRBS Bit Select Recovery Time 4.0 5.0 5.0 ns 
Figure 3 

tAVOV tAA Address Access Time 5.0 7.0 10.0 ns 
(Note 3) 

WRITE TIMING 

tWLWH tw Write Pulse Width 3.5 5.0 7.0 ns 
(Note 4) 

tOVWl twso Data Setup Time 2.0 1.0 1.0 ns 

tWHOX tWHO Data Hold Time 1.0 1.0 1.0 ns 

tAVWl tWSA Address Setup Time 1.0 1.0 1.0 ns 
Figure 4 

(Note 4) 

tWHAX tWHA Address Hold Time 1.0 1.0 1.0 ns 

tBSLWL tWSBS Bit Select Setup Time 1.0 1.0 1.0 ns 

tWHBSH tWHBS Bit Select Hold Time 1.0 1.0 1.0 ns 

tWLOL tws Write Disable Time 4.0 5.0 5.0 ns 
tWHOV tWR Write Recovery Time 5.0 7.0 7.0 ns 
Note 1: Parametric values specified at -4.8V to -4.2V. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating range. 
Note 3: The maximum address access time is guaranteed to be for the worst-case single bit in the memory using a pseudorandom testing pattern. 
Note 4: tw measured at tWSA = min, tWSA measured at tw = min. 

All ECl RAM products (except for Register File RAMs) 
in ceramic packages: dual-in-line, and flatpak are poly-
imide die-coated to decrease sensitivity to alpha parti-
cles emitted primarily by the seal glass and ceramic of 
the package. 
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Functional Description 
The 100422 is a fully decoded 1024-bit read/write random 
access memory, organized 256 words by four bits. Word 
selection is achieved by means of an 8-bit address, Ao 
through A7. 

Four Bit Select inputs are provided for logic flexibility. For 
larger memories, the fast bit select access time permits the 
decoding of individual bit selects from the address without 
increasing address access time. 

The read and write operations are controlled by the state of 
the active-LOW Write Enable (WE) input. With WE held 
LOW and the bit selected, the data at 00-03 is written into 
the address location. Since the write function is level trig
gered, data must be held stable for at least tWSD(minl.E!US 
tW(min) plus tWHD(min) to insure a valid .write. To read: WE is 
held HIGH and the bit selected. Non-Inverted data IS then 
presented at the outputs (00-03), 

The outputs are inactive (LOW) during that portion of the 
write cycle when Write Enable and Bit Select are true 
(LOW). 

Logic Diagram 

Ao 

A1 

ROW 256 
A2 SELECT BITS 

A3 

A. 

Truth Table 
Inputs Output 

Mode 
BSn WE Dn On 

H X X L Not Selected 
L L L L Write "0" 
L L H L Write "1" 
L H X Data Read 

Each bit has independent SS, 0 and 0, but all have common WE 
H = HIGH Voltage Level = - O.9V (Nominal) 

L = LOW Voltage Levels = -1.7V (Nominal) 

X = Don't Care 

Data = Previously Stored Data 

The outputs of the 100422 are unterminated emitter follow
ers, which allow maximum flexibility in choosing output con
nection configurations. In may applications it is desirable to 
tie the outtputs of several 100422 devices together to allow 
easy expansion. In other applications the wired-OR need 
not be used. In either case an external 500 pull-down resis
tor to - 2V or an equivalent network must be used to pro
vide a LOW at the output. 

256 
BITS 

COLUt.jN 
SELECT 

256 
BITS 

256 
BITS 

TL/D/9643-5 

FIGURE 1. Logic Diagram 
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Notes: 
All Timing Measurements Referenced to 50% of Input Levels 
CL s: 5 pF Including Fixture and Stray Capacitance 
RL = 50n to - 2.0V 

02 ......... -J\,..,..,--2 V ..... _-.....,.--_ ... 

TLID/9643-6 

FIGURE 2. AC Test Circuit 

TL/D/9643-7 

FIGURE 3. Input Levels 
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,-------------------------------------------------------------------------------------------, -A 

Read Mode 

-{,.~ 
ADDRESS ADDRESS VALID 

DATA OUTPUT 50~ DATA VALID 

FIGURE 4. Read Mode Propagation Delay 

Write Mode 

ADDRESS ADDRESS VALID 

DATA INPUT DATA VALID 

twso---t-----tw-----~--- tWHO 

t
ws=1 

DATA OUTPUT""-.....,-'W"'"" ..... --.....,-'W"'"" ..... --~ 50~ 

FIGURE 5. Write Mode Timing 
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~National 
a Semiconductor 
10145A 
16 x 4 Register File (Random Access Memory) 

General Description 
The 10145A is a high-speed 64-bit Random Access Memo
ry organized as a 16-word by 4-bit array. External logic re
quirements are minimized by internal address decoding, 
while memory expansion and data bussing are facilitated by 
the output disabling features of the Chip Select (CS) and 
Write Enable (WS) inputs. 

A HIGH signal on CS prevents read and write operations 
and forces the outputs to the LOW state. When CS is LOW, 

Connection Diagram 

the WE input controls chip operations. A HIGH signal on WE 
disables the Data input (Dn) buffers and enables readout 
from the memory location determined by the Address (An) 
inputs. A LOW signal on WE forces the an outputs LOW 
and allows data on the Dn inputs to be stored in the ad
dressed location. Data exists in the same logical sense as 
presented at the data inputs, i.e., the memory is non-invert
ing. 

16-Pln Ceramic Dual-In-Llne Package 

Pin Names 

\J 
01- 1 161-Vcc 
00- 2 15 1-02 

cs- 3 141-03 

01- 4 13 ~WE 

00- 5 12 ~03 

A3- 6 111-°2 

A2- 7 10l-Ao 
VEE - 8 9~Al 

Top View 

Order Number 10145ADC 
See NS Package Number J16A" 

TLlD/9742-2 

·For most current package Information, contact product marketing. 

Chip Select 

Address 

Data Inputs 

Write Enables 

Data Outputs 

Optional Processing 
QR=Burn-ln 
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Absolute Maximum Ratings Guaranteed Operating Ranges 
Above which the useful life may be impaired Min Typ Max 
Storage Temperature - 65°C to + 150°C Supply Voltage (VEE) -5.46V -5.2V -4.94V 
Maximum Junction Temperature (TJ) + 175°C Case Temperature (T c> O°C + 75°C 
VEE Pin Potential to Ground Pin -7.0V to +0.5V 

Note: Stresses greater than those listed under "Absolute 
Input Voltage (DC) VEE to +0.5V Maximum Ratings" may cause permanent damage to the 
Output Current (DC Output HIGH) -30 mA to +0.1 mA device. This is a stress rating only and functional operation 

lead Temperature of the device at these or any other conditions above those 

(Soldering, 10 seconds) 300°C indicated in the operational sections of this specification is 
not implied Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability. 

DC Electrical Characteristics VEE = -5.2V, VCC = VCCA = GND, Tc = O°Cto + 75°C (Note) 

Symbol Parameter Conditions Min Max Unit Tc 

VOH Output HIGH Voltage VIN = VIH(max) loading is -1000 -840 O°C 

OrVIL(min) 50n to -2.0V -960 -810 mV + 25°C 
-900 -720 + 75°C 

VOL Output lOW Voltage -1870 -1665 O°C 
-1850 -1650 mV + 25°C 
-1830 -1625 + 75°C 

VOHC Output HIGH Voltage VIN = VIH(min) -1020 O°C 

OrVIL(max) -980 mV + 25°C 
-920 + 75°C 

VOLC Output lOW Voltage -1645 O°C 
-1630 mV + 25°C 

-

-1605 + 75°C 

VIH Input HIGH Voltage Guaranteed Input Voltage -1145 -840 O°C 
HIGH for All Inputs -1105 -810 mV + 25°C 

-1045 -720 + 75°C 

VIL Input lOW Voltage Guaranteed Input Voltage -1870 -1490 O°C 
lOW for All Inputs -1850 -1475 mV + 25°C 

-1830 -1450 + 75°C 

IlL Input lOW Current VIN = VIL(min) 0.5 170 JJ-A + 25°C 

IIH Input HIGH Current VIN = VIH(max) 
CS, Ao-A3 200 JJ-A 
WE,Do-D3 220 

lEE Power Supply Current Inputs and Outputs OPEN -150 mA 

Note: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

All ECl RAM products (except for Register File RAMs) 
in ceramic packages: dual-in-line, and flatpak are poly-
imide die-coated to decrease sensitivity to alpha parti-
cles emitted primarily by the seal glass and ceramic of 
the package. 
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Logic Diagrams 

Ao 
A, 
A2 
A3'--'L-__ ~""" __ ..r-y 

GND 

Rl Rl 
-2V-f\N~""--I °3 1-.... ....IIM--2V 

Iel 

Rl 
1-.... -JlM,..--2V 

elI 
I

el 
0.01 p.F V 

-= I -~~2V 

FIGURE 1. AC Test Circuit 

Notes: 

All Timing Measurements Referenced to 50% of Input levels 

CL = 3 pF including Fixture and Stray Capacitance 

RL = 50n to - 2.0V 

Logic Symbol 

3 

13 

TL/D/9742-5 

10 9 7 6 5 4 11 12 

2 15 14 

Vee = Pin 16 

VEE = Pin 6 
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K>-.... -WE 
IO-..... -+-CS 

TL/D/9742-4 

TL/D/9742-6 

FIGURE 2. Input Levels 
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AC Performance Characteristics VEE = -5.2V ±5%, Vcc = GND, Tc = O"Cto +75"C 

Symbol Parameter Conditions Min Typ Max Unit 

Access/Recovery Times 
tACS Chip Select Access Figures 1 and 4 4.5 6.0 ns 

tACS Chip Select Recovery 4.5 6.0 ns 

tAA Address Access (Note) 6.5 9.0 ns 

Write Setup Times 
tWSD Data Figures 1 and 3 4.5 3.0 ns 

twscs Chip Select 4.5 2.5 ns 

tWSA Address 3.5 1.5 ns 
Write Hold Times 

tWHD Data 0 -0.5 ns 

tWHCS Chip Select 0.5 0 ns 

tWHA Address 1.0 -1.0 ns 

tWA Write Recovery Time Figures 1 and 4 4.5 6.0 ns 

tws Write Disable Time 4.5 6.0 ns 

tw Write Pulse Width, Min Figures 1 and 3 4.0 2.5 ns 

tcs Chip Select Pulse Width, Min 4.0 2.5 ns 

tTLH Transition Time Figures 1 and 4 
0.5 2.5 3.9 

tTHL 20% to 80%, 80% to 20% 
ns 

Note: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudo random testing pattern. 
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cs: 
lI) 

:!: Write Modes 
o 
.... Write Enable Strobe 

Address and Data Input Set-Up 
and Hold Times (CS = LOW) 

~
tWSD tWHD __ e. ,---

DATA \ I 

INPUT \. __________ ,,' 

TL/D/9742-7 

Chip Select Set-Up and Hold Times 

TLlD/9742-B 

FIGURE 3 

Read Modes 
Address Input to Data Output (WE = HIGH, CS = LOW) 

Address Access Time 

5-26 

ADDRESS =4 _______________ . 
. ----~~J DATA \ 

OUTPUT \ 

~------------. TL/D/9742-9 

Chip Select Input to Data Output (WE = HIGH) 
Chip Select Access and Recovery Times 

DATA 
OUTPUT 

TL/D/9742-10 

Write Enable Input to Data Output (CS = LOW) 
Write Recovery, Disable Times 

~ iy" }~S 
DATA 

OUTPUT _______ -J __________ _ 

TLlD/9742-11 

FIGURE 4 



~National 
~ Semiconductor 
10402 16 x 4-Bit Register File (Random Access Memory) 

General Description 
The 10402 is a high-speed 64-bit Random Access Memory 
(RAM) organized as a 16-word by 4-bit array. External logic 
requirements are minimized by internal address decoding, 
while memory expansion and data busing are facilitated by 
the output disabling features of the Chip Select (CS) and 
Write Enable (WE) inputs. 

the WE input controls chip operations. A HIGH signal on WE 
disables the Data input (On) buffers and enables readout 
from the memory location determined by the Address (An) 
inputs. A LOW signal on WE forces the On outputs LOW 
and allows data on the On inputs to be stored in the ad
dressed location. Data exists in the same logical sense as 
presented at the data inputs, i.e., the memory is non-invert
ing. 

A HIGH signal on CS prevents read and write operations 
and forces the outputs to the LOW state. When CS is LOW, 

Connection Diagrams 
16-Pin Ceramic Dual-in-Line 

Package 

\..J 
01-1 16 -Vee 

00- 2 15 -02 

CS-3 14 r-03 

01- 4 13 ~WE 

00- 5 12 ~03 

A3- 6 11 r-02 

A2- 7 10 r-Ao 

VEE - 8 9 ~Al 

TL/D/9640-2 

Top View 

Order Number 10402DC 
See NS Package NumberJ16A* 

"For most current package information, 
contact product marketing. 

Optional Processing QR = Burn-In 

16-Pin Flatpack 

01- 1 16 -Vee 

00- 2 15 -02 
CS- 3 14 -03 

01- 4 13 -WE 
00- 5 12 -°3 

A3- 6 111-°2 

A2- 7 10 ~Ao 

VEE - 8 9 -AI 

TL/D/9640-3 

Top View 

Order Number 10402FC 
See NS Package Number W16A* 

"For most current package information, 
contact product marketing. 

Optional Processing QR = Burn-In 

~ Q') ,...,. ~ an ....,. = ~ 
I I I I I I I I 

13-0 WE 

Vee = Pin 16 

VEE = Pin8 

10402 

FIGURE 1. Logic Symbol 
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Ao-A3 
00-0 3 
WE 

00-0 3 

TL/D/9640-1 

Pin Names 

Chip Select Input 
Address Inputs 
Data Inputs 
Write Enable Input 
Data Outputs 
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C\I o 
0IIt' o .,.. Absolute Maximum Ratings Guaranteed Operating Ranges 

Storage Temperature - 65°C to + 150°C Min Max Units 

Maximum Junction Temperature (TJ) + 175°C Supply Voltage {Vce> -5.46 -4.94 V 

VEE Pin Potential to Ground Pin -7.0Vto +0.5V Case Temperature (T e> 0 +75 °C 

Input Voltage (DC) VEE to +0.5V Note: Stresses greater than those listed under "Absolute 
Output Current (DC Output High) -30 mA to +0.1 mA Maximum Ratings" may cause permanent damage to the 

lead Temperature (Soldering, 10 seconds) 300°C device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability. 

DC Electrical Characteristics VEE = -5.2V, Vcc = VCCA = GND, Tc = O°Cto + 75°C (Note) 

Symbol Parameter Conditions Tc Min Max Units 

VOH Output High Voltage VIN = VIH(max) loading is O°C -1000 -840 

OrVIL(min) 50nto -2V + 25°C -960 -810 mV 
+ 75°C -900 -720 

VOL Output low Voltage O°C -1870 -1665 

+ 25°C -1850 -1650 mV 

+ 75°C -1830 -1625 

VOHC Output High Voltage VIN = VIH(min) O°C -1020 

OrVIL(max) + 25°C -980 mV 

+ 75°C -920 

VOLC Output low Voltage O°C -1645 

+ 25°C -1630 mV 

+ 75°C -1605 

VIH Input High Voltage Guaranteed Input Voltage High O°C -1145 -840 
for All Inputs + 25°C -1105 -810 mV 

+ 75°C -1045 -720 

VIL Input low Voltage Guaranteed Input Voltage low O°C -1870 -1490 
for All Inputs + 25°C -1850 -1475 mV 

+ 75°C -1830 -1450 

IlL Input low Current VIN = VIL(min) + 25°C 0.5 170 IJ-A 

IIH Input HIGH Current All Inputs VIN = VIH(max) O°C 300 IJ-A 

lEE Power Supply Current Inputs Open O°C -170 -70 mA 

Note: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes. 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

All ECl RAM products (except for Register File RAMs) in 
ceramic packages: dual-in-line, and flatpak are polyimide 

die-coated to decrease sensitivity to alpha particles emitted 
primarily by the seal glass and ceramic of the package. 
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AC Performance Characteristics 
VEE = -5.2V ±5%, Vcc = GND, Applies to Flatpack and DIP Packages 

Symbol Parameter Conditions 
Tc = QOC Tc = 25°C Tc = 75°C 

Min Max Min Max Min Max 

ACCESS/RECOVERY TIMING 

tACS Chip Select Access Figures 3 and 6 3.30 3.50 3.80 

tRCS Chip Select Recovery 3.30 3.50 3.80 

tM Address Access (Note) 5.00 5.30 6.00 

WRITE TIMING, SETUP 

tWSD Data Figures 3 and 5 0.50 0.50 0.80 

tWSCS Chip Select Tw = 6ns 1.50 1.50 1.50 

tWSA Address 1.00 1.00 1.00 

WRITE TIMING, HOLD 

tWHD Data Figures 3 and 5 0.50 0.50 0.50 

tWHCS Chip Select Tw = 6ns 0.50 0.50 0.50 

tWHA Address 2.50 2.50 2.50 

tWR Write Recovery Time Figures 3 and 6 4.00 4.00 4.50 

tws Write Disable Time 3.00 3.00 3.50 

tw Write Pulse Width, (LOW) Figures 3 and 5 2.50 2.50 3.00 

tcs Chip Select Pulse 
2.50 2.50 3.00 

Width, (LOW) 

- tTLH Transition Time - Figures 3 and 6 
0.50 1.70 0.50 1.70 0.50 1.70 

tTHL 20% to 80%, 80% to 20% 

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

DO Dl D2 D3 

III I 
OUTPUT BUFFERS K [ 

WE 

CS 

I I I I 
Ao- - =J A1- DECODER - ADDRESS 16-WORD x 4-BIT 

A2- DRIVERS - DECODER MEMORY CELL 
ARRAY 

A3- -

I J I t 
1-. 

OUTPUT BUFFERS K [ 
I 

1.J.!.! 
TL/D/9640-4 

FIGURE 2. Logic Diagram 
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C\I 
C) 
'II:t 
C) .... AC Test Circuit 

GND 

Rl 
-2 V 00 

ClI. 

-

Rl 
-2 V °1 °2 

ClI. 

-

Notes: 

All timing measurements referenced to 50% of input levels 

CL = 3 pF Including fixture and stray capacitance 

RL = 50n to - 2.0V 

FIGURE 3 

Write Modes 
Write Enable Strobe 

~
~ ~--

ADDRESS '" ________ 01 

tWSA tWHA 

~
WSD tWHD 

DATA .-~ ~-. 

INPUT "' ________ 01 

Rl 

I.~ 
-

Rl 

I.

Cl 

-

Input Levels 

-2 V 

tr =tf =0.7 ns TYP 

-2 V TLIO/9640-6 

FIGURE 4 

TLIO/9640-5 

TL/O/9640-B 

FIGURE Sa. Chip Select Setup and Hold Times 

TLIO/9640-7 

FIGURE S. Address and Data Input 
Setup and Hold Times (CS = LOW) 
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Read Modes 
Address Input to Data Output 

(WE = HIGH, CS = LOW) 

ADDRESS ~ _________ _ 

~-r DATA ------~ ----
OUTPUT ~ ______ _ 

TUD/9640-9 

FIGURE S. Address Access Time 

Chip Select Input to Data Output 
(WE = HIGH) 

BJ.~~:1. .. _ 
DATA :t80""" 

OUTPUT ___ 20_"~-Jt.J ___ +'r-f-_ 

tTLH-.l1- -l I-tTHL 
TUD/9640-10 

FIGURE Sa. Chip Select Access and 
Recovery Times 
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Write Enable Input to Data Output 
(CS = LOW) 

~~twst· 
DATA I OUTPUT _________ _ 

TL/D/9640-11 

FIGURE Sb. Write Recovery, Disable 
Times 



II) .,.. 
-.::t o .,.. ~National 
~ Semiconductor 
10415 1024 X 1-Bit Static Random Access Memory 

General Description 
The 10415 is a 1024-bit read/write Random Access Memo
ry (RAM), organized as 1024 words by one bit per word and 
designed for high-speed scratch pad, control and buffer stor
age applications. The device includes full on-chip address 
decoding, separate Data input and non-inverting Data out
put lines, as well as an active-LOW Chip Select line. 

Connection Diagrams 
16-Pln Ceramic Dual-ln-L1ne Package 

'-' 0- 1 16 I-Vcc 

Ao- 2 151-0 

A1- 3 141-CS 

A2- 4 131-WE 

A3- 5 121-Ag 

A,,- 6 ll1-A8 

As- 7 10l-A7 
VEE - a 91-As 

Top View 

Order Number 10415DC10 
See NS Package Number J16A* 

TLID/9641-2 

"For most current package information, contact product marketing. 

Optional Processing QR = Burn-In 

Features 
• Address access time-10 ns max 
• Chip select access time-5 ns max 
• Open-emitter output for easy memory expansion 
• Power dissipation-O.92 mW/Bit Typ 
• Power dissipation decreases with increaSing 

temperature 
• Polyimide die coat for alpha immunity 

16-Pin Ceramic Flatpack 

0- 1 161-Vcc 
AO- 2 151-0 

Al- 3 14 f-CS 

A2- 4 131-WE 

A3- 5 121-A9 

A4- 6 lll-Aa 

A5- 7 10l-A7 

VEE - a 91-A6 

Top View 

Order Number 10415FC10 
See NS Package Number W16A* 

TL/D/9641-11 

"For most current package information, contact product marketing. 

Optional Processing QR = Burn-In 
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Absolute Maximum Ratings 
Above which the useful life may be impaired 

Storage Temperature - 65°C to + 150°C 

Maximum Junction Temperature (TJ) + 175°C 

VEE Pin Potential to Ground Pin -7.0V to + 0.5V 

Input Voltage (DC) VEE to + 0.5V 

Output Current (DC Output High) - 30 mA to + 0.1 mA 

Lead Temperature 
(Soldering, 10 seconds) 300°C 

Guaranteed Operating Ranges 
Min Typ Max Units 

Supply Voltage (VEE) - 5.46 - 5.2 - 4.94 V 
Case Temperature (T d 0° + 75° °C 

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

DC Electrical Characteristics VEE = -5.2V, VCC = VCCA = GND, Tc = O°Cto +75°C (Note 1) 

Symbol Parameter 

Output High Voltage 

Output Low Voltage 

VOHC Output High Voltage 

VOLC Output Low Voltage 

Input High Voltage 

Input Low Voltage 

Input HIGH Current 

Input LOW Current, CS 
WE,Ao-Ag,D 

Power Supply Current 

Conditions 

VIN = VIH(max) 
OrVIL(min) 

VIN = VIH(min) 
OrVIL(max) 

Loading is 
50n to -2.0V 

Guaranteed Input Voltage High for 
All Inputs 

Guaranteed Input Voltage Low for 
All Inputs 

Inputs and Output Open 

Te 

O°C 
+ 25°C 
+ 75°C 

O°C 
+25°C 
+ 75°C 

O°C 
+ 25°C 

Min 

-1000 
-960 
-900 

-1870 
-1850 
-1830 

-1020 
-980 

+ 75°C -920 

O°C 
+25°C
+75°C 

O°C 
+25°C 
+75°C 

O°C 
+25°C 
+75°C 

0.5 
-50 

-200 

-1145 
-1105 
-1045 

-1870 
-1850 
-1830 

220 

170 

Max Units 

-840 
-810 mV 
-720 

-1665 
-1650 mV 
-1625 

mV 

-1645 
-1630 mV 
-1605 

-840 
-810 mV 
-720 

-1490 
-1475 mV 
-1450 

fJ-A 

mA 
Note 1: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 2: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 

Note 3: T W measured at tWSA = Min, tWSA measured at tw = Min. 

5-33 

..... 
o 
~ ..... 
CJ'1 



AC Performance Characteristics 
VEE = -5.2V ± 5%, Vcc = GND, Output load = 50n and 3 pF to -2.0V, Tc = O°C to +75°C 

Symbol Parameter Conditions 
10415 

Units 
Min Max 

READ TIMING 

tACS Chip Select Access Time Figures 5a, 5b 5.0 ns 

tRCS Chip Select Recovery Time 5.0 ns 

tAA Address Access Time (Note 2) 10 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing (Note 3) Figure 6 7.0 ns 

tWSD Data Setup Time Prior to Write 1.0 ns 

tWHD Data Hold Time after Write 2.0 ns 

tWSA Address Setup Time Prior to Write (Note 3) 1.0 ns 

tWHA Address Hold Time after Write 2.0 ns 

tWSCS Chip Select Setup Time Prior to Write 1.0 ns 

tWHCS Chip Select Hold Time after Write 2.0 ns 

tws Write Disable Time 5.0 ns 

tWR Write Recovery Time 10 ns 

Symbol Parameter Conditions Min Typ Max Units 

tr Output Rise Time Measured between 20% and 0.7 ns 

tf Output Fall Time 80% or 80% and 20% 0.7 ns 

CIN Input Pin Capacitance Measured with a Pulse 4.0 5.0 pF 

COUT Output Pin Capacitance Technique 7.0 8.0 pF 

All ECl RAM products (except for Register File RAMs) 
in ceramic packages: dual-in-line, and flatpack are po-
Iyimide die-coated to decrease sensitivity to alpha par-
ticles emitted primarily by the seal glass and ceramic 
of the package. 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 2: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 

Note 3: T W measured at tWSA = Min, tWSA measured at tw = Min. 
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Functional Description 
The 10415 is a fully decoded 1024-bit read/write random 
access memory, organized 1024 words by one bit. Bit selec
tion is achieved by means of a 10-bit address, Ao through 
Ag. 

One Chip Select input is provided for memory array expan
sion up to 2048 words without the need for external decod
ing. For larger memories, the fast chip select time permits 
the decoding of Chip Select, (CS) from the address without 
affecting system performance. 

The read and write operations are controlled by the state of 
the active-LOW Write Enable (WE) input. With WE held 
LOW and the chip selected, the data at D is written into the 
addressed location. Since the write function is level trig
gered, data must be held stable for at least tWSD(minl.E!US 
tW(min) plus tWHD(min) to insure a valid write. To read, WE is 
held HIGH and the chip selected. Non-inverted data is then 
presented at the output (0). 

The output of the 10415 is an unterminated emitter follower, 
which allows maximum flexibility in choosing output con-

nection configurations. In many applications it is desirable to 
tie the outputs of several 10415 devices together to allow 
easy expansion. In other applications the wired-OR need 
not be used. In either case an external 50.0 pull-down resis
tor to - 2V or an equivalent network must be used to pro
vide a LOW at the output. 

Truth Table 
Inputs Output 

CS WE D 0 

H X X L 
L L L L 
L L H L 
L H X Data 

H = HIGH Voltage Levels = O.9V (Nominal) 
L = LOW Voltage Levels = 1.7V (Nominal) 
X = Don't Care 

Data = Previously stored data 

Mode 

Not Selected 
Write "0" 
Write "1" 
Read 

Logic Symbol Logic Diagram 

2 
_3 
4 
5 
6 
7 
9 

10 
11 
12 

vee = Pin 16 
VEE = Pin 8 

WE 
CS 

AO-A9 
D 
o 

14 15 13 

10415 

o 

TL/D/9641-1 

FIGURE 1 

Pin Names 

Write Enable Input (Active LOW) 
Chip Select Input (Active LOW) 
Address Inputs 
Data Input 
Data Output 

ADDRESS 
DECODER 
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WORD 
DRIVER 32X32 ARRAY 

ADDRESS 
DECODER 

FIGURE 2 
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Ln --~ AC Test Conditions -- GND 

Ot-...... -*'N'II--2V 

O.OlJ.1F'I VEE 

Not •• : 

All TIming Measurements Referenced to 50% of Input Levels. 

CL = 3 pF including Fixture and Stray Capacitance. 

RL = 50n to - 2.0V. 

FIGURE 3. AC Test Circuit 

TL/D/9641-4 

~
-0'9V 

BO% 

20% -1.7V 
tr tr =lt=0.7ns TYP tf 

TLID/9641-5 

FIGURE 4. Input Levels 

ADDRESS 

DATA OUTPUT 

TL/D/9641-6 TLID/9641-7 

Sa. Read Mode Propagation Delay from Chip Select 5b. Read Mode Propagation Delay from Address 

FIGURE S. Read Mode Timing 

TL/D/9641-8 

FIGURE 6. Write Mode Timing 
Nute: TIming Diagram represents one solution which results in an optimum cycle time. Timing may be changed to fit various applications as long as the worst case 
limits are not violated. 

5-36 



r-----------------------------------------------------------------------------~ ~ 

Typical Application 
D 

WE 

It) 

~ 
;;J. 
S 
~ z 
:J 
III 

~ 
~ 

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

--- ---

-~~ 
0 ,... 
c; 

1----

CS 

CS 

CS 

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

r-O CS 

~-
D 

10415 

0 WE 0..-

I 

sl 
D 

10415 

0 WE P-
I 

J 
D 

10415 

0 WE 0..-

I 
-

J 
D 

10415 

0 WE P-
L 

FIGURE 7. 4096-Word x n-Blt System 
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~National 
D Semiconductor 
10422 256 x 4-Bit Static RAM 10 ns, 7 ns, 5 ns 

General Description 
The 10422 is a 1024-bit read/write Random Access Memo
ry (RAM), organized 256 words by four bits per word. It is 
designed for high-speed scratchpad, control, and buffer 
storage applications. The device features full on-chip ad
dress decoding, separate Data Input and non-inverting Data 
Output lines, as well as four active-LOW Bit Select lines. 

Connection Diagrams 

24-Pln Ceramic Dual-In-Llne Package 

vCCA - 1 '-" 

00- 2 

850- 3 

01- 4 

851- 5 

00- 6 

01- 7 

WE-8 

24 ~VCC 

23,....03 
221-853 
21 r-02 

20 r-85z 
19 r-03 

18 r-02 

17 r-A4 

A5- 9 161-A3 

As- 10 15 ~A2 

A7- 11 14 ~Al 

V[[- 12 13 ~Ao 

Top View 
TL/D/9642-2 

Order Number 10422DC5, 10422DC7 or 10422DC10 
See NS Package Number J24E" 

'For most current package information, contact product marketing. 

Optional Processing 
QR = Burn-In 

24-Pln Flatpak 
N _ <> 1:1 .... ... 

1 1 1 ~ 1 1 
24 23 22 21 20 19 

A3- 1 181- A5 

A4- 2 17 -WE 
O2 - 3 16 -01 
03 - 4 15 -Do 

852 - 5 14 I- BS1 
02- 6 131-°1 

7 8 9 10 11 12 

Top View 
TL/D/9642-3 

Order Number 10422FC5, 10422FC7 or 10422FC10 
See NS Package Number W24B" 

• For most current package information, contact product marketing. 

Optional Processing 
QR = Burn-In 

Features 
• Address access time-5 ns/7 nsf 10 ns Max 
• Bit select access time-4 ns/5 ns/5 ns Max 
• Four bits can be independently selected 
• Open-emitter outputs for easy memory expansion 
• Polyimide die coat for alpha immunity 

Logic Symbol 

5-38 

(12)(14)(5) (7)(17)(15)(16)(3) (4) 
3 5 20 22 8 6 7 18 19 

~ll~ A I I I I 
BSO BS1 BS2 BS3 WE DO 01 O2 03 

(22) 19- Ao 
(23) 14 - AI 

(24) 15 - A2 

(1) 16- A3 

(2) 17 - A4 

(18) 9- A5 

(19) 10- As 

(20) 11- A7 

vee = Pin 6 (9) 
VeeA = Pin 7 (10) 
VEE = Pin 18 (21) 
( ) = Flatpak 

Symbol 

10422 

°1 O2 

~ 
(11) (13) (6) (8) 

Pin Names 

Description 

TLlD/9642-1 

WE 

BSO-BS3 
Ao-A7 
00-03 
00-0 3 

Write Enable Input (Active LOW) 
Bit Select Inputs (Active LOW) 
Address Inputs 
Data Inputs 
Data Outputs 



-

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

Storage Temperature - 65°C to + 150°C 
Supply Voltage (VEE) 
Case Temperature (T d 

Min 
-5.46 

o 

Typ 
-5.2 

Max 
-4.94 

+75 

Units 
V 
°C 

Maximum Junction Temperature (TJ) 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output High) 

Lead Temperature 
(Soldering, 10 seconds) 

+ 175°C 

-7.0Vto +0.5V 

VEE to +0.5V 

-30 rnA to +0.1 rnA 

300°C 

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

DC Electrical Characteristics VEE = -5.2V, VCC = VCCA = GND, Tc = O°Cto +75°C(Note) 

Symbol Parameter Conditions Tc Min Max Units 

VOH Output High Voltage VIN = VIH(max) Loading is O°C -1000 -840 

orVIL(min) 50n to -2.0V + 25°C -960 -810 mV 

+75°C -900 -720 

VOL Output Low Voltage O°C -1870 -1665 

+ 25°C -1850 -1650 mV 

+ 75°C -1830 -1625 

VOHC Output High Voltage VIN = VIH(min) O°C -1020 

orVIL(max) +25°C -980 mV 

+ 75°C -920 

VOLC Output Low Voltage 
----- ---

O°C 
-- -

-1645 

+25°C -1630 mV 

+ 75°C -1605 

VIH Input High Voltage Guaranteed Input Voltage High for O°C -1145 -840 
All Inputs +25°C -1105 -810 mV 

+ 75°C -1045 -720 

VIL Input Low Voltage Guaranteed Input Voltage Low for O°C -1870 -1490 
All Inputs +25°C -1850 -1475 mV 

+75°C -1830 -1450 

IlL Input Low Current VIN = VIL(min) + 25°C 0.5 170 /J-A 

IIH Input HIGH Current VIN = VIL(max) 220 /J-A 

lEE Power Supply Current All Inputs and Outputs Open 
(5 ns) -230 

(7 ns) -200 rnA 

(10 ns) -200 

Note: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
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AC Performance Characteristics 
VEE = -5.2V ±5%, Vee = VeeA = GND, Output load-See Figure 1, Te = O°C to +75°C 

Symbol 
Parameter 

5ns 7ns 10 ns 
Units Notes 

Standard Common Min Max Min Max Min Max 

READ TIMING 

tBSlOV tABS Bit Select Access Time 4.0 5.0 5.0 ns 

tBSHOl tRBS Bit Select Recovery Time 4.0 5.0 5.0 ns Figure 3 

tAVOV tAA Address Access Time (Note 1) 5.0 7.0 10.0 ns 

WRITE TIMING 

tWlWH tw Write Pulse Width (Note 2) 3.5 5.0 7.0 ns 

tDVWl tWSD Data Setup Time 1.0 1.0 1.0 ns 

tWHDX tWHD Data Hold Time 1.0 1.0 1.0 ns 

tAVWl tWSA Address Setup Time (Note 2) 1.0 1.0 1.0 ns 
Figure 4 

tWHAX tWHA Address Hold Time 1.0 1.0 1.0 ns 

tBSlWl tWSBS Bit Select Setup Time 1.0 1.0 1.0 ns 

tWHBSH tWHBS Bit Select Hold Time 1.0 1.0 1.0 ns 

tWlOl tws Write Disable Time 4.0 5.0 5.0 ns 

tWHOV tWR Write Recovery Time 5.0 7.0 7.0 ns 

All ECl RAM products (except for Register File RAMs) in 
ceramic packages: dual-in-line, and flatpak are polyimide 
die-coated to decrease sensitivity to alpha particles emit-
ted primarily by the seal glass and ceramic of the pack-
age. 

Note 1: The maximum address access time is guaranteed to be for the worst-case single bit in the memory using a pseudorandom testing pattern. 

Note 2: tw measured at tWSA = Min, tWSA measured at tw = Min. 
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Functional Description 
The 10422 is a fully decoded 1024-bit read/write random 
access memory, organized 256 words by four bits. Word 
selection is achieved by means of an 8-bit address, Ao 
through A7. 

Four Bit Select inputs are provided for logic flexibility. For 
larger memories, the fast bit select access time permits the 
decoding of individual bit selects from the address without 
increasing address access time. 

The read and write operations are controlled by the state of 
the active-LOW Write Enable (WE) input. With WE held 
LOW and the bit selected, the data at 00-03 is written into 
the address location. Since the write function is level trig
gered, data must be held stable for at least tWSD(Min.L£!US 
tW(Min) plus tWHD(Min) to insure a valid write. To read, WE is 
held HIGH and the bit selected. Non-inverted data is then 
presented at the outputs (00-03). 

The outputs are inactive (LOW) during that portion of the 
write cycle when Write Enable and Bit Select are true 
(LOW). 

The outputs of the 10422 are unterminated emitter follow
ers, which allow maximum flexibility in choosing output con
nection configurations. In many applications it is desirable to 

Ao 

AI 

A2 
ROW 256 

SELECT BITS 

A3 

A4 

AS 

tie the outputs of several 10422 devices together to allow 
easy expansion. In other applications the wired-OR need 
not be used. In either case an external 50n pull-down resis
tor to - 2V or an equivalent network must be used to pro
vide a LOW at the output. 

Truth Table 
Inputs Output 

Mode 
BSn WE On On 

H X X L Not Selected 

L L L L Write "0" 

L L H L Write "1" 

L H X Data Read 

Each bit has independent 88, 0, and 0, but all have common WE 

H = HIGH Voltage Levels = -O.9V (Nominal) 

L = LOW Voltage Levels = -1.7V (Nominal) 

X = Don't Care 

Data = Previously Stored Data 

256 
BITS 

COLUMN 
SELECT 

256 
BITS 

256 
BITS 

TL/D/9642-4 

FIGURE 1. Logic Diagram 
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C'I 
C'I 

g AC Test Conditions ,.... 

Notes: 

All Timing Measurements Referenced to 50% of Input Levels. 

CL :!:: 5 pF including Fixture and Stray Capacitance. 

RL = 500 to -2.0V. 

Read Mode 

ADDRESS 

DATA OUTPUT 

GND 

FIGURE 2. AC Test Circuit 

FIGURE 3. Input Levels 

FIGURE 4. Read Mode Propagation Delay 
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r---------------------------------------------------------------------------------------, -4 

Write Mode 

ADDRESS ADDRESS VALID 

DATA INPUT DATA VALID 

twso-~------tw------.j- tWHO -

) 

. t~~ 
DATA OUTPUT ~50' 

FIGURE 5. Write Mode Timing 
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~National 
D Semiconductor 

PRELIMINARY 

NM100500 ECl 1/0 256k BiCMOS SRAM 
262,144 X 1 Bit 

General Description 
The NM100500 is a 262,144-bit fully static, asyncronous, 
random access memory organized as 262,144 words by 1 
bit. The device is based on National's advanced one micron 
SiCMOS III process. This process utilizes advanced lithog
raphy and processing techniques with double polysilicon 
and double metal bringing high density CMOS to perform
ance driven ECl designs. National's combination of high 
performance technology and speed optimized circuit de
signs results in a very high speed memory device. 

Reading the memory is accomplished by pulling the chip 
select (5) pin lOW while the write enable (W) pin remains 
HIGH allowing the memory contents to be displayed on the 
output pin (0). The output pin will remain inactive (lOW) if 
either the chip select (5) pin is HIGH or the write enable (W) 
pin is lOW. 

Writing to the device is accomplished by having the chip 
select (5) and the write enable (W) pins lOW. Data on the 
input pin will then be written into the memory address speci
fied on the address pins (AO-A 17). 

Connection Diagrams 
400 Mil Ceramic DIP 

\.J 
0- 1 24 t-vcc 

AO- 2 23 t-D 
Al- 3 22 -5 
A2- 4 21-W 

A3- 5 20 -A17 

A4- 6 19 -A16 

A5- 7 18 -A15 

A6- 8 17 -A14 

A7- 9 16 -A13 

A8- 10 15 -A12 

A9- 11 14 -All 

v[[- 12 13 -Al0 

Tl/D/9708-1 

Top View 

Features 
• 15 ns/18 ns speed grades over the commercial 

temperature range 
• Balanced read and write cycle times 
• Write cycle timing allows 33% of cycle time for system 

skews 
• Temperature compensated FlOOk ECl I/O 
• Power supply -4.2V to -4.8V 
• low power dissipation < 1 W 
• Soft error rate less than 100 FIT 
• Over 2000V ESD protection 
• One micron BiCMOS III process technology 
• Over 200 mA latch-up immunity 
• low inductance, high density 24-pin flatpak 

A16-1 

A17- 2 

w- 3 

$- 4 

D- 5 

vcc - 6 
Q- 7 

AO- 8 

Al- 9 

A2- 10 

A3- 11 

365 x 535 Ceramic Flatpak 
(30 Mil lead Pitch) 

24~A15 

23 -AU 

22 -A13 

21 -A12 

20 -All 

19 -Al0 

18 -VEE 

17 .... A9 

16 .... A8 

A4- 12 

15 f-A7 

14 .... A6 

13 f-A5 

~------------------------~ Tl/D/9708-2 
Top View 

Pin Names 

AO-A17 Address Inputs 

S Chip Select 

W Write Enable 

0 Data Out 

0 Data In 

Vee Ground 

VEE Power 
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Absolute Maximum Ratings AC Test Conditions 
Above which useful life may be impaired Input Pulse Levels Figure 1 
If Military! Aerospace specified devices are required, Input Rise and Fall Times 0.7 ns 
contact the National Semiconductor Sales Office! 

Output Timing Referrence Levels 50% of Input 
Distributors for availability and specifications. 

Storage Temperature - 65°C to + 150°C 
AC Test Circuit Figure 2 

VEE Pin Potential to Ground Pin -7.0V to +0.5V Capacitance Tested by Sample Basis 
Input Voltage (DC) VEE to +0.5V 

Static Discharge Voltage Symbol Parameter Max Units 

(Per MIL-STD 883) >2001V CIN Input Pin Capacitance 5.0 pF 
Maximum Junction Temperature (TJ) +150°C 

COUT Output Pin Capacitance 8.0 pF 
Output Current (DC Output HIGH) -50mA 

Latch-Up Current >200 mA 

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

DC Electrical Characteristics VEE = -4.2Vto -4.8V, Vcc = Ground, Tc = O°Cto +85°C 

Symbol Parameter Conditions Min Max Units 

VOH Output HIGH Voltage VIN = VIH(Max) or VIL(Min), -1025 -880 mV 

VOL Output LOW Voltage Loading with 50n to - 2.0V -1810 -1620 mV 

VOHC Output HIGH Voltage VIN = VIH(Min) or VIL(Max), -1025 mV 

VOLC Output LOW Voltage- Loading with 50n to - 2.0V -1620 --- mV -
-

VIH Input HIGH Voltage -1165 -880 mV 

VIL Input LOW Voltage -1810 -1475 mV 

IIH Input HIGH Current VIN = VIH(Min) 220 /-LA 

IlL Input LOW Current VIN = VIL(Max) -50 170 /-LA 

lEE Power Supply Current to = 50 MHz -200 mA 

All voltages are referenced to Vee pin = av. 

Vce 
I 

~-O'9V 

~ 
50% 

---20% 20% -1.7V Nt.4100500 

i~ ~RL 
Q 

trt- -tf 

I, = Rise Time TLIO/970B-3 

If = Fall Time - -2.0V 

50% = Timing Reference Levels 

FIGURE 1. Input Levels .£1 ~ =3pr(l,,""" S,"'" .,d Jig] 
0.1 J.'F I. RL =50.n 

-= VEE 
TL/O/970B-4 

FIGURE 2. AC Test Circuit 
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Logic Diagram 

5 W D Q 

H X X L 

L L L L 

L L H L 

L H X Q 

w-..... --t 

S--~:JI 

D------------~ 

AAAAAAAAAA 
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Mode 

Not Selected 

Write "0" 

Write "1" 

Read 

Q 

TL/D/9708-5 



Read Cycles 

AC Timing Characteristics VEE = -4.2Vto -4.8V, Vee = Ground, Te = O·Cto +85·C 

No. 
Symbol 

Parameter 
NM100500-15 NM100500-18 

Std. Alt. Min Max Min Max 

1 TAVAX TRC Address Valid to Address Invalid 15 18 

2 TAVQV TAA Address Valid to Output Valid 15 18 

3 TAXQX TOH Address Invalid to Output Invalid 3 3 

4 TSLSH TRC Chip Select LOW to Chip Select HIGH 7 7 

5 TSLQV TACS Chip Select LOW to Output Valid 5 5 

6 TSHQL TRCS Chip Select HIGH to Output LOW 4 4 

Reaf;! Cycle 1 
Where S is active prior to or within TAVQV-TSLQV after address valid. 

TAVAX (1) 

-A (ADDRESS) XXXXX ADDRESS VALID XXXXXXXXXX - TAXQX (3) 
TAVQV (2) 

I 1-
Q (DATA OUT) XXXXXXXXXXXX(PREVIOUS DATA)XXXXXXXXXXXXX: DATA VALID XXXXX 

1 1-

Read Cycle 2 
~ -------- -- --- -- -------------~----------- -- -

Where address is valid a minimum of TAVQV-TSLQV prior to S becoming active. 

1 
TSLSH (4) 

t~HQl(6)~ S (CHIP SELECT) 

TSLQV (5) { Q (DATA OUT) DATA VALID 
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ns 

ns 

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

AC Timing Characteristics VEE = -4.2Vto -4.8V, Vee = Ground, Te = O·Cto +85·C 

No. 
Symbol 

Parameter 
NM100S00-1S NM100S00-18 

Units 
Std. Alt. Min Max Min Max 

1 TAVAX TWC Address Valid to Address Invalid 15 18 ns 

7 TWLSH Write Enable LOW to Chip Select HIGH 10 12 ns 

8 TWHAX TWHA Write HIGH to Address Don't Care 0 3 ns 

9 TWLWH TW Write LOW to Write HIGH 10 12 ns 

10 TAVWL TWSA Address Valid to Write LOW 0 2 ns 

11 TDVWH Data Valid to Write HIGH 10 14 ns 

12 TWHDX TWHD Write HIGH to Data Don't Care 0 3 ns 

13 TWLQL TWS Write LOW to Output LOW 5 5 ns 

14 TWHQV TWR Write HIGH to Output Valid 15 18 ns 

TAVAX (1) -A (ADDRESS) xxx: ADDRESS VALID XXXXXX -
lWLSH (7) 

I 
S (CHIP SELECT) \ \ \ l\\\\ X//' 1////// 

lWLWH (9) lWHAX (8) 

Vi (WRITE ENABLE) \ \' l\ \ \ \ \ \ \ \.: ~rLL///////// 
I--TAVWL (10)- .I=TDVWH (11)---::: 

• t::.lWHDX (12) 

o (DATA IN) X x x x x x x x x x X XXXXXXXXX]I[ DATA VALID ]I[ XXXXx}(XXX 
'I I 

I-lWLOL (13)~ 

o (DATA OUT) XXXXXXX:~~~I~~~ ~ttt~8X8XXC 
t-lWHOV (14)}ii// 

TLlD/970B-B 
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Write Cycle 2 
This write cycle is S controlled, where W is active prior to, or coincident with, S becoming active (LOW). Write cycle 2 has 
identical specifications to write cycle 1 with the exceptions of Wand S being interchanged. This write cycle may be more 
convenient for common I/O applications because data bus restrictions are alleviated. 

AC Timing Characteristics VEE = -4.2Vto -4.8V, Vee = Ground, Te = O°Cto +85°C 

No. 
Symbol 

Parameter 
NM100500·15 NM10050Q·18 

Units 
Std. Alt. Min Max Min Max 

15 TAVSL TWSA Address Valid to Chip Select LOW 0 2 ns 

16 TSLSH Chip Select LOW to Chip Select HIGH 10 12 ns 

17 TSHAX TWHA Chip Select HIGH to Address Don't Care 0 3 ns 

18 TSLWH Chip Select LOW to Write Enable HIGH 10 12 ns 

19 TDVSH Data Valid to Chip Select HIGH 10 14 ns 

20 TSHDX TWHD Chip Select HIGH to Data Don't Care 0 3 ns 

TAVAX (1) 

A (ADDRESS) XXX ADDRESS VALID XXXXXXX 

TAVSL (15) TSLSH (16) 

S (CHIP SELECT) 'III VIIIIIII 
TSLWH (18) 

-TSHAX(17) 

Vi (WRITE ENABLE) ~ tlllllill 
---- _ . _ - .. TOYSH (19)-=: _~1SHOX (20) 

o (OATA IN) xxxxxxxxxxxxxxxxxxxxx4:= DATA VAllO - :JQQOOQQQ( 

Q (DATA OUT) 
LOW LOW 

TLID/9708-9 
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Consecutive Write Cycles 

AC Timing Characteristics VEE = -4.2Vto -4.8V, Vee = Ground, Te = O"Cto +85"C 

No. 
Symbol 

Parameter 
NM100500·15 NM100500·18 

Units 
Std. Alt. Min Max Min Max 

21 TWHWL ITWP Write Enable HIGH to Write Enable LOW 4 4 ns 

22 TSHSL ITSP Chip Select HIGH to Chip Select LOW 4 4 ns 

Minimum Write Pulse Disable 

A (ADDRESS) 

~ Vi (WRITE ENABLE) 

TL/D/9708-10 

Minimum Select Pulse Disable 

A (ADDRESS) 

~ S (CHIP SELECT) 

TLID/9708-11 

I 
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Standard Timing Parameter 
Abbreviations 

T X X X X 

'Igoal oam. frnm whl,h l,t.",,1 • d"",d~ J II 
Transition direction for first signal 

Signal name to which Interval Is defined 
Transition direction for second signal 

TIMING EXPLANATIONS 

Tl/D/9708-12 

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

The transition definitions used in this data sheet are. 

H = Transition to HIGH State 
L = Transition to LOW State 
v = Transition to Valid State 
X = Transition to Invalid or Don't Care Condition 

Ordering Information 
Part Number Temperature Range 

NM100500 O°C to +85°C 

NM100500 O°C to +85°C 

5-51 

XXXXXXXXX Invalid or don't care condition 

~\\\\\\ 

1lIIJ/// 

Package Type 

24 Pin Ceramic DIP 

24 Pin Flatpak 

Transition from high to low 
can occur during this period 

Transition from low to high 
can occur during this period 

Tl/D/9708-13 

Ordering Code 

NM100500015/18 

NM100500F15/18 
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~ ~National 
z a Semiconductor 

PRELIMINARY 

NM5100 ECl 1/0 256k BiCMOS SRAM 
262,144 x 1 Bit 

General Description 
The NM5100 is a 262,144-bit fully static, asyncronous, ran
dom access memory organized as 262,144 words by 1 bit. 
The device is based on National's advanced one micron 
BiCMOS III process. This process utilizes advanced lithog
raphy and processing techniques with double polysilicon 
and double metal bringing high density CMOS to perform
ance driven ECl designs. National's combination of high 
performance technology and speed optimized circuit de
signs results in a very high speed memory device. 

The NM5100 operates with a supply voltage of -5.2V 
±5%, yet the input and output voltage levels are tempera
ture compensated 100k ECl compatible. 

Reading the memory is accomplished by pulling the chip 
select (5) pin lOW while the write enable (W) pin remains 
HIGH allowing the memory contents to be displayed on the 
output pin (0). The output pin will remain inactive (lOW) if 
either the chip select (5) pin is HIGH or the write enable (W) 
pin is lOW. 

Writing to the device is accomplished by having the chip 
select (5) and the write enable (W) pins lOW. Data on the 
input pin will then be written into the memory address speci
fied on the address pins (AO-A 17). 

Connection Diagrams 
400 Mil Ceramic DIP 

\.J 
Q- 1 24 -Vee 

AO- 2 23 -0 

Al- 3 22 -s 
A2- 4 21-W 

A3- 5 20 -A17 

A4- 6 19 -A16 

A5- 7 18 f-A15 

A6- 8 17 f-A14 

A7- 9 16 f-A13 

A8- 10 15 f-A12 

A9- 11 141-All 

Vrr - 12 13 f-Al0 

TL/D/9451-1 

Top View 

Features 
• 15 ns/18 ns speed grades over the commercial 

temperature range 
• Balanced read and write cycle times 
• Write cycle timing allows 33% of cycle time for system 

skews 
• Temperature compensated F100k ECl I/O 
• Power supply -5.2V ±5% 
• low power dissipation < 1.1 W 
• Soft error rate less than 100 FIT 
• Over 2000V ESD protection 
• One micron BiCMOS III process technology 
• Over 200 mA latch-up immunity 
• low inductance, high density 24-pin f1atpack 

A16- 1 

A17- 2 

w- 3 

s- 4 

D- 5 

Vcc - 6 

0- 7 

AO- 8 

Al- 9 

A2- 10 

A3- 11 

365 x 535 Ceramic Flatpack 
(30 Mil Lead Pitch) 

24 -A15 

23 -A14 

22 -A13 

21,...A12 

20 f-All 

19 ~Al0 

18 r-Vrr 

17 ~A9 

16 -AS 

15 -A7 

14 -A6 

13 ~A5 A4- 12 

~------------------------~ TL/D/9451-2 

Top View 

Pin Names 

AO-A17 Address Inputs 

S Chip Select 

W Write Enable 

0 Data Out 

D Data In 

Vee Ground 

VEE Power 
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Absolute Maximum Ratings AC Test Conditions 
Above which useful life may be impaired Input Pulse Levels Figure 1 
If Military I Aerospace specified devices are required, Input Rise and Fall Times 0.7 ns 
contact the National Semiconductor Sales Officel 

Output Timing Referrence Levels 50% of Input 
Distributors for availability and specifications. 

Storage Temperature - 65°C to + 150°C 
AC Test Circuit Figure 2 

VEE Pin Potential to Ground Pin -7.0V to + 0.5V Capacitance Tested by Sample Basis 
Input Voltage (DC) VEE to +0.5V 

Static Discharge Voltage Symbol Parameter Max Units 

(Per MIL-STD 883) >2001V CIN Input Pin Capacitance 5.0 pF 
Maximum Junction Temperature (TJ) +150°C 

COUT Output Pin Capacitance 8.0 pF 
Output Current (DC Output HIGH) -50mA 

Latch-Up Current >200 rnA 

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

DC Electrical Characteristics VEE = -5.2V ±5%. Vcc = Ground. Tc = O°Cto +85°C 

Symbol Parameter Conditions Min Max Units 

VOH Output HIGH Voltage VIN = VIH(Max) or VIL(Min). -1025 -880 mV 

VOL Output LOW Voltage Loading with 50n to - 2.0V -1810 -1620 mV 

VOHC Output HIGH Voltage VIN = VIH(Min) or VIL(Max). -1025 mV 
- - - - -- ----- --- Loading with 50n to .. .:..:c 2.0V -1620 mV VOLC Output LOW Voltage 

VIH Input HIGH Voltage -1165 -880 rnA 

VIL Input LOW Voltage -1810 -1475 mV 

IIH Input HIGH Current VIN = VIH(Min) 220 }.LA 

IlL Input LOW Current VIN = VIL(Max) -50 170 }.LA 

lEE Power Supply Current fo = 50 MHz -200 rnA 

All voltages are referenced to Vee pin = OV. 

Vee 
I 

~-o.'v 

~ 50% 
NM5100 ........ Q 

20% 20% -1.7V 

iCL fRL trl- -tf 

tR = Rise Time TL/D/9451-3 - -2.0V 
tF = Fall Time 
50% = Timing Reference Levels 

FIGURE 1. Input Levels . fi C,· 3 pF (lo",d;o, Scope oed J., 
0.1 J.l.F.I. RL = 50n 

-=- VEE 
TL/D/9451-4 

FIGURE 2. AC Test Circuit 
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Truth Table 

Logic Diagram 

s W D Q 

H X X L 

L L L L 

L L H L 

L H X Q 

w-..... - ... 

S--.-.c:1I 
D-------..... 

AAAAAAAAAA 
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Mode 

Not Selected 

Write "0" 

Write "1" 

Read 

o 

TL/D/9451-5 



Read Cycles 

AC Timing Characteristics VEE = -5.2V ±5%, Vee = Ground, Te = O°Cto +85°C 

No. 
Symbol 

Parameter 
NM5100-15 NM5100-18 

Std. Alt. Min Max Min Max 

1 TAVAX TRC Address Valid to Address Invalid 15 18 

2 TAVQV TAA Address Valid to Output Valid 15 18 

3 TAXQX TOH Address Invalid to Output Invalid 3 3 

4 TSLSH TRC Chip Select LOW to Chip Select HIGH 7 7 

5 TSLQV TACS Chip Select LOW to Output Valid 5 5 

6 TSHQL TRCS Chip Select HIGH to Output LOW 4 4 

Reac! Cycle 1 
Where S is active prior to or within TAVQV·TSLQV after address valid. 

TAVAX (1) 

A (ADDRESS) XXXXX ADDRESS VALID XXXXXX:XXXX - TAXQX (3) 
TAVQV (2) ,I 

~ 

Q (DATA OUT) XX x x x x x X XXXX(PREVIOUS DATA)XXXXXXXXXXXXX DATA VALID XXXXX 
'I I 

-Read Cycle 2· -

Where address is valid a minimum of TAVQV·TSLQV prior to S becoming active. 

1 
TSLSH (4) 

t~HQL(6)1 S (CHIP SELECT) 

TSLQV (5) 

l Q (DATA OUT) DATA VALID 

5·55 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

TL/D/9451-6 

TL/D/9451-7 
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Write Cycle 1 
This write cycle is W controlled, where S is active (LOW) prior to W becoming active (LOW). In this write cycle the data out (0) 
may become active and requires observance of TWLOL to avoid data bus contention in common I/O applications. At the end of 
the write cycle the data out may become active if W becomes inactive (HIGH) prior to S becoming inactive (HIGH). 

AC Timing Characteristics VEE = -5.2V ±5%, Vee = Ground, Te = O·Cto + 85·C 

No. 
Symbol 

Parameter 
NM5100-15 NM5100-18 

Units 
Std. Alt. Min Max Min Max 

1 TAVAX TWC Address Valid to Address Invalid 15 18 ns 

7 TWLSH Write Enable LOW to Chip Select HIGH 10 12 ns 

8 TWHAX TWHA Write HIGH to Address Don't Care 0 3 ns 

9 TWLWH TW Write LOW to Write HIGH 10 12 ns 

10 TAVWL TWSA Address Valid to Write LOW 0 2 ns 

11 TDVWH Data Valid to Write HIGH 10 14 ns 

12 TWHDX TWHD Write HIGH to Data Don't Care 0 3 ns 

13 TWLOL TWS Write LOW to Output LOW 5 5 ns 

14 TWHOV TWA Write HIGH to Output Valid 15 18 ns 

TAVAX (1) 
-. 

A (ADDRESS) )OOO( ADDRESS VALID XXXXXX -
TWLSH (7) 

I 
S (CHIP SELECT) \ \ \ l\\\\ X/I. 1/////// 

TWLWH (9) TWHAX (8) 

iii (WRITE ENABLE) \ \ \ ,\\\\\\\\' "/////////// 
-TAVWL (10)- .t=TDVWH (11)--:: I::.TWHDX (12) 

o (DATA IN) XXXXXXXXXXX XXXXXXXXXX DATA VALID XXxxxxxxxx 
I I 

I---TWLQL~ 

Q (DATA OUT) gx~~~~~:~~I~uE ;~~=.. 
-TWHQV (14)}//// 

TL/D/9451-B 
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Write Cycle 2 
This write cycle is S controlled, where W is active prior to, or coincident with, S becoming active (LOW). Write cycle 2 has 
identical specifications to write cycle 1 with the exceptions of Wand S being interchanged. This write cycle may be more 
convenient for common I/O applications because data bus restrictions are alleviated. 

AC Timing Characteristics VEE = -S.2V ±S%, Vee = Ground, Te = O·Cto +85·C 

No. 
Symbol 

Parameter 
NM5100-15 NM5100·18 

Units 
Std. Alt. Min Max Min Max 

15 TAVSL TWSA Address Valid to Chip Select LOW 0 2 ns 

16 TSLSH Chip Select LOW to Chip Select HIGH 10 12 ns 

17 TSHAX TWHA Chip Select HIGH to Address Don't Care 0 3 ns 

18 TSLWH Chip Select LOW to Write Enable HIGH 10 12 ns 

19 TDVSH Data Valid to Chip Select HIGH 10 14 ns 

20 TSHDX TWHD Chip Select HIGH to Data Don't Care 0 3 ns 

TAVAX (1) - .1 
A (ADDRESS) XXXX ADDRESS VALID XXXXXXX 

TAVSL (15; I TSLSH (16) 

S (CHIP SELECT) 'III /1111111 

TSLWH (18) 
r--- TSHAX (17) 

Vi (WRITE ENABLE) ~. ~IIIIIIII 
----" 

- .. . TDVSH (19)----=: ~1SIIDX (20) 

o (DATA IN) XXXXXXXXXXXXXXXXXXXXX~ DATA VAlIDXXXXXXXX 

Q (DATA OUT) 
LOW LOW 

TL/D/94S1-9 
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Consecutive Write Cycles 

AC Timing Characteristics VEE = -5.2V ±5%, Vee = Ground, Te = O·Cto +85·C 

No. 
Symbol 

Parameter 
NM5100-15 NM5100-18 

Units 
Std. Alt. Min Max Min Max 

21 TWHWL ITWP Write Enable HIGH to Write Enable LOW 4 4 ns 

22 TSHSL ITSP Chip Select HIGH to Chip Select LOW 4 4 ns 

Minimum Write Pulse Disable 

A (ADDRESS) 

~ W (WRITE ENABLE) 

TLIO/9451-10 

Minimum Select Pulse Disable 

A (ADDRESS) 

~ S (CHIP SELECT) 

TL/O/9451-11 

Standard Timing Parameter Abbreviations TIMING EXPLANATIONS 

TXXXX The AC Operating Conditions and Characteristics tables 

SI,""I 00"" !<om ohloh 1." .... 1 I, 'ofi"'--' J 1] typically show either a minimum or maximum limit for a de-

Transition direction for first signal vice parameter. Those timing parameters which show a min-
Signal name to which Interval Is defined imum value do so because the system must supply at least 

Transition direction for second signal that much time, even though most devices do not need the 
TL/O/9451-12 full amount. Thus, input requirements are specified from the 

The transition definitions used in this data sheet are. external point of view. In contrast, responses from the mem-
H = Transition to HIGH State ory devices (Le., access times) are specified as a maximum 
L = Transition to LOW State time because the device will never provide the data later 
v = Transition to Valid State than this stated value, and usually, much sooner. 
x = Transition to Invalid or Don't Care Condition 

XXXXXXXXX Invalid or don't care condition 

\\..\&.~~ Transition from high to low 
can occur during this period 

LZZZZZZ7 Transition from low to high 
can occur during this period 

TL/O/9451-13 

Ordering Information 
Part Number Temperature Range Package Type Ordering Code 

NM5100 O·Cto +85·C 24 Pin Ceramic DIP NM5100D15/18 

NM5100 O·Cto + 85·C 24 Pin Flatpack NM5100F15/18 
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~National 
~ Semiconductor 
NM100494/NM4494 
64k BiCMOS SRAM 16k x 4 

General Description 
The NM100494/NM4494 are 65,536-bit fully static, asyn
chronous random access memories organized as 16,384 
words by 4 bits. The NM100494INM4494 are based on Na
tional's advanced one micron BiCMOS process. This pro
cess utilizes advanced lithography and processing tech
niques with double polysilicon and double metal bringing 
high density CMOS to performance driven ECl designs. Na
tional's combination of this high performance technology 
and a speed optimized circuit design results in a very high
speed memory device. 

-Connection Diagrams-

28-Pln Ceramic DIP 

VCCQ VCC 

02 01 

03 00 

AO 4 03 

Al 5 02 

A2 6 01 

A3 7 DO 

A4 S 
AS WI 
A6 10 W2 
A7 11 A13 

A8 12 A12 

A9 13 16 All 

VEE 14 15 Al0 

TLlD/9744-1 

Top View 

ADVANCE INFORMATION 

Features 
• 12 ns T AA, T we over the commercial temperature 

range 
• Balanced read and write cycle times 
• Write cycle timing allows 33% of cycle time for system 

skews 
• Temperature compensated 100k Eel 110 
• low power dissipation-less than 1W @ 50 MHz 
• Soft error rates less than 100 FIT 
• Over 2000V ESD protection 
• One micron BiCMOS process technology 
• 200 mA latch-up immunity 
• 28-pin ceramic DIP/28-pin ceramic flatpak 
• NM100494: power supply = -4.2V to -4.8V 
• NM4494: power supply = -5.2V ± 5% 

28-Pin Ceramic Flatpak 
(30 Mil Lead Pitch) 

DO 28 

01 27 WI 
02 26 W2 
03 25 A13 

00 24 A12 

01 23 All 

VCC 22 Al0 

VCCQ 21 VEE 

02 9 20 A9 

03 10 A8 

AO 11 A7 

Al 12 17 A6 

A2 13 16 AS 

A3 14 15 A4 

TL/D/9744-2 

Top View 
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~National 
~ Semiconductor 
NM100504/NM5104 
256k BiCMOS SRAM 64k x 4 

General Description 
The NM100504INM5104 are 262,144-bit fully static, asyn
chronous, random access memories organized as 65,536 
words by 4 bits. The NM100504/NM5104 are based on Na
tional's advanced one micron BiCMOS process. This pro
cess utilizes advanced lithography and processing tech
niques with double polysilicon and double metal bringing 
high density CMOS to performance driven ECl designs. Na
tional's combination of this high performance technology 
and a speed optimized circuit design results in a very high
speed memory device. 

Connection Diagrams 

28-Pin Ceramic DIP 

02 2B Vee 

03 2 01 

AO 00 

Al 03 

A2 02 

A3 01 

A4 7 DO 

AS B S 
AS Vi 
A7 10 A15 

AB 11 lB A14 

A9 12 17 A13 

Al0 13 16 A12 

VEE 14 15 All 

TL/D/9745-1 

Top View 

ADVANCE INFORMATION 

Features 
• 15 ns T AA, T we over the commercial temperature 

range 
• Balanced read and write cycle times 
• Write cycle timing allows 33% of cycle time for system 

skews 
• Temperature compensated FlOOk ECl I/O 
• low power dissipation < 1 W @ 50 MHz 
• Soft error rates less than 100 FIT 
• Over 2000V ESD protection 
• One micron BiCMOS process technology 
• 200 mA latch-up immunity 
• 28-pin ceramic DIP/28-pin ceramic flatpak 
• NM100504: power supply = -4.2V to -4.8V 
• NM5104: power supply = -5.2V ±5% 

28-Pin Ceramic Flatpak 
(30 Mil Lead Pitch) 

DO 2B S 
01 Vi 
02 A15 

03 A14 

00 A13 

01 A12 

Vee 7 All 

02 VEE 

03 Al0 

AO 10 A9 

Al 11 AB 

A2 12 A7 

A3 13 AS 

A4 14 15 AS 

TL/D/9745-2 

Top View 
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~National 
~ Semiconductor 
NM 1 00490/NM4490 
64k BiCMOS SRAM 64k x 1 

General Description 
The NM100490INM4490 are 65,536-bit fully static, asyn
chronous, random access memories organized as 65,536 
words by 1 bit. The NM100490/NM4490 are based on Na
tional's advanced one micron BiCMOS process. This pro
cess utilizes advanced lithography and processing tech
niques with double polysilicon and double metal bringing 
high density CMOS to performance driven ECl designs. Na
tional's combination of this high performance technology 
and a speed optimized circuit design results in a very high
speed memory device. 

.. Connection Diagram -

ADVANCE INFORMATION 

Features 
• 12 ns T AA, T we over the commercial temperature 

range 
• Balanced read and write cycles. 
• Write cycle timing allows for 33% of cycle time for sys-

tem skew. 

• Temperature compensated F100k ECl liD 
• low power dissipation < 1 W 
• Soft error rate less than 100 FIT 
• Over 2000V ESD protection 
• One micron BiCMOS process technology 
• 200 mA latch-up immunity 
• 22-pin ceramic DIP 
• NM100490: Power supply = -4.2V to -4.BV 
• NM4490: Power supply = -5.2V to ±5% 

-- - ----

22-Pln Ceramic DIP 

\...../ 
Q- 1 22 ~Vcc 

AO- 2 21 ~D 

Al- 3 20 ~S 

A2- 4 19~W 

A3- 5 18 ~A15 

A4- 6 17 ~A14 

A5- 7 16 -A13 

A6- 8 15 ~A12 

A7- 9 14 ~All 

A8- 10 13 ~Al0 

VEE - 11 12 ~A9 

TL/D/9746-1 

Top View 
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Section 6 
TTL 1/0 Static RAMs 



Section 6 Contents 
TIL I/O-MOS SRAM Selection Guide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-3 
BIPOLAR STATIC RAMS 
DM54S189/DM74S189 64-Bit(16 x 4) TRI-STATE RAM..... ............................ 6-6 
DM54S189A/DM74S189A High Speed 64-BitTRI-STATE RAM.......................... 6-6 
DM74S289 64-Bit (16 x 4) Open Collector RAM........................................ 6-13 
93415/93L415 1024 x 1-Bit Static Random Access Memory ............................. 6-17 
93L415A 1024 x 1-Bit Static Random Access Memory. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-24 
93422 256 x 4-Bit Static Random Access Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-25 
93L422 256 x 4-Bit Static Random Access Memory......... ............................ 6-31 
93L422A 256 x 4-Bit Static Random Access Memory. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-37 
93425/93L425 1024 x 1-Bit Static Random Access Memory ............................. 6-38 
93L425A 1024 x 1-Bit Static Random Access Memory. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-45 
93479256 x 9-Bit Static Random Access Memory...................................... 6-46 
MOS STATIC RAMS 
MM54/74C89 65-Bit TRI-STATE Random Access Read/Write Memory................... 6-53 
MM54174C200 256-Bit TRI-STATE Random Access Read/Write Memory................. 6-58 
MM54174C910 256-Bit TRI-STATE Random Access Read/Write Memory................. 6-62 
MM54174C989 64-Bit (16 x 4) TRI-STATE Random Access Memory...................... 6-67 
NMC2147H 4096 x 1-Bit Static RAM .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-71 
NMC2148H 1024 x 4-Bit Static RAM.................................................. 6-76 
NM1600/NM1601 65,536 x 1-Bit Static RAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-81 
1600A/1601 A 65,536 x 1-Bit Static RAM Military Temperature Range. . . . . . . . . . . . . . . . . . . . . 6-89 
NM1620/NM1621 16,384 x 4-Bit Static RAM............... ............................ 6-97 
1620/1621 65,536-Bit Static RAM Military Temperature Range. . . . . . . . . . . . . . . . . . . . . . . . . .. 6-106 
NM1624/NM162516,384 x 4-Bit Static RAM........................................... 6-115 
1624/1625 16,384 x 4-Bit Static RAM Military Temperature Range. . . . . . . . . . . . . . . . . . . . . . .. 6-125 
EDGE TRIGGERED REGISTERS 
DM75S68/68A/85S68/68A 16 x 4 Edge Triggered Registers............................ 6-134 
TTLFIFOS 
DM75/85X431 64 x 8 No-Fall-Through FIFO Memories.................................. 6-138 
DM75/85X432 128 x 4 No-Fall-Through FIFO Memories. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-144 
DM75/85X433 128 x 5 No-Fall-Through FIFO Memories................................. 6-144 
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~Nationai 
Semiconductor 

TTL I/O-MOS Static RAM Selection Guide 

Part Number Organization Outputs Pins 
Access 

Temperature Range 
Time 

TTL I/O STATIC RAMS 

DM54S189 16x4 TS 16 50 - 55°C to + 125°C 

DM54S189A 16x4 TS 16 30 - 55°C to + 125°C 

DM74S189 16x4 TS 16 35 O°Cto + 70°C 

DM74S189A 16x4 TS 16 25 O°Cto + 70°C 

DM74S289 16 x 4 DC 16 35 O°Cto +70°C 

93415 1k x 1 DC 16 45 O°Cto + 70°C 
60 - 55°C to + 125°C 

93415A 1k x 1 DC 16 30 O°Cto + 70°C 
40 - 55°C to + 125°C 

93415-25 1k x 1 DC 16 25 - 55°C to + 125°C 

93415-20 1k x 1 DC 16 20 O°Cto + 70°C 

93L415 1 k x 1 DC 16 60 O°Cto + 70°C 
70 - 55°C to + 125°C 

93L415A 1 k x 1 DC 16 45 O°Cto + 70°C 
50 - 55°C to + 125°C 

93L415-25 1 k x 1 DC 16 25 - 55°C to + 125°C 

93L415-20 1 k x 1 DC 16 20 O°Cto +70°c 

93422 256x4 TS 22 45 O°Cto + 70°C 
60 - 55°C to + 125°C 

93422A 256x4 TS 22 35 O°Cto + 70°C 
45 - 55°C to + 125°C 

93L422 256x4 TS 22 60 O°Cto +70°c 
75 - 55°C to + 125°C 

93L422A 256x4 TS 22 45 O°Cto + 70°C 
55 - 55°C to + 125°C 

93L422-30 256x4 TS 22 30 - 55°C to + 125°C 

93L422-25 256x4 TS 22 25 O°Cto +70°c 

93425 1 k x 1 TS 16 45 O°Cto + 70°C 
60 - 55°C to :+- 125°C 

93425A 1 k x 1 TS 16 30 O°Cto + 70°C 
40 - 55°C to + 125°C 

93425-25 1 k x 1 TS 16 25 - 55°C to + 125°C 

93425-20 1 k x 1 TS 16 20 O°Cto + 70°C 

93L425 1k x 1 TS 16 60 O°Cto +70°c 
70 - 55°C to + 125°C 
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TTL I/O-MOS Static RAM Selection Guide (Continued) 

Part Number Organization Outputs Pins 

TTL I/O STATIC RAMS (Continued) 

93L425A 1k x 1 TS 16 

93L425-25 1k x 1 TS 16 

93L425-20 1k x 1 TS 16 

93479 256x9 TS 22 

93479A 256x9 TS 22 

MOS STATIC RAMS 

NMC2147H 4kx 1 TS 18 

NMC2147H-3 4kx 1 TS 18 

NMC2147H-2 4k x 1 TS 18 

NMC2147H-1 4kx 1 TS 18 

NMC2147H-3L 4k x 1 TS 18 

NMC2148H 1kx4 TS 18 

NMC2148H-3 1kx4 TS 18 

NMC2148H-2 1kx4 TS 18 

NMC2148H-1 1k x4 TS 18 

NMC2148H-3L 1kx4 TS 18 

1600A-55 64kx 1 TS 22 

1600A-45 64kx 1 TS 22 

NM1600-35 64kx 1 TS 22 
1600A-35 

NM1600-30 64kx 1 TS 22 
1600A-30 

NM1600-25 64kx 1 TS 22 

1601A-55 64kx 1 TS 22 

1601A-45 64kx 1 TS 22 

NM1601-35 64kx 1 TS 22 
1601A-35 

NM1601-30 64kx 1 TS 22 
1601A-30 

NM1601-25 64kx 1 TS 22 

1620-55 16kx4 TS 22 

1620-45 16kx4 TS 22 

NM1620-35 16kx4 TS 22 
1620-35 

NM1620-30 16kx4 TS 22 
1620-30 

NM1620-25 16kx4 TS 22 

1621-55 16kx4 TS 22 

6-4 

Access 
Temperature Range 

Time 

45 O·C to +70"C 
50 - 55·C to + 125·C 

25 - 55·C to + 125·C 

20 O·Cto +70·C 

45 O·Cto +70·C 
60 - 55·C to + 125·C 

35 O·Cto +70·C 
45 - 55·C to + 125·C 

70 O·C to +70·C 

55 O·Cto +70·C 

45 O·Cto +70·C 

35 O·C to +70·C 

55 O·Cto +70·C 

70 O·Cto +70·C 

55 O·Cto +70·C 

45 O·C to +70·C 

70 O·Cto +70·C 

55 O·Cto +70·C 

55 - 55·C to + 125·C 

45 - 55·C to + 125·C 

35 O"Cto +70·C 
- 55·C to + 125·C 

30 O·Cto +70·C 
- 55·C to + 125·C 

25 O·C to +70·C 

55 - 55·C to + 125·C 

45 - 55·C to + 125·C 

35 O·Cto +70·C 
- 55·C to + 125·C 

30 O·C to +70·C 
- 55·C to + 125·C 

25 O·C to +70·C 

55 -55·C to + 125·C 

45 - 55·C to + 125·C 

35 O·Cto +70·C 
- 55·C to + 125·C 

30 O·Cto +70·C 
- 55·C to + 125·C 

25 O·Cto +70·C 

55 - 55·C to + 125·C 



TTL I/O-MOS Static RAM Selection Guide (Continued) 

Part Number Organization Outputs Pins 

MOS STATIC RAMS (Continued) 

1621-45 16k x 4 TS 22 

NM1621-35 16kx 4 TS 22 
1621-35 

NM1621-30 16kx4 TS 22 
1621-30 

1621-25 16kx4 TS 22 

1624-55 16k x4 TS 24 

1624-45 16k x4 TS 24 

NM1624-35 16k x4 TS 24 
1624-35 

NM1624-30 16k x4 TS 24 
1624-30 

NM1624-25 16k x4 TS 24 

1625-55 16k x 4 TS 24 

1625-45 16kx4 TS 24 

NM1625-35 16kx 4 TS 24 
- J625-35 _ - -- -- -- --------- - - - - -----

NM1625-30 16kx4 TS 24 
1625-30 

NM1625-25 16kx 4 TS 24 

EDGE-TRIGGERED REGISTERS 

DM75S68 16kx4 TS 16 

DM75S68A 16kx 4 TS 16 

DM85S68 16k x 4 TS 16 

DM85S68A 16kx 4 TS 16 
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Access 
Time 

45 

35 

30 

25 

55 

45 

35 

30 

25 

55 

45 

35 
-- -- - -----

30 

25 

55 

45 

40 

24 

Temperature Range 

- 55·C to + 125·C 

O·Cto +70·C 
- 55·C to + 125·C 

O·Cto +70·C 
- 55·C to + 125·C 

O·Cto +70·C 

- 55·C to + 125·C 

- 55·C to + 125·C 

O·Cto +70·C 
- 55·C to + 125·C 

O·Cto +70·C 
- 55·C to + 125·C 

O·Cto +70·C 

- 55·C to + 125·C 

- 55·C to + 125·C 

O·Cto +70·C 
=55·Cto_+_125·C_ 

O·Cto +70·C 
- 55·C to + 125·C 

O·Cto +70·C 

- 55·C to + 125·C 

- 55·C to + 125·C 

O·Cto +70·C 

O·Cto +70·C 

--- --

::l 
r-
:::: o :;: 
o en 
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~National 
D Semiconductor 
DM54S189/DM74S189 64-Bit (16 x 4) TRI-STATE® RAM 
DM54S189A/DM74S189A High Speed 64-Bit 
TRI-STATE RAM 

General Description 
These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) arrays or
ganized as 16 words of 4 bits each. They are fully decoded 
and feature a chip-enable input to simplify decoding re
quired to achieve the desired system organization. The 
memories feature PNP input transistors that reduce the low 
level input current requirement to a maximum of - 0.25 mA, 
only one-eighth that of a OM74S standard load factor. The 
chip-enable circuitry is implemented with minimal delay 
times to compensate for added system decoding. 

The TRI-STATE output combines the convenience of an 
open-collector with the speed of a totem-pole output; it can 
be bus-connected to other similar outputs; yet it retains the 
fast rise time characteristics of the TIL totem-pole output. 
Systems utilizing data bus lines with a defined pull-up im
pedance can employ the open-collector OM74S289. 

Write Cycle: The complement of the information at the data 
input is written into the selected location when both the 
chip-enable input and the read/write input are low. While 
the read/write input is low, the outputs are in the high-im
pedance state. When a number of the OM74S189 outputs 
are bus connected, this high-impedance state will neither 
load nor drive the bus line, but it will allow the bus line to be 
driven by another active output or a passive pull-up if de
sired. 

Read Cycle: The stored information (complement of infor
mation applied at the data inputs during the write cycle) is 

Connection Diagram 
Dual-ln-L1ne Package 

SELECT INPUTS DATA DATA 
INPUT OUTPUT INPUT OUTPUT 

4 V4 3 V3 
, 
B C 0' 

15 14 13 12 11 10 

c c c 

SELECT CHIP READI DATA OUTPUT DATA OUTPUT 
INPUT A ENABlE WRITE INPUT VI INPUT V2 

I 2 

TL/D/9232-1 

Top View 

available at the outputs when the read/write input is high 
and the chip-enable is low. When the chip-enable is high, 
the outputs will be in the high-impedance state. 

The fast access time of the OM74S189A makes it particular
ly attractive for implementing high-performance memory 
functions requiring access times less than 25 ns. The high 
capacitive drive capability of the outputs permits expansion 
without additional output buffering. The unique functional 
capability of the OM74S 189A outputs being at a high-imped
ance during writing, combined with the data inputs being 
inhibited during reading, means that both data inputs and 
outputs can be connected to the data lines of a bus-orga
nized system without the need for interface circuits. 

Features 
• Schottky-clamped for high speed applications (S189A) 

Access from chip-enable input 17 ns max 
Access from address inputs 25 ns max 

• TRI-STATE outputs drive bus-organized systems and/or 
high capacitive loads (S189, S189A) 

• OM74S289 are functionally equivalent and have open
collector outputs 

• OM54SXXX is guaranteed for operation over the full 
military temperature range of - 55°C to + 125°C 

• Compatible with most TIL circuits 
• Chip-enable input simplifies system decoding 
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Truth Table 

Function 

Write (Store 
Complement of Data) 

Read 

Inhibit 

Inputs 

Chlp- Readl 
Enable Write 

L L 

L H 

H x 
H = High Level, L = Low Level, X = Don't Care 

Output 

High-Impedance 

Stored Data 

High-Impedance 

Order Number DM54S189J, DM54S189AJ, 
DM74S189J, DM74S189AJ, 

DM74S189N or DM74S189AN 
See NS Package Number J16A or N16E 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office! Supply Voltage (Vee) 
Distributors for availability and specifications. DM54S189 4.5 

Supply Voltage, Vee 7.0V DM74S189 4.75 

Input Voltage 5.5V Temperature (T A) 

Output Voltage 5.5V 
DM54S189 -55 
DM74S189 0 

Storage Temperature Range - 65°C to + 150°C 

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

DM54S189, DM74S189 Electrical Characteristics 
over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ 

VIH High Level Input Voltage 2 

Vil Low Level Input Voltage 

VOH High Level Output Vee = Min 10H = - 2.0 mA, 
2.4 3.4 

Voltage DM54S189 

10H = - 6.5 mA, 
2.4 3.2 

DM74S189 

leEX High Level Output Current Vee = Min VOH = 2.4V 
Open Collector Only VOH = 5.5V 

--Val - -- -- Low Level Output . Vee = Min, DM54S189---

Voltage 10l = 16 mA DM74S189 

IIH High Level Input Current Vee = Max, VI = 2.7V 

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

III Low Level Input Current Vee = Max, VI = 0.45V 

los Short Circuit Output Vee = Max, DM54S189, 
-30 

Current (Note 4) Va = OV DM74S189 

lee Supply Current (Note 5) Vee = Max 75 

Vie Input Clamp Voltage Vee = Min, II = -18 mA 

10ZH TRI-STATE Output Current, Vee = Max, DM54S189, 

High Level Voltage Applied Va = 2.4V DM74S189 

10Zl TRI-STATE Output Current, Vee = Max, DM54S189, 
-50 

Low Level Voltage Applied Va = 0.45V DM74S189 

CIN Input Capacitance Vee = 5V, VIN = 2V, 
4.0 

TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5V, Va = 2V, 
T A = 25°C, 1 MHz, 6.0 
Output "Off" 
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DM74S189 Switching Characteristics 
over recommended operating ranges of T A and Vcc unless otherwise noted 

DM54S189 DM74S189 
Symbol Parameter Conditions Typ Typ Units 

Min 
(Note 2) 

Max Min 
(Note 2) 

Max 

tAA Access Times from Address Cl = 30 pF, 25 50 25 35 ns 

tCZH Output Enable Time to Rl = 280n 

High Level Access Times from (Figure 4) 12 25 12 17 ns 

tCZl Output Enable Time to Chip-Enable 

Low Level 
12 25 12 17 ns 

tWZH Output Enable Time to 
13 35 13 25 ns 

High Level Sense Recovery Times 

tWZl Output Enable Time to from Read/Write 

Low Level 
13 35 13 25 ns 

tCHZ Output Disable Time Cl = 5 pF, 
12 25 12 17 ns 

from High Level Disable Times from Rl = 280n 

tClZ Output Disable Time Chip-Enable (Figure 4) 

from Low Level 
12 25 12 17 ns 

tWHZ Output Disable Time 
15 35 15 25 ns 

from High Level Disable Times from 

tWlZ Output Disable Time Read/Write 

from Low Level 
15 35 15 25 ns 

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

tASW Set-Up Time (Figure 1) Address to Read/Write 0 0 ns 

tosw Data to Read/Write 25 25 ns 

tcsw Chip-Enable to 
0 0 ns 

Read/Write 

tAHW Hold Time (Figure 1) Address from Read/Write 0 0 ns 

tOHW Data from Read/Write 0 0 ns 

tCHW Chip-Enable from 
0 0 ns 

Read/Write 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee> 
Distributors for availability and specifications. DM54S189(A) 4.5 

Supply Voltage, Vee 7.0V DM74S189(A) 4.75 

Input Voltage 5.5V Temperature (T A) 

Output Voltage 5.5V 
DM54S189(A) -55 
DM74S189(A) 0 

Storage Temperature Range - 65·C to + 150·C 

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

DM54S189A, DM74S189A Electrical Characteristics 
over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ 

VIH High Level Input Voltage 2 

VIL Low Level Input Voltage 

VOH High Level Output Vee = Min 10H = - 2.0 mA, 
2.4 3.4 

Voltage DM54S189A 

10H = -6.5 mA, 
2.4 3.2 

DM74S189A 

VOL Low Level Output Vee = Min 10L = 16mA 
Voltage 

10L = 20 mA 

IIH High Level Input Current Vee = Max, VI = 2.4V 

--11- ----

High level Input Current Vee = Max, VI = 5.5V 
at Maximum Voltage 

IlL Low Level Input Current Vee = Max, VI = 0.40V 

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

Current (Note 4) 

lee Supply Current (Note 5) Vee = Max 75 

Vie Input Clamp Voltage Vee = Min,ll = -18 mA 

10ZH TRI-STATE Output Current, Vee = Max, Vo = 2.4V 
High Level Voltage Applied 

10ZL TRI-STATE Output Current, Vee = Max, Vo = O.4V 
-40 

Low Level Voltage Applied 

CIN Input Capacitance Vee = 5V, VIN = 2V, 
4.0 

TA = 25·C,1 MHz 

Co Output Capacitance Vee = 5V, Vo = 2V, 
T A = 25·C, 1 MHz, 6.0 
Output "Off" 
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DM54S 189A, DM74S189A Switching Characteristics 
over recommended operating ranges of T A and Vcc unless otherwise noted 

DM54S189A DM74S189A 
Symbol Parameter Conditions Typ Typ Units 

Min 
(Note 2) 

Max Min 
(Note 2) 

Max 

tAA Access Time from Address CL = 30pF, 20 30 20 25 ns 

tCZH Output Enable Time to RL = 2800 

High Level Access Times from (Figure 4) 11 25 11 17 ns 

tCZL Output Enable Time to Chip-Enable 

Low Level 
11 25 11 17 ns 

tWZH Output Enable Time to 
13 35 13 25 ns 

High Level Sense Recovery Times 

tWZL Output Enable Time to from Read/Write 

Low Level 
13 35 13 25 ns 

tCHZ Output Disable Time CL = 5pF, 
12 25 12 17 ns 

from High Level Disable Times from RL = 2800 

teLZ Output Disable Time Chip-Enable (Figure 4) 

from Low Level 
12 25 12 17 ns 

tWHZ Output Disable Time 
15 35 15 25 ns 

from High Level Disable Times from 

tWLZ Output Disable Time Read/Write 

from Low Level 
15 35 15 25 ns 

twp Width of Write Enable Pulse (Read/Write Low) 25 20 ns 

tASW Set-Up Time (Figure 1) Address to Read/Write 0 0 ns 

tosw Data to Read/Write 25 20 ns 

tesw Chip-Enable to 
0 0 ns 

Read/Write 

tAHW Hold Time (Figure 1) Address from Read/Write 0 0 ns 

tOHW Data from Read/Write 0 0 ns 

tCHW Chip-Enable from 
0 0 ns 

Read/Write 

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

Note 2: Unless otherwise specified minImax limits apply across the - ss·c to + 12S·C temperature range for the DMS4S189(A) and across the O·C to + 70·C 
range for the DM74S189(A). All typicals are given for Vee = S.OV and TA = 2S·C. 

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

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

Note 5: Icc is measured with all inputs grounded; and the outputs open. 
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DM54S189{A), DM74S189{A) Switching Time Waveforms 

CHIP ENAlLE 
INPUT (NOTE 31 

WAVEFORM I 
(NOTE II 

Enable and Disable Time from Chip-Enable 

3V 

Ov--------+-~------~-----------' 

~.SV -----i--_:-f--L. 

VOL--------+-------~~------------r_~--~~ 

WAVEFORM Z VOH ------'--------t-,--:--------+-"'" 
(NOTE II 

~.SV -------------:...---,-

Access Time from Address Inputs 

A~~;~~ 3V =t~ -------'~:SV 
(NOTEZ) ov __ ./' _ . '- _____ • 

IAA=:I 1M I __ 
OUTPUT V

OH 
----------- ~.5V· /l.5V 

VOL ___________ ~~. _____________ J 

ADDRESS 
INPUTS 

DATA 
INPUTS 

CHIP ENABLE 
INPUT 

READfNRITE 
INPUT 

WAVEFORM 1 
(NOTE 11 

WAVEFORM 2 
(SI0PEN. 

S2 CLOSED) 

3V 

3V 

3V 

ov 

3V 

OV 

"'I.5V 

VOL 

VOH 

(NOTE 11 "'1.5V 

Write Cycle 

O.5V 

:t 

~'"1f O.5V 

FIGURE 1 

TLIO/9232-2 

TL/O/9232-3 

TLIO/9232-4 

Notl1: Waveform 1 Is for the output with internal conditions such that the output is low except when disabled. Waveform 2 Is for the output with internal conditions 
such that the output is high except when disabled. 

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

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

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: tr :!:: 2.5 ns, tf :!:: 2.5 ns, PRR :!:: 1 MHz and ZOUT = :::: son. 
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Block Diagram 

ADDRESS 
INPUTS 

ADDRESS 1DF16 
BUFFERS DECODERS 

CHIP ENABLE (CE) 

READIWRITE (RIW) 

64·BIT MEMORY 
MATRIX 

ORGANIZED 
16x4 

4 

DATA INPUTS {:: _~o ___ +-_-+-..... 
12 

D4--------~--+---~~ 

11 

Y1 Y2 YJ Y4 

AC Test Circuits 

FIGURE 3 

DM54S189{A)/DM74S189{A) 

vcc 

FROM 

TEST 
POINT 

O~~~~~~ ____ ~~~_-e 

TEST 

CL includes probe and jig capacitance. 

All diodes are 1 N3064. 
FIGURE 4 
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~National 
~ Semiconductor 
DM74S289 
64-Bit (16 x 4) Open-Collector RAM TRI-STATE® RAM 

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

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

Connection Diagram 

Dual-In-Line Package 

SELECT INPUTS DATA DATA 
I 

B 

15 14 

-

SELECT CHIP READ! 
INPUT A ENABLE WRITE 

0' 

13 

INPUT OUTPUT INPUT OUTPUT 
4 Y4 3 Y3 

12 11 10 

DATA OUTPUT DATA OUTPUT 
INPUT VI INPUT V2 

1 2 

TL/D/9693-1 

Top View 

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

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

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

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

_Truth Table ___ . 

Function 

Write (Store 
Complement of Data) 

Read 

Inhibit 

Inputs 

Chip- Read! 
Enable Write 

L L 

L H 

H x 
H = High Level, L = Low Level, X = Don't Care 

Output 

High-Impedance 

Stored Data 

High-Impedance 

6-13 



Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vce) 
Distributors for availability and specifications. DM74S289 4.75 5.25 V 
Supply Voltage, Vcc 7.0V Temperature (T A) 

Input Voltage 5.5V DM74S289 0 +70 °C 

Output Voltage 5.5V 

Storage Temperature Range - 65°C to + 150°C 

Lead Temperature (Soldering 10 Sec.) + 300°C 

DM74S289 Electrical Characteristics 
Over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIH High Level Input Voltage 2 V 

VIL Low Level Input Voltage 0.8 V 

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

ICEX High Level Output Current Vcc = Min VOH = 2.4V 40 
p,A 

VOH = 5.5V 100 

VOL Low Level Output Voltage Vcc = Min,lOL = 16 rnA 0.45 V 

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

II High Level Input Current Vcc = Max, VI = 5.5V 1.0 rnA 
at Maximum Voltage 

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

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

VIC Input Clamp Voltage Vcc = Min,ll = -18 mA -1.2 V 

CIN Input Capacitance Vcc = 5V, VIN = 2V, T A = 25°C, 1 MHz 4.0 pF 

Co Output Capacitance Vcc = 5V, Vo = 2V, 6.0 pF 
T A = 25°C, 1 MHz, Output "Off" 

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

DM74S289 
Symbol Parameter Conditions Typ Units 

Min (Note 2) Max 

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

tCHL Enable Time from RL1 = 300n, 

Chip-Enable RL2 = 600n 12 17 ns 

tWHL Enable Time from Sense Recovery Time 
(Figure 4) 

Read/Write from Read/Write 
12 25 ns 

tCLH Disable Time from Chip-Enable 12 20 ns 

tWLH Disable Time from Read/Write 13 25 ns 

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

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

tosw Data to Read/Write 25 ns 

tcsw Chip-Enable to Read/Write 0 ns 

tAHW Hold Time (Figure 2) Address from Read/Write 0 ns 

tOHW Data from Read/Write 0 ns 

tCHW Chip-Enable from Read/Write 0 ns 

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

Note 2: Unless otherwise specified minImax limits apply across the - 55°C to + 125°C temperature range for the DM54S189 and across the O°C to -70°C range 
for the DM74S189/289. All typicals are given for Vee = 5.0V and TA = 25°C. 

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

Note 4: lee is measured with all inputs grounded, and the outputs open. 
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DM74S289 Switching Time Waveforms 

CHIP ENABLE 
INPUT 

(NOTE 3) 

WAVEFORM 1 
(NOTE 1) 

AOORESS 
INPUTS 

(NOTE 2) 

Enable and Disable Time from Chip-Enable 

3V 

~ 1:}.-DV 

VOH 

L~,,",~ 
1.5V 1.5V 

VOL 

Access Time from Address Inputs 

3V~~ ___ ----"",,{ 
, I!V I!V 

DV - - J '-- - - - -- _. 

tAA =:::-l - tAA I ,--
OUTPUT VOH~5V J'.5V 

VOL ______________________ ~. __________________ J 

ADDRESS 
--INPUTS 

DATA 
INPUTS 

CHIP ENABLE 
INPUT 

READ,wRITE 
INPUT 

Write Cycle 

3V 

DV---

3V 

DV 

3V 

DV 

VOH 
WAVEFORM 1 

(NOTE 1) 
VOL 

!--IwLH--' 

_------';7" -'~'~ 1.5V 

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

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

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

TL/D/9693-2 

TLlD/9693-3 

TL/D/9693-4 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics tr s: 2.5 ns, tf s: 2.5 ns. PRR s: 1 MHz and ZOUT = 50n. 
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~National 
~ Semiconductor 
93415/93L415 1024 x 1-Bit 
Static Random Access Memory 

General Description 
The 93415 is a 1 024-bit read write Random Access Memory 
RAM, organized 1024 words by one bit. It is designed for 
high speed cache, control and buffer storage applications. 
The device includes full on-chip decoding separate Data in
put and non-inverting Data output, as well as an active LOW 
Chip Select line. 

Connection Diagrams 

16-Pin DIP 

cs 1 Vee 
AD 2 0 

Al 3 WE 
A2 4 A9 

A3 5 AS 

A4 6 A7 

D 7 A6 

GND S A5 

TL/D/9671-1 

Top View 

Order Number 93415ADC, 93415DC, 93415DC25, 
93415DMQB, 93415DMQB30, 93415DMQB40, 93415APC, 

93415PC, 93415PC25, 93L415ADC, 93L415DC, 
93L415DC35, 93L415DMQB, 93L415DMQB50, 

93L415APC, 93L415PC, 93L415PC35, 93L415DMQB, 
93L415DMQB40 or 93L415DMQB50 

See NS Package Numbers J16A* and N16E* 

• For most current package information, contact product marketing. 

Logic Symbol 

Vee = Pin 16 

GND = Pin 8 
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93L415 

o 

7 
TLlD/9671-3 

·Features 
• Commercial address access time 

93415-25 ns to 60 ns max 

• Military address access time 
93415-30 to 70 ns max 

• Low power version also available (93L415) 

• Features open collector output 
• Power dissipation decreases with increasing tempera

ture 

16-Pin Flatpak 

cs Vee 
AD 0 

Al WE 
----

A2 A9 

A3 AS 

A4 A7 

0 A6 

GND A5 

TL/D/9671-2 

Top View 

Order Number 93415FMQB, 93415FMQB30, 
93415FMQB40, 93L415FMQB, 93L415FMQB40 or 

93L415FMQB50 
See NS Package Number W16A* 

·For most current package information, contact product marketing. 

Optional Processing QR = Burn-In 

Pin Names 

CS Chip Select Input 
Active LOW 

AO-A9 Address Inputs 

WE Write Enable Input 

Active LOW 

D Data Input 

0 Data Output 
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DC Characteristics over operating temperature ranges (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

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

VIH Input HIGH Voltage 
2.1 

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

VIL Input LOW Voltage 
0.8 

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

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

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

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

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

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

lee Power Supply Current 65 65 mA 93 L415·Commercial 

75 mA 93L415·Military 
125 mA 93415·Commercial 

135 mA 93415·Military 
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Absolute Maximum Ratings 
Above which the useful life may be impaired 

Storage Temperature - 65·C to + 150·C 

Supply Voltage Range -0.5V to + 7.0V 

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

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

Lead Temperature (Soldering 10 sec.) 300·C 

Maximum Junction Temperature (Tj) + 175·C 

Output Current + 20 mA 

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

Truth Table 
Inputs 

CS WE D 

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

H = HIGH Voltage Level (2.4V) 
L = LOW Voltage Level (0.45V) 
X = Don't Care (HIGH or LOW) 

Output 
Mode 

0 

H Not Selected 
H Write "0" 
H Write "1" 

Dour Read 
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Guaranteed Operating Ranges 
Supply Voltage (Vee> 

Commercial 
Military 

Case Temperature (T c> 
Commercial 
Military 

5.0V ±5% 
5.0V ±10% 

a·cto + 75·C 
- 55·C to + 125·C 



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

93415-25 
93415-30 93415-45 

Symbol Parameter 93415A 93415 Units Conditions 

Min Max Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time 15 20 35 ns 
Figures3a, 

tRCS Chip Select Recovery Time 15 20 35 ns 3b 

tM Address Access Time (Note 7) 25 30 45 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing (Note 8) 20 20 35 ns 

tWSD Data Setup Time Prior to Write 5 5 5 ns 

tWHD Data Hold Time after Write 5 5 5 ns 

tWSA Address Setup Time Prior to Write (Note 8) 5 5 5 ns 

tWHA Address Hold Time after Write 5 5 5 ns 
Figure 4 

tWSCS Chip Select Setup Time Prior to Write 5 5 5 ns 

tWHCS Chip Select Hold Time after Write 5 5 5 ns 

tws Write Enable to Output Disable 15 20 35 ns 

tWR Write Recovery Time 15 20 40 ns 

tWR Write Recovery Time (93415A) 25 ns 

Military 

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

93415-30 
93415-40 93415-60 

Symbol Parameter 93415A 93415 Units Conditions 

Min Max Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time 20 25 40 ns 
Figures3a, 

tRCS Chip Select Recovery Time 20 25 50 ns 3b 

tM Address Access Time (Note 7) 30 40 60 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing (Note 8) 25 25 40 ns 

tWSD Data Setup Time Prior to Write 5 5 5 ns 

tWHD Data Hold Time after Write 5 5 5 ns 

tWSA Address Setup Time Prior to Write (Note 8) 5 10 15 ns 

tWHA Address Hold Time after Write 5 5 5 ns Figure 4 

twSCS Chip Select Setup Time Prior to Write 5 5 5 ns 

tWHCS Chip Select Hold Time after Write 5 5 5 ns 

tws Write Enable to Output Disable 20 25 45 ns 

tWR Write Recovery Time 20 25 50 ns 

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

Note 2: Output current limit required. 

Note 3: Typical values are at Vee = S.OV, Te = +2SoC and maximum loading. 

Note 4: Tested under static condition only. 

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

Note 6: AC testing done at input levels VIH = 3V, VIL = OV. 

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 

Note 8: tw measured at tWSA = Min, tWSA measured at tw = Min. 
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Commercial 

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

93L415-35 
93L415-45 93L415-60 

Symbol Parameter 93L415A 93L415 Units Conditions 

Min Max Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time 25 30 40 ns 
Figures3a, 

tRCS Chip Select Recovery Time 25 30 40 ns 3b 

tM Address Access Time (Note 7) 25 45 60 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing (Note 8) 20 35 45 ns 

tWSD Data Setup Time Prior to Write 5 5 5 ns 

tWHD Data Hold Time after Write 5 5 5 ns 

tWSA Address Setup Time Prior to Write (Note 4) 5 5 10 ns 

tWHA Address Hold Time after Write 5 5 5 ns Figure 4 

tWSCS Chip Select Setup Time Prior to Write 5 5 5 ns 

tWHCS Chip Select Hold Time after Write 5 5 5 ns 

tws Write Enable to Output Disable 20 25 45 ns 

tWR Write Recovery Time 30 35 45 ns 

- ----- - -

-- Military 
--- --- -----

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

93L415-40 
93L415-50 93L415-70 

Symbol Parameter 93L415A 93L415 Units Conditions 

Min Max Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time 30 35 45 ns 
Figures3a, 

tRCS Chip Select Recovery Time 25 30 50 ns 3b 

tAA Address Access Time (Note 7) 40 50 70 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing (Note 8) 35 40 50 ns 

tWSD Data Setup Time Prior to Write 5 5 10 ns 

tWHD Data Hold Time after Write 5 5 10 ns 

tWSA Address Setup Time Prior to Write (Note 8) 10 10 10 ns 

tWHA Address Hold Time after Write 5 5 10 ns Figure 4 

twscs Chip Select Setup Time Prior to Write 5 '5 10 ns 

tWHCS Chip Select Hold Time after Write 5 5 10 ns 

tws Write Enable to Output Disable 25 30 45 ns 

tWR Write Recovery Time 30 40 55 ns 

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

Note 2: Output current limit required. 

Note 3: Typical values are at vcc = 5.0V, T C = + 25'C and maximum loading. 

Note 4: Tested under static condition only. 

[II 
I 

Note 5: Functional testing done at input levels VIH = VOL(Max) (0,45V) and VIH = VOH(Min) (2.4V). 

Note 6: AC testing done at input levels VIH = 3V, VIL = OV. 

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 

Note 8: tw measured at tWSA = Min, tWSA measured at tw = Min. 
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LI) --~ Logic Diagram 
C") 
en ...... 
LI) --~ AO 
C") 

en A1 

A2 
ADDRESS 
DECODER 

WORD 
DRIVER 

32x32 ARRAY 

A3 

A4 

SENSE AMPS 
c!c 

o 

WRITE DRIVERS 

ADDRESS 
DECODER 

D 

AS A6 A7 A8 A9 

Functional Description 
The 93415 is a fully decoded 1024-bit read/write Random 
Access Memory organized 1024 words by one bit. Bit selec
tion is achieved by means of a 10-bit address, AO through 
A9. 

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

The read and write functions of the 93415 are controlled by 
the state of the active LOW Write Enable (WE) input. When 
WE is held LOW and the chip is selected, the data at D is 
written into the location specified by the binary address 
present at AO through A9. Since the write function is level 
triggered, data must be held stable at the data input for at 
least tWSD(ml!!LPlus tW(min) plus tWHD(min) to insure a valid 
write. When WE is held HIGH and the chip selected, data is 
read from the addressed location and presented at the out
put (0). 
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An open collector output is provided to allow maximum flexi
bility in output connection. In many applications such as 
memory expansion, the outputs of many 93415s can be tied 
together. In other applications the wired-OR is not used. In 
either case an external pull-up resistor of RL value must be 
used to provide a HIGH at the output when it is off. Any RL 
value within the range specified below may be used. 

_V..:::c~c...:..(M_ax~) _ ~ RL ~ _Vc:::;c:::...:..(M_i~n)_-_V..:::O~H_ 
IOL - FO (1.6) n (ICEX) + FO (0.04) 

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

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

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

FOMAX = 5 UL. 



Vee 

300.0. 

93415 

• Includes jig and probe capacitance 

FIGURE 1. AC Test Circuit 

FIGURE 2. AC Test Input Levels 

CHIP SELECT 50% 

ADDRESS 

DATA INPUT 

WRITE ENABLE 

TLlD/9671-5 

TLlD/9671-6 

a. Read Mode Propagation Delay from Chip Select 

CHIP SELECT \ 15070 

_~ __ tACSJ '~tR~1 ~50". 
DATA OUTPUT ,.., 5070 

TLlD/9671-7 

b. Read Mode Propagation Delay from Address 

AOOR~S~tMI 
DATA OUTPUT ." 

TLlD/9671-8 

FIGURE 3. Read Mode Timing 

DATA OUTPUT 
------------------------------~----t~~~50%--. ____ __ 

TL/D/9671-9 

FIGURE 4. Write Mode Timing 

Notes: 

Timing Diagram represents one solution which results in an optimum cycle time. Timing may be changed to fit various applications as long as the worst case limits 
are not violated. 

Input voltage levels for worst case AC test are 3.0/0.0V. 
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~ ~National 
~ D Semiconductor 

93L415A 1024 x 1-Bit 

ADVANCE INFORMATION 

Static Random Access Memory 

General Description 
The 93L415A is a 1024-bit read write Random Access 
Memory RAM, organized 1024 words by one bit. It is de
signed for high speed cache, control and buffer storage ap
plications. The device includes full on-chip decoding, sepa
rate Data input and non-inverting Data output, as well as an 
active LOW Chip Select line. 

Connection Diagrams 
16-Pln DIP 

cs 16 Vee 
AO 2 15 D 

A1 WE 
A2 A9 

A3 5 A8 

A4 6 A7 

0 7 A6 

GND 8 A5 

TLlO/l0003-1 

Top View 

Order Number 93L415ADC, 93L415ADMQB or 
93L415APC 

See NS Package Number J16A* and N16E* 

·For most current package information, contact product marketing. 

Logic Symbol 

vee = Pin 16 

GND = Pin 8 

2 
3 
4 
5 
6 
9 

10 
11 
12 
13 

15 14 

TL/O/l0003-3 

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

93L415A 
• Military address access time 

93L415A 
• Features open collector output 

25 ns max 

30 ns max 

• Power dissipation decreases with increasing tempera
ture 

16·Pln Flatpak 

cs Vee 
AO D 
A1 WE 
A2 A9 

A3 A8 

A4 A7 

A6 

A5 

Top View 

Order Number 93L415AFMQB 
See NS Package NumberW16A* 

TL/O/l0003-2 

·For most current package information, contact product marketing. 

Pin Names 

CS Chip Select Input 
Active LOW 

AO-A9 Address Inputs 

WE Write Enable Input 
Active LOW 

D Data Input 

0 Data Output 
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~National 
D Semiconductor 
93422 
256 x 4-Bit Static Random Access Memory 

General Description 
The 93422 is a 1024-bit read/write Random Access Memo
ry (RAM), organized 256 words by four bits. It is designed for 
high speed cache, control and buffer storage applications. 
The 93422 is available in two speeds, "standard" speed 
and an "A" grade. The device includes full on-chip decod
ing, separate Data inputs and non-inverting Data outputs, as 
well as two Chip Select lines. 

Connection Diagrams 

Features 
• Commercial address acces time 

- 93422-35 ns to 45 ns Max 
-93422A 

• Military address access time 
- 93422-45 to 60 ns Max 
-93422A 

• Fully TTL compatible 
• Features TRI-STATE$ outputs 
• Power dissipation decreases with increasing 

temperature 

22-Pln DIP 24-Pln Flatpak 24-Pln Leadless Chip Carrier 

:c ~ =z >!:l~I~ 
A3 

A2 

AO 

A5 

A6 

A7 

GNO 

DO 

00 

12 01 

TLlD/9672-1 

Top View 
Order Number 93422DC, 93422ADC, 

93422PC, 93422APC, 93422DMQB 
or 93422ADMQB 

See NS Package Numbers 
J22A and N22A· 

Logic Symbol 

(4) 4 AO 

(3) 3 Al 

(2) 2 A2 

(1) 1 A3 

(23) 21 A4 

(5) 5 A5 

(6) 6 A6 

(7) 7 A7 

Vee = Pin 22 (24) 
GND= Pin 8 
() = Flatpak 

93422 

18 10 12 14 16 
(20)(10)(14)(16)(18) 

A3 
A2 
Al 
AO 
A5 
A4 
A7 

GNO 
DO 
00 
01 
NC 

Top View 

Vee 
A4 
WE 
CSi 
Of 
CS2 
03 
03 
02 
02 
01 
NC 

TLlD/9672-2 

Order Number 93422FMQB 
or 93422AFMQB 

See NS Package Number W24C· 

AO csL __ 
A5 Of 

GND 03 

TL/D/9672-4 

Top View 
Order Number 93422LMQB 

or 93422ALMQB 
NS Package Number E24B* 

• For most current package information, contact product marketing. 

Optional Processing QR = Burn-In 

Pin Names 

AO-A7 Address Inputs 

DO-D3 Data Inputs 

CS1 Chip Select Input (Active LOW) 

CS2 Chip Select Input (Active HIGH) 

WE Write Enable Input (Active LOW) 

OE Output Enable Input (Active LOW) 

00-03 Data Outputs 

TL/D/9672-3 
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Absolute Maximum Ratings: Guaranteed Operating Ranges 
Above which the useful life may be impaired Supply Voltage (Vee> 
Storage Temperature - 65°C to + 150°C Commercial 5.0V ±5% 
Supply Voltage Range -0.5Vto +7.0V Military 5.0V ±10% 
Input Voltage (DC) (Note 1) -0.5VtoVee Case Temperature (T e> 

Voltage Applied to Outputs Commercial O°Cto +75°C 
(Note 2) -0.5V to + 5.5V Military - 55°C to + 125°C 

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

Maximum Junction Temperature (TJ) + 175°C 

Output Current +20mA 

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

DC Electrical Characteristics over operating temperature ranges (Note 3) 

Symbol Parameter Conditions Min Typ Max Units 

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

VIH Input HIGH Voltage Guaranteed Input HIGH Voltage 
2.1 V 

for All Inputs (Notes 4, 5 & 6) 

Vil Input LOW Voltage Guaranteed Input LOW Voltage 
0.8 V 

for All Inputs (Notes 4, 5 & 6) 

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

III Input LOW Current Vee = Max, VIN = O.4V -150 -300 p,A 

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

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

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

10ZH Output Current (HIGH Z) Vee = Max, Vour = 2.4V 50 
p,A 

10Zl Vee = Max, Vour = 0.5V -50 

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

Short Circuit to Ground 

lee Power Supply Current Vee = Max Commercial 120 
All Inputs GND mA 
All Outputs Open Military 130 

Commercial 

AC Electrical Characteristics (Note 6) Vee = 5.0V ± 5%, GND = OV, Te = O°C to + 75°C 

Symbol Parameter Conditions 
A Std 

Units 
Min Max Min Max 

READ TIMING 

tAes Chip Select Access Time (Figures 38, 3b, 3c) 30 30 ns 

tZRes Chip Select to HIGH Z 30 30 ns 

tAOS Output Enable Access Time 30 30 ns 

tZROS Output Enable to HIGH Z 30 30 ns 

tAA Address Access Time (Note 8) 35 45 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing (Note 9) (Figure4j 25 30 ns 

twso Data Setup Time Prior to Write 5 5 ns 

tWHO Data Hold Time after Write 5 5 ns 

tWSA Address Setup Time Prior to Write (Note 9) 5 5 ns 

tWHA Address Hold Time after Write 5 5 ns 

twses Chip Select Setup Time Prior to Write 5 5 ns 

tWHes Chip Select Hold Time after Write 5 5 ns 

tzws Write Enable to HIGH Z 35 35 ns 

tWR Write Recovery Time 35 40 ns 
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Military 

AC Electrical Characteristics (Note 6) VCC = 5.0V ± 10%, GND = OV, T C = - 55°C to + 125°C 

Symbol Parameter Conditions 
A Std 

Units 
Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time (Figures 3a, 3b, 3c) 35 45 ns 

tZACS Chip Select to HIGH Z 35 45 ns 

tAOS Output Enable Access Time 35 45 ns 

tZAOS Output Enable to HIGH Z 35 45 ns 
tAA Address Access Time (Note 8) 45 60 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing (Note 9) (Figure 4) 35 40 ns 

tWSD Data Setup Time Prior to Write 5 5 ns 

tWHD Data Hold Time after Write 5 5 ns 

tWSA Address Setup Time Prior to Write (Note 9) 5 5 ns 

tWHA Address Hold Time after Write 5 5 ns 

twsCS Chip Select Setup Time Prior to Write 5 5 ns 

tWHCS Chip Select Hold Time after Write 5 5 ns 

tzws Write Enable to HIGH Z 40 45 ns 

tWA Write Recovery Time 40 50 ns 
Note 1: Either input voltage limit or Input current limit sufficient to protecting inputs. 

Note 2: Output current limit required. 

__ Note 3: Typical values are at Vee =5.0V, Tc =-+25'C and maximum loading. --- - --- ------ -~----

Note 4: Static condition only. 

Note 5: Functional testing done at input levels VIL - VOL (max) (O.45V). VIH - VOH (min) (2.4V). 

Note 6: AC testing done at input levels VIH = 3V, VIL = OV. 

Note 7: Short circuit to ground not to exceed one second. 

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

Note 9: tw measured at tWSA = Min. tWSA measured at tw = Min. 

• 
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Logic Diagram 

WE 

CS2 
INPUT DATA CSl 

CONTROL 

Of 

AO 

Al 
ROW 32x32 OUTPUT 

A2 
SELECT MEMORY DATA 

A3 
ARRAY CONTROL 

A4 

COLUMN 
SELECT 

AS A6 A7 
TL/D/9672-5 

Truth Table 

OE CS1 

X H 
X X 
L L 
X L 
H X 

H = HIGH Voltage Level (2.4V) 
L = LOW Voltage Level (0.45V) 
X = Don't Care (HIGH or LOW) 
HIGH Z = High-Impedance 

Inputs 

Functional Description 

CS2 

X 
L 
H 
H 
X 

The 93422 is a fully decoded 1024-bit Random Access 
Memory organized 256 words by four bits. Word selection is 
achieved by means of an 8-bit address, AO-A7. 

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

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

WE 

X 
X 
H 
L 
X 
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Outputs 

TRI-STATE 

HIGHZ 
HIGHZ 

DOUT 
HIGHZ 
HIGHZ 

Mode 

Not Selected 
Not Selected 
READ 
WRITE 
Output Disabled 

LOW and the chip is selected, the data at 00-03 is written 
into the addressed location. Since the write function is level
triggered, data must be held stable for at least tWSD (Min) 
plus tw (Min) plus tWHD (Min) to insure a valid write. To read, 
WE is held HIGH and the chip selected. Non-inverted data 
is then presented at the outputs (00-03). 

The 93422 has TRI-STATE outputs which provide active 
pull-ups when enabled and high output impedance when 
disabled. This allows optimization of word expansion in bus 
organized systems. 



TL/D/9672-7 

TL/D/9672-6 Load B 

Load A "Includes jig and probe capacitance. 

Note: Load A is used for all production testing. 

FIGURE 1. AC Test Output Load 

TL/D/9672-8 

FIGURE 2. AC Test Input Levels 

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

'OO=~tMI 
DATA OUTPUTS 5070 

TL/D/9672-9 

TL/D/9672-10 

c. Read Mode Propagation Delay from Output Enable 

OUTPUT ENABLE 

lAOS 

DATA OUTPUTS [:~:HD: - -- - - --

LOAD B 

HIGH Z -------
TLlD/9672-11 

FIGURE 3. Read Mode Timing • 
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CHIP SELECTS 
CS1,CS2 

ADDRESS 
AO-A7 

DATA IN 
00-03 

WRITE ENABLE 

50% 

50% 

TlID/9672-12 

Note 1: Timing Diagram represents one solution which results in an optimum cycle time. Timing may be changed to fit various applications as long as the worst 
case limits are not violated. 

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

FIGURE 4. Write Mode Timing 
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~National 
~ Semiconductor 
93L422 
256 x 4-Bit Static Random Access Memory 
General Description 
The 93L422 is a 1024-bit read/write Random Access Mem
ory (RAM), organized 256 words by four bits. It is designed 
for high speed cache, control and buffer storage applica
tions. The device includes full on-chip decoding, separate 
Data inputs and non-inverting Data outputs, as well as two 
Chip Select lines. 

Connection Diagrams 

Features 
• Commercial address access time 

93L422-45 ns to 60 ns max 

• Military address access time 
93L422-55 ns to 75 ns max 

• Fully TTL compatible 
• Features TRI-STATE@ outputs 
• Power dissipation decreases with increasing 

temperature 
• Standard processing includes burn-in 

22-Pin DIP 24-Pln Flatpak 24·Pln Leadless Chip Carrier 

A3 1 22 Vee 

A2 2 21 A4 

Al 20 WE 
AD CS1 
A5 

Tl/D/9673-1 

Top View 

Order Number 93L422DC, 
93L422ADC, 93L422PC, 93L422APC, 

93L422DMQB or 93L422ADMQB 
See NS Package Number 

J22A * or N22A * 

Logic Symbol 

(4) 4 

(3) 3 

(2) 2 

(1) 1 

(23) 21 

(5) 5 

(6) 6 

(7) 7 

vce = Pin 22 (24) 
GND = Pin 8 
() = Flatpak 

AD 

93L422 

18 10 12 14 16 
(20)(10)(14)(16)(18) 

A3 Vee ::c ~ ~ ~::;I~ 
A2 A4 
Al WE AD CS1 
AD CS1 A5 liE AS liE 
A4 CS2 Ne CS2 
A7 03 A6 

GNO 03 
DO 02 GNO 03 
00 02 
01 01 
Ne Ne 8 0

--
NN 

OOOCO 

TlID/9673-4 
Tl/D/9673-2 Top View 

Top View 
Order Number 93L422LMQB or 

Order Number 93L422FMQB or 93L422ALMQB 
93L422AFMQB See NS Package Number E24B* 

See NS Package Number W24C* 

• For most current package information. contact product marketing. 

Tl/D/9673-3 
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Optional Processing 
QR = Burn-In 

Pin Names 

AO-A7 Address Inputs 

00-03 Data Inputs 

CS1 Chip Select Input (Active LOW) 

CS2 Chip Select Input (Active HIGH) 

WE Write Enable Input (Active LOW) 

OE Output Enable Input (Active LOW) 

00-03 Data Outputs 

• 



Absolute Maximum Ratings Guaranteed Operating Ranges 
Above which the useful life may be impaired Supply Voltage (Vee) 

Storage Temperature - 65'C to + 150'C Commercial 5.0V ±5% 

Supply Voltage Range -0.5Vto +7.0V Military 5.0V ±10% 

Input Voltage (DC) (Note 1) -0.5VtoVee 
Case Temperature (T c> 

Commercial O'Cto +75'C 
Voltage Applied to Outputs (Note 2) - 0.5V to + 5.5V 

Military - 55'C to + 125'C 
Lead Temperature (Soldering, 10 sec.) 300'C 

Maximum Junction Temperature (TJ) + 175'C 

Output Current +20mA 

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

DC Electrical Characteristics Over operating temperature ranges (Note 3) 

Symbol Parameter Conditions Min Typ Max Units 

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

VIH Input HIGH Voltage Guaranteed Input HIGH Voltage 
2.1 V 

for All Inputs (Notes 4, 5 & 6) 

Vil Input LOW Voltage Guaranteed Input LOW Voltage 
0.8 V 

for All Inputs (Notes 4, 5 & 6) 

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

III Input LOW Current Vee = Max, VIN = O.4V -150 -300 ILA 

IIH Input HIGH Curent Vee = Max, VIN = 4.5V 10 40 ILA 

IIHE Input Breakdown Current Vee = Max, VIN = Vee 10 mA 

VIO Input Diode Cramp Voltage Vee = Max, liN = -10 mA -1.0 -1.5 V 

10ZH Output Current HIGH Z Vee = Max, VOUT = 2.4V 50 
ILA 

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

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

lee Power Supply Current Commercial Vee = Max, 65 80 mA 
Military All Inputs GND 90 

All Outputs Open 

AC Electrical Characteristics (Note 6) Vee = 5.0V ± 5%, GND = OV, Te = O'C to + 75'C 

Commercial 

Symbol Parameter Conditions 
A STD 

Units I 
Min Max Min Max 

READ TIMING 

tAes Chip Select Access Time Figures 3a, 3b, 3c 30 35 ns 

tZRes Chip Select to HIGH Z 30 35 ns 

tAOS Output Enable Access Time 30 35 ns 

tZROS Output Enable to HIGH Z 30 35 ns 

tAA Address Access Time (Note 8) 45 60 ns 
Note 1: Either input voltage limit or input current limit is sufficient to protect the inputs. 

Note 2: Output current limit required. 

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

Note 4: Static condition only. 

Note 5: Functional testing done at input levels VIH = VOL (max) (0.45V) and VIH = VOH (min) (2.4V). 

Note 6: AC testing done at input levels VIH = 3V, VIL = OV. 

Note 7: Short circuit to ground not to exceed one second. 

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

Note 9: tw measured at tWSA Min tWSA measured at tw Min. 
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AC Electrical Characteristics (Note 6) Vcc = 5.0V ± 5%, GND = OV, T c = O°C to + 75°C (Continued) 

Commercial (Continued) 

Symbol Parameter Conditions 
A STO 

Min Max Min Max 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing (Note 9) Figure 4 30 45 

tWSD Data Setup Time Prior to Write 5 5 

tWHD Data Hold Time after Write 5 5 

tWSA Address Setup Time Prior to Write (Note 9) 5 5 

tWHA Address Hold Time after Write 5 5 

tWSCS Chip Select Setup Time Prior to Write 5 5 

tWHCS Chip Select Hold Time after Write 5 5 

tzws Write Enable to HIGH Z 35 40 

tWA Write Recovery Time 40 45 

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

Military 

Symbol Parameter 

READ TIMING 

tACS Chip Select Access Time 
tZACS Chip Select to HIGH Z 
tAOS Output Enable Access Time 

- tZAOS Output Enable to HIGH Z .. 
tAA Address Access Time (Note 8) 

WRITE TIMING 

tw 
tWSD 
tWHD 
tWSA 
tWHA 
tWSCS 
tWHCS 
tzws 
tWA 

Write Pulse Width to Guarantee Writing (Note 9) 
Data Setup Time Prior to Write 
Data Hold Time after Write 
Address Setup Time Prior to Write (Note 9) 
Address Hold Time after Write 
Chip Select Setup Time Prior to Write 
Chip Select Hold Time after Write 
Write Enable to HIGH Z 
Write Recovery Time 

Conditions 

Figures 3a, 3b, 3c 

Figure 4 

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

Note 2: Output current limit required. 

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

Note 4: Static condition only. 

Note 5: Functional testing done at input levels VIH = VOL (max) (O.45V) and VIH = VOH (min) (2.4V). 

Note 6: AC testing done at input levels VIH = 3V, VIL = OV. 

Note 7: Short circuit to ground not to exceed one second. 

Min 

40 
5 
5 
5 
5 
5 
5 

A 

Max 

40 
40 
40 

Min 

-40--

55 

55 
5 
5 
5 
5 
5 
5 

45 
50 

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

Note 9: tw measured at tWSA Min tWSA measured at tw Min. 
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STD 

Max 

45 
45 
45 

-45 
75 

45 
50 

Units 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Units 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

w 
r 
~ 
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Logic Diagram 

WE 

CS2 
INPUT DATA CS1 

CONTROL 

or 

AO 

A1 
ROW 32x32 OUTPUT 

A2 SELECT MEMORY DATA 

A3 
ARRAY CONTROL 

A4 

COLUMN 
SELECT 

A5 A6 A7 
TL/D/9673-5 

Truth Table 

OE CS1 

X H 
X X 
L L 
X L 
H X 

H = HIGH Voltage Level 2.4V 
L = LOW Voltage Level O.45V 
X = Don't Care HIGH or LOW 
HIGH Z = High-Impedance 

Inputs 

Functional Description 

CS2 

X 
L 
H 
H 
X 

The 93L422 is a fully decoded 1024-bit Random Access 
Memory organized 256 words by four bits. Word selection is 
achieved by means of an a-bit address AO-A7. 

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

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

WE 

X 
X 
H 
L 
X 
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Outputs 

TRI-STATE 

HIGHZ 
HIGHZ 

DOUT 
HIGHZ 
HIGHZ 

Mode 

Not Selected 
Not Selected 
READ 
WRITE 
Output Disabled 

LOW and the chip is selected, the data at 00-03 is written 
into the address location. Since the write function is level
triggered, data must be held stable for at least tWSD (Min) 

plus tw (Min) plus tWHD (Min) to insure a valid write. To read, 
WE is held HIGH and the chip selected Non-inverted data is 
then presented at the outputs (00-03). 

The 93L422 has TRI-STATE outputs which provide active 
pull-ups when enabled and high output impedance when 
disabled. This allows optimization of word expansion in bus 
organized systems. 



00-03 

93L422 1.2k.!l. 

TL/D/9673-6 

Load A TL/D/9673-8 

FIGURE 2. AC Test Input Levels 

00-03 

93L422 

TL/D/9673-7 

Load B 

"Includes jig and probe capacitance 

Note: Load A is used for all production testing 

FIGURE 1. AC Test Output Load 

3a. Read Mode Propagation Delay from Address 

------ ADORESS ~- H • 

DATA OUTPUTS tUI 
TL/D/9673-9 

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

OUTPUT ENABLE 

tAOS 

DATA OUTPUTS [:~:::. - - - - --

LOAD B 

HIGH Z • - - - - - -

DATA OUTPUTS 

LOAD B 

HIGH Z • - - - - - -

LOAD A 

TL/D/9673-10 TL/D/9673-11 

FIGURE 3. Read Mode Timing 
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CHIP SELECTS 
CSl.CS2 

ADDRESS 
AO-A7 

DATA IN 
00-03 

WRITE ENABLE 

50% 

50% 

TL/O/9673-12 

FIGURE 4. Write Mode Timing 
Note 1: Timing Diagram represents one solution which results in an optimum cycle time TIming may be changed to fit various applications as long as the worst case 
limits are not violated. 

Note 2: Input voltage levels for worst case AC test are 3.0V-OV. 
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~National 
U Semiconductor 

ADVANCE INFORMATION 

93L422A 
256 X 4-Bit Static Random Access Memory 

General Description 
The 93L422A is a 1024-bit read/write Random Access 
Memory (RAM), organized 256 words by four bits. It is de
signed for high speed cache, control and buffer storage ap
plications. The device includes full on-chip decoding, sepa
rate Data inputs and non-inverting Data outputs, as well as 
two Chip Select lines. 

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

93L422A 25 ns max 

• Military address access time 
93L422A 30 ns max 

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

ture 

Connection Diagrams 
22-Pln DIP 24-Pln Flatpak 24-Pln Leadless Chip Carrier 

- 22 Vee 
21 1.4 

20 WE 
19 ffi 

A~ 18 OE 
1.6 17 CS2 

16 03 

eND IS 03 

14 02 

13 02 

12 01 

TL/D/9996-1 

Top View 

Order Number 93L422ADC, 
93L422APC or 93L422ADMQB 

See NS Package Number 
J22A· or N22A· 

___ 1.3 
1.2 
AI 
AD 
1.5 
1.4 
1.7 

GHO 
DO 
00 
01 
He 

Top View 

WE 
ffi 
OE 
CS2 
03 
03 
02 
02 
01 
HC 

TL/D/9996-2 

Order Number 93L422AFMQB 
See NS Package Number W24C· 

'For most current package information, contact product marketing 

Logic Symbol 

~~~ : ~~ ~2(2~\ 4 1.0 

() = Flatpak (3) 3 AI 

(2) 2 1.2 

(1) 1 1.3 

(23) 21 1.4 

(5) 5 1.5 

(6) 6 1.6 

(7) 7 1.7 

93L422 

18 10 12 14 16 
(20)(10)(14)(16)(18) 

TLID/9996-3 
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AO-A7 

00-03 

CS1 

CS2 

WE 

OE 

00-03 

1.0 ffi 
1.5 OE 
NC CSZ 
1.6 

GNO 03 

8 0-- ........ ococo 

Top View 
TL/D/9996-4 

Order Number 93L422ALMQB 
See NS Package Number 111 

Pin Names 

Address Inputs 

Data Inputs 

Chip Select Input (Active LOW) 

Chip Select Input (Active HIGH) 

Write Enable Input (Active LOW) 

Output Enable Input (Active LOW) 

Data Outputs 

(,.) 

r
~ 
N 
N » 



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

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

Connection Diagram 
16-Pin DIP 

cs 16 Vee 
AO 15 D 

AI 14 WE 
A2 A9 

A3 AS 

A4 A7 

0 A6 

GND S 9 A5 

TLlD/9674-1 

Top View 

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

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

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

"For most current package information, contact product marketing. 

Optional Processing QR = Burn-In 

Logic Symbol 

vee = Pin 16 
GND = Pin 8 

2 
3 
4 
5 
6 
9 

10 
11 
12 
13 

15 14 

7 
TL/D/9674-3 

Features 
• Commercial address access time 

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

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

temperature 
• Standard processing includes burn-in 

16-Pin Flatpak 

cs Vee 
AO D 

AI WE 
A2 A9 

A3 AS 

A4 A7 

0 A6 

GND A5 

Top View 
TL/D/9674-2 

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

93L425FMQB50 
See NS Package Number W16A* 

"For most current package information, contact product marketing. 

Optional Processing QR = Burn-In 

Pin Names 

CS Chip Select (Active LOW) 

Ao-Ag Address Inputs 

WE Write Enable Input (Active LOW) 

0 Data Input 

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

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

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

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

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

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

Maximum Junction Temperature (TJ) + 175°C 

Output Current +20mA 

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

DC Electrical Characteristics Over operating temperature ranges (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

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

VIH Input HIGH Voltage 
2.1 V 

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

Vil Input LOW Voltage 
0.8 V 

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

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

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

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

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

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

IOZH Output Current (HIGH Z) 50 
""A 

Vee = Max, VOUT = 2.4V 

IOZl -50 Vee = Max, VOUT = 0.5V 

los Output Current 
-100 mA 

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

lee Power Supply Current 
60 

65 mA 93L425 Commercial 
75 mA 93L425 Military 
125 mA 93425 Commercial 
135 mA 93425 Military 

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

Note 2: Output current limit required. 

Note 3: Typical values are at Vce = 5.0V. T e = + 25'C and maximum loading. 

Note 4: Static condition only. 

Note 5: Functional testing done at input levels VIL = VOL Max (O.45V), VIH = VOH Min (2.4V). 
Note 6: AC testing done at input levels VIH = 3V, VIL = OV. 
Note 7: Short circuit to ground not to exceed one second. 

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

Note 9: tw measured at tWSA = Min. tWSA measured at tw = Min. 
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Logic Diagram 

WORD 
DRIVER 

ADDRESS 
DECODER 

AOA1A2A3A4 

32x32 
ARRAY 

SENSE AMPS 
AND 

WRITE 
DRIVERS 

ADDRESS 
DECODER 

MA6A7 A8A9 

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

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

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

TL/D/9674-4 

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

Truth Table 
Inputs 

CS WE 0 

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

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

Output 
Mode 

0 

HIGHZ Not Selected 
HIGHZ Write 0 
HIGHZ Write 1 

Dour Read 



Commercial 

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

93425-25 
93425-30 93425-45 

Symbol Parameter Conditions 93425A 93425 Units 

Min Max Min Max Min Max 

READ TIMING 

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

tZRCS Chip Select to HIGH Z 15 20 35 ns 

tAA Address Access Time (Note 8) 25 30 45 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing (Figure 4) 
20 20 35 ns 

(Note 9) 

tWSD Data Setup Time prior to Write 5 5 5 ns 

tWHD Data Hold Time after Write 5 5 5 ns 

tWSA Address Setup Time prior to Write 
5 5 5 ns 

(Note 9) 

tWHA Address Hold Time after Write 5 5 5 ns 

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

tWHCS Chip Select Hold Time after Write 5 5 5 ns 

-tzws--- - Write Enable to HIGH Z ---- - ---- -15 20 35 ns 

tWR Write Recovery Time 15 20 40 ns 

tWR Write Recovery Time (93425A) 25 ns 

Military 

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

93425-25 
93425-40 93425-60 

Symbol Parameter Conditions 93425A 93425 Units 

Min Max Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time (Figures 38, 3b) 20 25 45 ns 

tZRCS Chip Select to HIGH Z 20 25 50 ns 

tAA Address Access Time (Note 8) 30 40 60 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing (Figure 4) 
25 25 40 ns 

(Note 9) 

tWSD Data Setup Time prior to Write 5 5 5 ns 

tWHD Data Hold Time after Write 5 5 5 ns 

tWSA Address Setup Time prior to Write 
5 10 15 ns 

(Note 9) 

tWHA Address Hold Time after Write 5 5 5 ns 

twscs Chip Select Setup Time prior to Write 5 5 5 ns 

tWHCS Chip Select Hold Time after Write 5 5 5 ns 

tzws Write Enable to HIGH Z 20 25 45 ns 

tWR Write Recovery Time 20 25 50 ns 

Notes on preceding page. 
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Commercial 

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

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

Symbol Parameter Conditions 93L425A 93L425 Units 

Min Max Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time (Figures 3a, 3b) 25 30 40 ns 

tZRCS Chip Select to HIGH Z 25 30 40 ns 

tAA Address Access Time (Note 8) 35 45 60 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing (Figures 4a, 4b) 
30 35 45 ns 

(Note 9) 

tWSD Data Setup Time prior to Write 5 5 5 ns 

tWHD Data Hold Time after Write 5 5 5 ns 

tWSA Address Setup Time prior to Write 
5 5 10 ns 

(Note 9) 

tWHA Address Hold Time after Write 5 5 5 ns 

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

tWHCS Chip Select Hold Time after Write 5 5 5 ns 

tzws Write Enable to HIGH Z 20 25 45 ns 

tWR Write Recovery Time 30 35 45 ns 

Military 

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

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

Symbol Parameter Conditions 93L425A 93L425 Units 

Min Max Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time (Figures 3a, 3b) 30 35 45 ns 

tZRCS Chip Select to HIGH Z 25 30 50 ns 

tAA Address Access Time (Note 8) 40 50 70 ns 

WRITE TIMING 

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

(Note 9) 

tWSD Data Setup Time prior to Write 5 5 10 ns 

tWHD Data Hold Time after Write 5 5 10 ns 

tWSA Address Setup Time prior to Write 
10 10 10 ns 

(Note 9) 

tWHA Address Hold Time after Write 5 5 10 ns 

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

tWHCS Chip Select Hold Time after Write 5 5 5 ns 

tzws Write Enable to HIGH Z 25 30 45 ns 

tWR Write Recovery Time 25 40 55 ns 
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Vee 

o 

93425 600n. 30·pF' 

LOAD A 
TL/D/9674-5 

ET 1 .. 4 t~'PF 
LOAD B 

TL/D/9674-6 

Note: Load A is used for all production testing. 

·Includes jig and probe capacitance 

FIGURE 1. AC Test Output Load 

FIGURE 2. AC Test Input Levels 

CHIP SElECT 

LOAD A 

DATA OUTPUT 

LOAD B 

3a. Read Mode Propagation Delay from Chip Select 

AOOR~s=t:tMI 
DATA OUTPUTS 50X 

TL/D/9674-7 

3b. Read Mode Propagation Delay from Address 

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

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

CHIP SELECT 50% 

ADDRESS 50% 

DATA INPUT 

WRITE ENABLE 

TLlD/967 4-10 

Note 1: Timing Diagram represents one solution which results in an optimum cycle time. Timing may be changed to fit various applications as long as the worst 
case limits are not violated. 

Note 2: Input voltage levels for worst case AC test are 3.O/O.OV. 
FIGURE 4. Write Mode Timing 
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~National 
~ Semiconductor 

ADVANCE INFORMATION 

93L425A 
1024 x 1-Bit Static Random Access Memory 

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

Connection Diagram 
16·Pln DIP 

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

2 15 D 

A1 3 WE 
A2 4 A9 

A3 5 AS 

A4 A7 

0 7 A6 

GND S AS 

Top View 

Order Number 93L425ADC, 
93L425ADMQB or 93L425APC 

TLlO/l0004-1 

See NS Package Number J16A* or N16E* 

·For most current package information, contact product marketing. 

Logic Symbol 

Vee = Pin 16 
GND = Pin 8 

2 
3 
4 
5 
6 
9 

10 
11 
12 
13 

15 14 

7 
TL/O/l0004-3 

Features 
• New design to replace old 93L425/93425 

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

93L425A 

• Military address access time 
93L425A 

• Features TRI·STATE® output 

25 ns max 

30 ns max 

• Power dissipation decreases with increasing tempera· 
ture 

16·Pln Flatpak 

Cs Vee 
AO D 
A1 WE 
A2 A9 

A3 AS 

A4 A7 

0 A6 

GND AS 

Top View 

Order Number 93L425AFMQB 
See NS Package Number W16A* 

TL/O/l0004-2 

·For most current package information, contact product marketing. 

Pin Names 

CS Chip Select (Active LOW) 

AO-A9 Address Inputs 

WE Write Enable Input (Active LOW) 

D Data Input 

a Data Output 
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~ Semiconductor 
93479 
256 x 9-Bit Static Random Access Memory 

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

Connection Diagrams 

22-Pln Ceramic DIP 

D08 1 22 Vee 
DQ7 2 21 A7 

DQ6 20 A6 

005 19 AS 

D04 A4 

003 A3 

D02 A2 

DOl Al 

DQO AO 

Of 10 cs 
GHD 11 WE 

Top View 

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

See NS Package Number J22A * 

TL/O/9675-1 

"For most current package information, contact product marketing. 

Optional Processing QR = Burn In 

Pin Names 

AO-A7 Address Inputs 

DOO-DOS Data Input Outputs 

OE Output Enable Input (Active LOW) 

WE Write Enable Input (Active LOW) 

CS Chip Select Input (Active LOW) 

NC No Connect 

Features 
• Commercial address time 

93479-45 ns max 
93479A-35 ns max 

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

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

005 

004 

003 

002 

DQl 

000 10 

HC 11 

28-Pln LCC 

TOP 

12 13 14 15 16 17 18 

Top View 

25 A6 

24 AS 

23 A4 

A3 

A2 

Al 

HC 

TLID/9675-3 

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

"For most current package information, contact product marketing. 

Optional Processing QR = Burn In 

Logic Symbol 

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

AO 
Al 
A2 

10 13 12 

!~ 93479 

AS 
A6 
A7 

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

987654321 
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Absolute Maximum Ratings 
Above which the useful life may be impaired 

Guaranteed Operating Ranges 
Supply Voltage (Ved 

Storage Temperature - 65°C to + 150°C 

Supply Voltage Range -0.5V to +7.0V 

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

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

Lead Temperature 
(Soldering, 10 seconds) 

Maximum Junction 
Temperature (TJ) 

Output Current 

Input Current (DC) 

-1.5V to Vee (PROMs) 

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

300°C 

+175°C 

+20mA 

-12 mA to +5.0 mA 

Commercial 
Military 

Case Temperature (T d 
Commercial 
Military 

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

Note 2: Output current limit required. 

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

Note 4: Static condition only. 

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

Note 6: AC testing done at input levels VIH = 3V, VIL = OV. 

Note 7: Short circuit to ground not to exceed one second. 

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

Note 9: tw measured at tWSA = Min. tWSA measured at tw = Min. 
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5.0V ±5% 
5.0V ±10% 

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

AO 
A1 
A2 
A3 
A4 

A5 
A6 
A7 

ADDRESS 
BUFFER 

CONTROL 
LOGIC 

Functional Description 

AI.. 

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

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

The read and write operations are controlled by the state of 
the active LOW Write Enable (WE) input. With WE held 
LOW, the chip selected and the output disabled, the data at 
000-008 is written into the addressed location. Since the 
write function is level triggered, data must be held stable for 
at least tWSD(min) plus tWHD(min) to insure a valid write. To 
read, WE is held HIGH, the chip selected and the output 
enabled. Non-inverted data is then presented at the outputs 
000-008. 
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32 MEMORY CELL MATRIX 
32 x 8 x 9 - 2304 

READ/WRITE CIRCUITS 
DIN' DOUT BUFFERS 

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

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

Truth Table 
Inputs Data In/Out 

CS OE WE DQO-DQ8 

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

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

Mode 

Output Oisabled 
RWOisabled 
Read 
Write 



DC Electrical Characteristics Over operating temperature ranges (Note 3) 

Symbol Parameter Conditions Min Typ Max Units 

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

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

VIH Input HIGH Voltage Guaranteed Input HIGH Voltage 
2.1 V 

for All Inputs (Notes 4, 5 & 6) 

Vil Input LOW Voltage Guaranteed Input LOW Voltage 
0.8 V 

for All Inputs (Notes 4, 5 & 6) 

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

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

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

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

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

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

Icc Power Supply Current Commercial 

I 
Vee = Max 185 

mA 
Military All Inputs GND 200 

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

• 
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Commercial 

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

Symbol Parameter Conditions 
A Std 

Units 
Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time 25 25 ns 

tZRCS Chip Select to HIGH Z 25 25 ns 

tAOS Output Enable Access Time (Figures 3a, 3b, 3d) 25 25 ns 

tZROS Output Enable to HIGH Z 25 25 ns 

tM Address Access Time (Note 8) 35 45 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing 
25 25 ns 

(Note 9) 

tso Output Enable Setup Time 5 5 ns 

tHO Data Enable Hold Time 5 5 ns 

tWSD Data Setup Time Prior to Write 
(Figure 4) 

25 25 ns 

tWHD Data Hold Time after Write 5 5 ns 

tWSA Address Setup Time Prior to Write 
5 5 ns 

(Note 9) 

tWHA Address Hold Time after Write 5 5 ns 

tWSCS Chip Select Setup Time Prior to Write 5 5 ns 

tWHCS Chip Select Hold Time after Write 5 5 ns 

Military 

AC Electrical Characteristics (Note 6)Vcc = 5.0V ± 10%. GND = OV. Tc = -55°C to + 125°C 

Symbol Parameter Conditions 
A Std 

Units 
Min Max Min Max 

READ TIMING 

tACS Chip Select Access Time 30 40 ns 

tZRCS Chip Select to HIGH Z 30 40 ns 

tAOS Output Enable Access Time (Figures 3a, 3b, 3d) 30 40 ns 

tZROS Output Enable to HIGH Z 30 40 ns 

tAA Address Access Time (Note 8) 45 60 ns 

WRITE TIMING 

tw Write Pulse Width to Guarantee Writing 
40 40 ns 

(Note 9) 

tso Output Enable Setup Time 5 5 ns 

tHO Data Enable Hold Time 5 5 ns 

tWSD Data Setup Time Prior to Write 
(Figure 4) 

50 50 ns 

tWHD Data Hold Time after Write 10 10 ns 

tWSA Address Setup Time Prior to Write 
10 10 ns 

(Note 9) 

tWHA Address Hold Time after Write 10 10 ns 

tWSCS Chip Select Setup Time Prior to Write 10 10 ns 

tWHCS Chip Select Hold Time after Write 10 10 ns 
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600A 

IS0pf 

LOAD A -= 
TLlD/9675-5 

1·,,·1 ~f: t·~ 
LOAD a -= 

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

Note: Load A is used for all production testing. 

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

CHIP SELECT 

LOAD A 

LOAD B 

5070 

·--·H~HZ·-----------

a. Read Mode Propagation Delay from Chip Select to Output 

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

TLlD/9675-9 

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

DATA OUTPUTS 

OUTPUT ENABLE 

CHIP SELECT 

ADDRESS INPUTS 

DATA INPUTS 

LOAD B 

• - HIGH Z - - - - -

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

DATA IN 

TL/D/9675-10 

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

WRITE ENABLE 

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

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

FIGURE 4. Write Mode Timing 

TL/D/9675-11 

Note 1: Timing Diagram represents one solution which results in an optimum cycle time. Timing may be changed to fit various applications as long as the worst 
case limits are not violated. 

Note 2: Input voltage levels for worst case AC test are 3.0/0.0V. 
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~National 
D Semiconductor 
MM54C89/MM74C89 64-Bit TRI-STATE® 
Random Access Read/Write Memory 
General Description 
The MM54C89/MM74C89 is a 16-word by 4-bit random ac
cess read/write memory. Inputs to the memory consist of 
four address lines, four data input lines, a write enable line 
and a memory enable line. The four binary address inputs 
are decoded internally to select each of the 16 possible 

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

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

3.0V to 15V 
1.0V 

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

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

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

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

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

Logic and Connection Diagrams 

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

...!ftill 
ENAlLE 

MEMORY 
ENAlLE 

INPUT A 

I.'UTI 

1.'UTe 

IN'UTI 

I 
I 
I 
I 

MEMORY 
ARRAY 
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TL/F/5888-1 

Dual-In-Llne Package 

ADDRESS IN'UT A 1 " Vee 

IIlImIV ERnIE Z 15 ADDRESS lNPUTI 

WR11T ERnIE 3 14 ADDRESS IN'UTe 

DATAINPUlI 
4 

ADDRESS IN'UT D 

~GUTPlJTl I 
12 DATA IN'UT4 

DATAIN,un • 11 ~GUmlT4 

~GUTPlJTz 7 11 DATA IN,un 

GND • • ~GUTPlJT3 

Top View TL/F/5888-2 

Order Number MM54C89* 
or MM74C89* 

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

• 



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

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

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

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

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

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

CMOS TO CMOS 

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

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

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

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

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

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

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

Icc Supply Current Vee = 15V 0.05 300 /LA 

CMOS/LPTTL INTERFACE 

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

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

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

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

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

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

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

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

ISINK Output Sink Current Vee = 10V, VOUT = Vee 8.0 16 mA (N-Channel) TA = 25°C 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

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

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay from Vee = 5V 270 500 ns 
Memory Enable Vee = 10V 100 220 ns 

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

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

tHA Address Hold Time Vee = 5V 60 ns 
Vee = 10V 40 ns 

tME Memory Enable Pulse Width Vee = 5V 400 250 ns 
Vee = 10V 150 90 ns 
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AC Electrical Characteristics * T A = 25°C, CL = 50 pF, unless otherwise noted (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

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

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

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

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

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

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

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

CIN Input Capacity Any Input (Note 2) 5 pF 

COUT Output Capacity Any Output (Note 2) 6.5 pF 

CPO Power Dissipation Capacity (Note 3) 230 pF 
• AC Parameters are guaranteed by DC correlated testing. 

Note 2: Capacitance is guaranteed by periodic testing. 

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

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

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

Min Max Min Max 

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

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

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

tHA Vee = 5V 80 70 ns 
Vee = 10V 55 50 ns 
Vee = 15V 45 40 ns 

tME Vee = 5V 560 480 ns 
Vee = 10V 210 180 ns 
Vee = 15V 170 150 ns 

tWE Vee = 5V 420 360 ns 
Vee = 10V 140 120 ns 
Vee = 15V 110 100 ns 

tHO Vee = 5V 70 60 ns 
Vee = 10V 35 30 ns 
Vee = 15V 30 25 ns 

'AC Parameters are guaranteed by DC correlated testing. 
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AC Electrical Characteristics * 
Guaranteed across the specified temperature range, CL = 50 pF (Continued) 

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

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

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

• AC Parameters are guaranteed by DC correlated testing. 

Truth Table 
ME WE 

Min 

70 
35 
30 

Operation 

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

AC Test Circuits 
tOH 

Vee 

TLIF/5888-4 

Switching Time Waveforms 
tOH 

Vee 

f:'" i.milfifY 
rRm! 

ov 

VOH 

IWJ 
fiUffilT 

Read Cycle 

TL/F/5888-7 
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Max 

420 
170 
135 

Min 

60 
30 
25 

Condition of Outputs 

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

t1H 
Vee 

IlrnlfIIV 
ENABLE 

OV 

VOH 

IWJ 
!fU'ffiii' 

OV 

Write Cycle 

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

ADDRESS 
INPUT 

WRITE 
ENABLE 

DATA 
INPUT 

vcc-----"" 

vcc-------~ 

~--------, 

Max 

360 
145 
115 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

TL/F/5888-3 

TL/F/5888-6 

TL/F/5888-8 



Switching Time Waveforms (Continued) 

f.ID.fImV 
ENABLE 

ADDRESS 
INPUT 

Read Modify Write Cycle 

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

Vcc---------_ 

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

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

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

General Description 
The MM54C200/MM74C200 is a 256-bit random access 
read/write memory. Inputs consist of eight address lines 
and three chip enables. The eight binary address inputs are 
decoded internally to select each of the 256 locations. The 
internal address register, latches, and address information 
are on the positive to negative edge of CE3. The TRI
STATE data output line, working in conjunction with CE1 or 
CE2 inputs, provides for easy memory expansion. 

Address Operation: Address inputs must be stable tSA pri
or to the positive to negative transition of CE3. It is therefore 
unnecessary to hold address information stable for more 
than tHA after the memory is enabled (positive to negative 
transition). 
Note: The timing is different from the DM74200 in that a positive to negative 

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

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

Logic and Connection Diagrams 

Holding either CE1, CE2, or CE3 at a high level forces the 
output into TRI-STATE. When used in bus-organized sys
tems, CE1, or CE2, a TRI-STATE control provides for fast 
access times by not totally disabling the chip. 

Write Operation: Data is written into the memory with CE3 
low and WE low. The state of CE1 or CE2 has no effect on 
the write cycle. The output assumes TRI-STATE with WE 
low. 

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

• Low power 
• Internal address register 

3V to 15V 
1V 

0.45 Vee (typ.) 
Fan out of 1 

driving standard TTL 
500 nW (typ.) 

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

TRI·STATE 

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

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

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

X·DECDDER 

251-11T 
MEMORY ARRAY 

6-58 

TL/F/5903-1 

Dual-In-Llne Package 

ADDRESS 1 
INPUT A 

ADDRESS 2 
INPUT. _ 3 

CE, 

Top View 

14 ADDRESS 
INPUTH 

13 DATA IN 

12 WRITE 
ENABLE 

11 ADDRESS 
INPUTG 

10 ADDRESS 
INPUT F 

• ADDRESS 
INPUTE 

TLIF/5903-2 

Order Number MM54C200* or 
MM74C200* 

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



Absolute Maximum Ratings (Note 1) 

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

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

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

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

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

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

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

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

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

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

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

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

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

CMOS/TTL INTERFACE 

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

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

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

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

74C Vee = 4.75V, 10=1.6mA 

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

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

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

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

(N·Channel) TA=25·C 

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

(N·Channel) TA=25·C 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics * T A = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

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

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

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

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

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

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

teE CE3 Pulse Widths Vee = 5V 400 200 ns 
Vee = 10V 160 80 ns 

CIN Input Capacity Any Input (Note 2) 5.0 pF 

COUT Output Capacity in TRI-STATE (Note 2) 9.0 pF 

CPO Power Dissipation Capacity (Note 3) 400 pF 

AC Electrical Characteristics* CL = 50pF 

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

Min Max Min Max 

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

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

Vee = 10V 400 360 ns 

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

tSA Address Setup Time Vee = 5V 250 250 ns 

Vee = 10V 120 120 ns 

tHA Address Hold Time Vee = 5V 100 100 ns 
Vee = 10V 50 50 ns 

twE Write Enable Pulse Width Vee = 5V 450 400 ns 

Vee = 10V 225 200 ns 

teE Disable Pulse Width Vee = 5V 500 460 ns 

Vee = 10V 250 230 ns 

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

• AC Parameters are guaranteed by DC correlated testing. 

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

Note 2: CapaCitance is guaranteed by periodiC testing. 

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

ADDRESS 
INPUT 

DATA 
IN 

ADDRESS 
INPUT 

DATA 
IN 

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

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

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

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

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

r-------v~ 

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

r-------- v~ 

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

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

TLIF/5903-3 

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

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

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

----------DV 

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

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

r------V~ 

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

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

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

TL/F/5903-4 

Note: Used for fast access time in bused systems. 
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~National 
~ Semiconductor 
MM54C910/MM74C910 256 Bit TRI-STATE® 
Random Access Read/Write Memory 

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

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

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

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

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

Logic Diagrams 

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

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

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

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

1 TTL load 

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

250 ns (typ.) at 5.0V 

Input Protection 
Vee 

TL/F/5914-2 



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

contact the National Semiconductor Sales Office! Supply Voltage (Vee) 

Distributors for availability and specifications. MM54C910 4.5 5.5 V 

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

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

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

Operating Vee Range 3.0Vto 5.5V 

Standby Vee Range 1.5Vto 5.5V 

Absolute Maximum (Vee) 6.0V 

Lead Temperature (T d 
(Soldering, 10 sec.) 260°C 

DC Electrical Characteristics 
Min/Max limits apply accross the temperature and power supply range indicated 

Symbol Parameter Conditions Min Typ Max Units 

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

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

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

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

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

10 = -400 p.A 2.4 V 

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

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

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

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

Symbol Parameter Min Typ Max Units 

tAee Access Time from Address 250 500 ns 

tpd Propagation Delay from ME 180 360 ns 

tSA Address Input Set-Up Time 140 70 ns 

tHA Address Input Hold Time 20 10 ns 

!ME Memory Enable Pulse Width 200 100 ns 

!ME Memory Enable Pulse Width 400 200 ns 

tso Data Input Set-Up Time 0 ns 

tHO Data Input Hold Time 30 15 ns 

!WE Write Enable Pulse Width 140 70 ns 

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

CAPACITANCE 

CIN Input Capacity 
5.0 pF 

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

Any Output (Note 2) 
I 

CPO Power Dissipation Capacity 
350 pF 

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

MMS4C910 MM74C910 

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

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

Min Max Min Max 

tAee Access Time from Address 860 700 ns 

tpd1, tpdO Propagation Delay from ME 660 540 ns 

tSA Address Input Set·Up Time 200 160 ns 

tHA Address Input Hold Time 20 20 ns 

tME Memory Enable Pulse Width 280 260 ns 

tME Memory Enable Pulse Width 750 600 ns 

tso Data Input Set·Up Time 0 0 ns 

tHO Data Input Hold Time 50 50 ns 

twE Write Enable Pulse Width 200 180 ns 

t1H, toH Delay to TRI·STATE (Note 4) 200 200 ns 

• AC Parameters are guaranteed by DC correlated testing. 

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

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CPO determines the no load AC power consumption for any CMOS device. For complete explanation see 54C174C Family Characteristics application note 
AN·9O. 

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

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

L L Write TRI·STATE 
450 

400 L H Read Data 

350 
,-' 

H L Inhibit, Store TRI·STATE 

! 300 
4.5~ ,'" ,-' 

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

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

; 200 ~ 

150 
c 

100 

50 

0 
-55 -25 5 35 85 85 125 

FREE AIR TEMPERATURE ,OC) 

TLlF/5914-4 

AC Test Circuits 
tOH t1H 

Vee Vee 
) 

~RL -LcL 

002 003 

-LcL ~RL :R RL • L 

~T T 002 003 

~CL l'C
L 

':" ~ 

Vee ~ V) ~ "* RL .lCL 

001 DOC 

-LcL : RL • ~RL .:RL . T T~ 
-LCL 

001 DOC 

-LCL 

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

~ -:r TL/F/5914-6 

TLlF/5914-5 
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AC Test Circuits (Continued) 

J" 

Switching Time Waveforms 

All Other AC Tests 

002 DOl 

001 004 

Read Cycle 
(See Note 1) 

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

VCC------__ 

ADDRESS -
INPUT 

T" 

TL/F/5914-7 

WRiTE 
ENABLE 

VCC-----JV~U71~~~~tr---_r-------

MEMORY 
ENABLE 

ADDRESS 
INPUT 

iiAi'A 
lmT 

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

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

VCC-------'" 

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

6-65 

TLlF/5914-8 

• 
TL/F/5914-9 



Switching Time Waveforms (Continued) 

Read Modify Write Cycle 
(See Note 1) 

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

ADDRESS 
INPUT 

Vee------. 

~ Vee 
IrtlT 

LATCHED ADDRESS 

WifiTE Vee qtm 
ENABLE 

-- t~D 
Vee X ----

DATA IN ___ _ 

TL/F/5914-10 

tOH 

m VO: j"VCO 

VCO~TRI"AT'" DATA 
OUT 

o -.-
0.1 Vee 

TL/F/5914-11 

Veer m: 0 0.5 Vee 

~-i 
DATA 

OUT 
Vee \::Tvee 

o --- TRI,sTATE® 

TL/F/5914-12 

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

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

Connection Diagram 
Dual-In-Llne Package 

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

118 17 16 15 14 13 12 11 10 

r-- -

1 2 3 4 5 6 7 8 
1

9 

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

TL/F/5914-3 

Top View 
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Order Number MM54C910· or MM74C910· 

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



~National 
~ Semiconductor 
MM54C989/MM74C989 
64-Bit (16 x 4) TRI-STA'TE® RAM 

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

Address Operation: Address inputs must be stable tSA pri
or to the positive to negative transition of memory enable. It 
is thus not necessary to hold address information stable for 
more than tHA after the memory is enabled (positive to neg
ative transition of memory enable). 
Note: The timing is different than the DM7489 in that a positive to negative 

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

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

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

Features 
c Wide supply voltage range 

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

compatibility 
D Input address register 
IJ Low power consumption 

3.0V to 5.5V 
1.OV 

0.45 Vee (typ.) 
Fan out of 2 

driving 74L 

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

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

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

Logic and Connection Diagrams 

WiiiTl 
ENABLE 

MEMORY 
ENABlE 

INPUT A 

INPUTS 

INPUTC 

INPUT. 

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

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

ADDRESS I 
INPUT A 

MmUJ!Y 2 
rnm 

wmn: 3 
rnm 

DATA 4 
INPUT! 

IlAn 5 
lJlITroT 1 

DATA & 
INPUT2 

DATA 1 
mPUTz 

GND 

Top View 

15 ADDRESS 
INPUT B 

14 ADDRESS 
-INPUTC 
13 ADDRESS 

INPUT D 
12 DATA 

INPUT4 
11 IlAn 

lJlITroT 4 
10 DATA 

INPUT 3 
9 Im'lI 

GUmlT3 

Tl/F/5925-2 

Order Number 
MM54C989* or MM74C989* 

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



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

Distributors for availability and specifications. MM54C989 4.7 5.5 V 

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

Power Dissipation Temperature (T p.) 

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

Small Outline 500mW MM74C989 -40 +85 ·C 

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

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

(Soldering, 10 seconds) 260·C 

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

Symbol Parameter Conditions Min Typ Max Units 

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

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

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

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

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

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

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

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

Vee = 5V 

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

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

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

Symbol Parameter Min Typ Max Units 

tAee Access Time from Address 140 500 ns 

tpo Propagation Delay from ME 110 360 ns 

tSA Address Input Set-Up Time 140 30 ns 

tHA Address Input Hold Time 20 15 ns 

tME Memory Enable Pulse Width 200 80 ns 

!ME Memory Enable Pulse Width 400 100 ns 

tso Data Input Set-Up Time 0 ns 

tHO Data Input Hold Time 30 20 ns 

!wE Write Enable Pulse Width 140 70 ns 

t1H, tOH Delay to TRI-STATE, CL = 5 pF, RL = 10k, (Note 4) 100 200 ns 

CAPACITANCE 

CIN Input Capacity, Any Input, (Note 2) 5 pF 

COUT Output Capacity, Any Output, (Note 2) 8 pF 

CPO Power Dissipation Capacity, (Note 3) 350 pF 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: CPO determines the no load AC power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note, AN-90. 
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AC Electrical Characteristics* (Continued) 

MM54C989: T A = - 55°C to + 125°C, Vee = 4.5V to 5.5V, CL = 50 pF 
MM74C989: TA = -40°C to + 85°C, Vee = 4.75V to 5.5V, CL = 50 pF 

Symbol Parameter 
MM54C989 MM74C989 

Units 
Min Max Min Max 

tAee Access Time from Address 500 620 ns 

tp01, tpoo Propagation Delay from ME 350 430 ns 

tSA Address Input Set·Up Time 150 140 ns 

tHA Address Input Hold Time 50 60 ns 

tME Memory Enable Pulse Width 250 310 ns 

tME Memory Enable Pulse Width 520 400 ns 

tso Data Input Set·Up Time 0 0 ns 

tHo Data Input Hold Time 60 50 ns 

twE: Write Enable Pulse Width 220 180 ns 

t1H, tOH Delay to TRI·STATE, (Note 4) 200 200 ns 

"AC Parameters are guaranteed by DC correlated testing. 

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

Note 2: Capacitance is guaranteed by periodic testing. 

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

- Note_4:SeeAC test circuit for tlH, toH. - - ------ --- -------- - ---------- -- ------ -----

Truth Table 
ME WE Operation Condition of Outputs 

L L Write TRI·STATE 

L H Read Complement of Selected Word 

H L Inhibit, Storage TRI·STATE 

H H Inhibit, Storage TRI·STATE 

AC Test Circuits 
tOH t1H All Other AC Tests 

vee 
~ 

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

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

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

T 
TL/F/5925-4 

TL/F/5925-5 

TL/F/5925-3 
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Switching Time Waveforms 

MEMORY 
ENABLE 

ADDRESS 
INPUT 

Read Cycle (Note 1)* 

Vee----+_---_ 

Vee------, 

ItIDilI1iV Vee 
ENABLE 

Write Cycle (Note 1)* 

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

INPUT 

_Vee 
WRITE 

ENABLE 

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

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

u:m; 
!flIT 

Read-Modify-Write Cycle (Note 1)* 

ADDRESS 
INPUT 

Vee-----_ 

I!ln Vee 

D"UT 

LATCHED ADDRESS 

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

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

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

Note 2: tr = tf = 20 ns for all inputs. 
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tOH 

TL/F/5925-9 

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

D"UT a --- TRI·STATE@ 
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~National 
~ Semiconductor 
NMC2147H 4096 x 1-Bit Static RAM 

General Description Features 
• All inputs and outputs directly TTL compatible The NMC2147H is a 4096-word by 1-bit static random ac

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

• Static operation-no clocks or refreshing required 

The separate chip select input automatically switches the 
part to its low power standby mode when it goes high. 

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

Block Diagram* 

AD 

AI 

tl ({)_ID_<JL_ 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

• Automatic power-down 
• High-speed-down to 35 ns access time 
• TRI-ST ATE® output for bus interface 
• Separate Data In and Data Out pins 

• Single + 5V supply 
• Standard 18-pin dual-in-line package 
• Available in MIL-STD-883 class B screening 

Logic Symbol * 

~VCC 

~vss 

DIN(DI 

°aUT(O) 
A7 

AI 

A9 

AID 

Al1 B WE 
DIN(DI (SI (WI 

Y Y 
TL/D/5257-2 

COUT(O) 

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

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

DIN (D) 
DOUT(Q) 

Vee 
Vss 

Al1 AID A9 

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

Ground 

AI A7 AS 

TLlD/5257-1 

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

or NMC2147HJ-3L 
See NS Package Number J18A 

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

AD 

AI 

A2 

A3 

A4 

A5 

DaUT(Q) 7 

WE(W)B 

vss 

TLlD/5257-3 

Top View 



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

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

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

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

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

DC Output Current 20mA L H X DOUT Read Active 

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

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

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

NMC2147H-1 

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

Min Max Min Max Min Max 

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

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

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

VIH Input High Voltage 2.0 6.0 2.0 6.0 2.0 6.0 V 

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

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

ICC Power Supply VIN = 5.5V, TA = O·C, 125 180 160 mA 
Current Output Open 

ISB Standby Current VCC = Min to Max, CS = VIH 20 30 20 mA 

IPO Peak Power-On VCC = VSS to VCC Min, 30 40 30 mA 
Current CS = Lower of VCC or VIH Min 

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

Symbol Parameter Conditions Min Max Units 

CIN Address/Control Capacitance VIN = OV 5 pF 

COUT Output Capacitance VOUT = OV 6 pF 

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

Note 2: These circuits require 500 ,...s time delay after vee reaches the specified minimum limit to ensure proper orientation after power-on. This allows the 
internally generated substrate bias to reach its functional level. 

Note 3: This parameter is guaranteed by periodic testing. 

AC Test Conditions 
Input Test Levels GNDt03.0V DoUT 5V 

Input Rise and Fall Times 5 ns 
( () 

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

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

Output Load See Figure 1 4~ 30 pF 

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

FIXTURE) 

~ 
TL/O/5257-4 

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

Symbol NMC2147H-1 NMC2147H-2 
NMC2147H-3 

NMC2147H 
Parameter 

NMC2147H-3L 
Units 

Alternate Standard Min Max Min Max Min Max Min Max 

tAC TAVAV Read Cycle Time 35 45 55 70 ns 

tAA TAVQV Address Access Time 35 45 55 70 ns 

tACS TSLQV Chip Select Access Time 
35 45 55 70 

(Notes 4) 
ns 

tlZ TSLQX Chip Select to Output Active 
5 5 10 10 

(Note 5) 
ns 

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

TRI-STATE (Note 5) 
ns 

tOH TAXQX Output Hold from Address 
5 5 5 5 

Change 
ns 

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

tpD TSHIL Chip Deselect to Power-Down 20 20 20 30 ns 

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

Access (TAVQV-ns) 35 45 55 55 70 

_ Active Current (ICC-mA) 180 180 180 125 160 

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

Read Cycle Waveforms* 

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

ADDRESS * IAA 
(TAVQV) I 

DATA DUT "" 
tOH J 

I'"XU''' 

TL/O/5257 -5 

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

IRC 
(TAVAV) 

Ciiiffiillf ~ -,1[ 

lACS - 1HZ 
(TSLQV) I (TSHDZ) 

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

"'" DATA OUT 
HIGH IMPEDANCE 

DATA VALID -#- HIGH IMPEDANCE 

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

5D% SUPPLY 60% 
CURRENT ISS 

TL/O/S2S7-6 

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

Note 5: Measured ±50 mV from steady state voltage. This parameter is sampled and not 100% tested. 

·The symbols in parentheses are proposed industry standard. 
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Write Cycle AC Electrical Characteristics TA = O°C to 70°C, VCC = 5V ± 10% (Note 1) 

Symbol NMC2147H-1 NMC2147H-2 
NMC2147H-3 

NMC2147H 
Parameter NMC2147H-3L Units 

Alternate Standard Min Max Min Max Min Max Min Max 

twe TAVAV Write Cycle Time 35 45 55 70 ns 

tew TSLWH Chip Select to End of Write 35 45 45 55 ns 

tAW TAVWH Address Valid to End of Write 35 45 45 55 ns 

tAS TAVSL Address Set-Up Time 
0 0 0 0 

TAVWL 
ns 

twp TWLWH Write Pulse Width 20 25 25 40 ns 

tWR TWHAX Write Recovery Time 0 0 10 15 ns 

tow TDVWH Data Set-Up Time 20 25 25 30 ns 

tOH TWHDX Data Hold Time 10 10 10 10 ns 

twz TWLQZ Write Enable to Output 
0 20 0 25 0 25 0 35 

TRI-STATE (Note 5) 
ns 

tow TWHQX Output Active from End 
0 0 0 0 

of Write (Note 5) 
ns 

Write Cycle Waveforms * (Note 6) 

Write Cycle 1 (Write Enable Limited) 

twc 
(TAVAV) 

ADDRESS j~ ''l. 
~~ -

tcw 
(TSLWH) 

RTrnrnT~ ~~ J~ ~ 
tAW twR 

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

\TAVVVLI (TWLWH) 

mJm[l ~~~ J'-

tDW tDH 
(TDVWH) (TWHDX) 

DATA IN ) J( 

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

DATA OUT 
, HIGH IMPEDANCE 

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

WRITE ENABLE 

DATA IN 

DATA OUT 

Write Cycle 2 (Chip Select Limited) 

DATA UNDEFINED 

tcw 
ITSLWH) 

HIGH IMPEDANCE 

TL/D/5257-8 

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

"Th9symbols in parentheses are proposed industry standard. 
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~National 
D Semiconductor 
NMC2148H 1024 x 4-Bit Static RAM 
General Description Features 
The NMC2148H is a 1024-word by 4-bit static random ac
cess memory fabricated using N-channel silicon-gate tech
nology. All internal circuits are fully static and therefore re
quire no clocks or refreshing for operation. The data is read 
out nondestructively and has the same polarity as the input 
data. 

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

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

Block Diagram * 

AI 0-----1 

AS~----I 

A4~----f 

AI~IS ___ -I 

11 
A'~----f 

A7o.;.;l7 ___ -I 

1104 1\ 
(OQ41 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

COLUMN 110 CIRCUITS 

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

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

Logic Symbol* 

.,..l!.ovcc 

+-.lovss 
A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 

1101 
(DOl) 

TL/D17404-3 

Connection Diagram* 

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

Pin Names· 
Address Inputs 
Write Enable 
Chip Select 

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

Data Input/Output 

Power (5V) 

Ground 

TL/D/7404-1 

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

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

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

18 
A6 vee 

A5 17 A7 

A4 16 A8 

15 
A3 A9 

AD 
141101 

(Dol) 

AI 
13 1/02 

(DD21 

A2 
12 1/03 

(DQ3) 

CS(!I 11 1104 
(DQ41 

vss 10 m(tl 

TL/D17404-2 

Top View 



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

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

Voltage at Any Pin with Respect to VSS -3.5Vto +7V L L H Write 1 Active 

Storate Temperature - 65°C to + 150°C L L L Write 0 Active 

Temperature with Bias -10°Cto + 85°C L H DOUT Read Active 

DC Output Current 20mA 

Power Dissipation 1.2W 

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

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

NMC2148H·L 
NMC2148H 

Symbol Parameter Conditions NMC2148H·3L 
NMC2148H·2 

Units 
NMC2148H·3 

Min Max Min Max 

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

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

VIL Input Low Voltage -2.5 0.8 -2.5 0.8 V 

VIH Input High Voltage 2.1 6.0 2.1 6.0 V 

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

0.4 
-----

-0~4-- --V-

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

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

ISB Standby Current VCC = Min to Max, CS = VIH 20 30 mA 

IPO Peak Power-On Current VCC = VSS to VCC Min, 30 40 mA 
CS = Lower of VCC or VIH Min 

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

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

Symbol Parameter Conditions Min Max Units 

CIN Address/Control Capacitance VIN = OV 5 pF 

CliO Input/Output Capacitance VIIO = OV 7 pF 

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

Note 2: These circuits require 500 JLs time delay after vee reaches the specified minimum limit to ensure proper operation after power-on. This allows the 
internally generated substrate bias to reach its functional level. 

Note 3: This parameter is guaranteed by periodic testing. 

AC Test Conditions 
Dour 5V 

Input Test Levels GNDt03.0V ) ( 

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

Output Timing Reference Levels 0.8V and 2.0V 4~ 

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

~ AND FIXTURE) 

TL/D17404-4 

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

Symbol NMC2148H·2 
NMC2148H·3 NMC2148H 

Parameter NMC2148H·3L NMC2148H·L Units 

Alternate Standard Min Max Min Max Min Max 

tRC TAVAV Read Cycle Time 45 55 70 ns 

tAA TAVQV Address Access Time 45 55 70 ns 

tACS1 TS LQV 1 Chip Select Access Time (Notes 4 and 5) 45 55 70 ns 

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

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

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

tOH TAXQX Output Hold from Address Change 5 5 5 ns 

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

tpD TSHIL Chip Deselect to Power-Down 30 30 30 ns 

Max Access/Current NMC2148H·2 NMC2148H·3 NMC2148H NMC2148H·3L NMC2148H·L 

Access (TAVQV-ns) 45 55 70 55 70 

Active Current (ICC-mA) 180 180 180 125 125 

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

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

IRC - ,'''YAY, I 
ADDRESS I 

IAA 
(TAVOVI I 

DATADUT 'n.T ,llO ~ DATA VALID 

IOH1-l -(TAXOXI 

TL/D17404-5 

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

IRC 
(TAVAVI 

CHIP SELECT 1 ~ ,'l 

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

DATA OUT 
(TSlOXI 

DATA VALID 
T 

HIGH IMPEDANCE + HIGH IMPEDANCE 

I r' IPD 

- In"," 1 vcc ICC ________ (TSlIHI 

50% SUPPLY 50% 
CURRENT ISS 

TL/D/7404-6 

Note 4: Addresses must be valid coincident with or prior to the chip select transition from high to low. 
Note 5: Chip deselected longer than 55 ns. 
Note 6: Chip deselected less than 55 ns. 
Note 7: Measured ±50 mV from steady state voltage. This parameter is sampled and not 100% tested. 

"The symbols in parentheses are proposed industry standard. 
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Write Cycle AC Electrical Characteristics TA = O°C to + 70°C, VCC = 5V ± 10% (Note 1) 

Symbol NMC2148H·2 
NMC2148H·3 NMC2148H 

Parameter NMC2148H·3L NMC2148H·L Units 

Alternate Standard Min Max Min Max Min Max 

twe TAVAV Write Cycle Time 45 55 70 ns 

tew TSLWH Chip Select to End of Write 40 50 65 ns 

tAW TAVWH Address Valid to End of Write 40 50 65 ns 

tAS TAVSL Address Set-Up Time 0 0 0 ns 

TAVWL 

twp TWLWH Write Pulse Width 35 40 50 ns 

tWR TWHAX Write Recovery Time 5 5 5 ns 

tow TDVWH Data Set-Up Time 20 20 25 ns 

tOH TWHDX Data Hold Time 0 0 0 ns 

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

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

Write Cycle Waveforms* (Note 8) 

Write Cycle 1 (Write Enable Limited) 

twc - -

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

ADDRESSjE ~~ 
j~ -

tcw 
(TSlWH) 

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

tAS 
tIAVVVM) 

twp 
(TAVWl) (TWlWH) 

WRITE ENABLE )~ \ 7"-
tDW tDH 

(TDVWH) (TWHDX) 

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

-'k"- HIGH IMPEDANCE 
DATA OUT ~~ 

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

Z 

DATA IN 

DATA OUT 

tcw 
(TSLWH) 

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

DATA UNDEFINED 
HIGH IMPEDANCE 

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

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

'Symbols in parentheses are proposed industry standard. 
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~National 
~ Semiconductor 
NM1600/NM1601 
65,536 x 1-Bit Static RAM 

General Description 
The NM1600INM1601 is a 65,536-bit fully-static, asynchro
nous, random access memory organized as 65,536 words 
by 1-bit per word. The NM1600/NM1601 is based on an 
advanced, isoplanar, oxide-isolation CMOS process. The 
process utilizes fully-implanted CMOS technology, with sub-
2 micron design rules and tantalum silicide gate electrodes 
for high performance. The combination of this high-perform
ance technology, and speed-optimized circuitry results in a 
very high-speed memory device. The NM1601 is identical to 
the NM1600 with the additional feature of power down for 
low power battery backup. 

Functional Block Diagram 

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

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

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

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

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

2.0V to 5.5V 

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

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

D 

en en 
a:: eJ .... 

~ 
~ 

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

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

C 
10 ~ C ~ a:: a:: 

0 0 ;c ;c 

COLUMN I/O CIRCUITS 

COLUMN DECODERS 

AD A15 AID A9 AS A7 A6 A5 

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

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

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

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

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

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

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

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

(Averaged over any 1 ,..,s time interval) taken to avoid application of any voltage higher than 
Note: Stresses greater than those listed under "Absolute maximum rated voltages to this high·impedance circuit. 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied Exposure to absolute maximum rating condi· 
tions for extended periods may affect device reliability. 

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

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

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

Standard Alternate Min Max Min· Max Min Max 

READ CYCLES 

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

(Read Cycle Time) 

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

(Address Access Time) (Note 5) 

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

(Output Hold Time) 

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

HIGH (Note 6) 

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

6 TElQX TlZ Chip Enable lOW to Output low Z 
(Chip Enable to Output Active) 5 5 5 ns 
(Note 4) 

7 TEHQZ THZ Chip Enable HIGH to Output High Z 
(Chip Disable to Output Disable) 0 10 0 12 0 15 ns 
(Note 9) 

8 TELICC TPU Chip Enable lOW to Operating 
0 0 0 ns 

Supply Current (Note 4) 

9 TEHISB TPD Chip Enable HIGH to 
25 27 30 ns 

Standby Current (Note 4) 

Timing Waveforms 
Read Cycle 1 

TAVAX(l) 

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

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

I 'I 
TL/D/9676-7 

Access is under address control where E is active prior to or within 5 ns of address change. W = HIGH. 
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AC Electrical Characteristics T A = O·C to + 70·C, vcc = VCCMAX to VCCMIN (Continued) 

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

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

Standard Alternate Min Max Min Max Min Max 

WRITE CYCLE 1 

10 TAVAX TWC Address Valid to Address Invalid 
25 30 35 

(Write Cycle Time) 
ns 

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

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

12 TAVWH TAW Address Valid to Write HIGH 
(Address Setup to End of Write) 19 22 25 ns 
(Note 7) 

13 TWHAX TAH Write HIGH to Address Don't Care 
(Address Hold after End of Write 0 0 0 ns 
(Notes 7 & 12) 

14 TWLWH TWP Write LOW to Write HIGH 
19 22 25 

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

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

16 TDVWH TDS Data Valid to Write HIGH 
(Data Setup to End of Write) 10 10 12 ns 

- -- --- (Notes 7 & 12) ---- - ------ -- -----

17 TWHDX TDH Write HIGH to Data Don't Care 
(Data Hold after End of Write) 0 0 0 ns 
(Notes 7 & 12) 

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

19 TWHOX TOW Write HIGH to Output Don't Care 
(Output Active after End of Write) 5 5 5 ns 
(Note 4) 

Timing Waveforms (Continued) 

Read Cycle 2 

TELEH(4) 

E (CHIP ENABLE) -'I( ""l 

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

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

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

TL/D/9676-B 

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

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

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

Standard Alternate Min Max Min Max Min Max 

WRITE CYCLE 2 

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

(Address Setup) (Notes 7 & 8) 
ns 

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

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

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

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

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

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

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

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

Timing Waveforms (Continued) 

Write Cycle 1 

TAVAX(10) 

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

TWLEH(ll) 

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

Vi (WRITE ENABLE) ~ 

TWLWH(14) 
-,VIIIIIIIIIIIIII 

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

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

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

TL/D/9676-9 

This write cycle is W controlled, where E is active (LOW) prior to W becoming active (LOW). In this write cycle the data out may become active, requiring 
observance of TWLQZ to avoid data bus contention in common 110 applications. At the end of the write cycle the data out may become active if W becomes 
inactive (HIGH) prior to E becoming inactive (HIGH). 
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DC Electrical Characteristics T A = O·C to + 70·C 

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

Min Max Min Max Min Max 

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

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

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

Output Open 

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

Current 

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

Supply Current I NM1601 (Note 2) 5 5 5 

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

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

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

Vee Supply Voltage Except Data -25 
Retention Mode 4.5 5.5 

4.5 5.5 4.5 5.5 V 
-255 

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

4.75 5.5 

Timing Waveforms (Continued) 

Write Cycle 2 

TAVAX(10) 

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

TElEH(21) 

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

TAVEH(23) 

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

~IIIIIIIIIIIII 

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

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

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

TL/D/9676-10 

This write cycle Is I: controlled, where W Is active (LOW) prior to, or coincident with, 1: becoming active (LOW). In this write cycle the data out remains In the high 
Impedance state (TRI·STATE) at the beginning of the write cycle, precluding potential data contention In common 1/0 applications. 
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Data Retention Characteristics (NM1601 only) T A = O'C to + 70'C, VCC = 2.0V to 5.5V 

No. Symbol Parameter Conditions Min Max Units 

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

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

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

VOR = 2.0V I 
50 

/J-A 
35 

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

ns o 

30 TR Recovery Time 
(Notes 4 & 13) 

ns 

Data Retention Waveform 

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

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

~ ~ 

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

TL/D/9676-15 

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

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Vce -0.2V !S: E !S: Vee +0.2V, and all other inputs, 
(including the data inputs) at steady state and satisfying one of two conditions: Either, Vee -0.2V !S: VIN !S: Vee +0.2V or VSS -0.2V !S: VIN !S: VSS + 0.2V. This 
condition results in a significant reduction in current in the input buffers and consequently a lower overall current level. 

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

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

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

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least 5 ns prior to E transitioning LOW (active). Timing considerations are then 
referenced to the LOW (active) transitioning edge of E. 
Note 7: A write condition exists only during intervals where both Vii and E are LOW (active). The internal Write starts when the second of these signals becomes 
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive). 

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

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

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

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

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

Note 13: TAVAX = Read Cycle Timing. 

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

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

AO 22 Vee 
AI 21 AI5 

A2 20 AI4 

A3 19 AI3 

A4 18 AI2 

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

A7 15 A9 

Q 14 A8 

Vi 10 13 D 

Vss 11 12 E 

TL/D/9676-1 

Top View 

Order Number* 
NM1600J25, NM1600J255, NM1600J30, 
NM1600J35, NM1600N25, NM1600N255, 
NM1600N30, NM1600N35, NM1601J25, 
NM1601J255, NM1601J30, NM1601J35, 

NM1601N25, NM1601N255, 
NM1601N30 or NM1601N35 

See NS Package Number 0220* or N22B* 

·Call factory for package outlines and dimensions. 

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

Al0 
All 
A12 
AI3 
A14 
A15 

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

21 10 12 

13 

Q 

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

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

A2 20 AU 

A3 19 A13 

A4 18 A12 

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

A7 15 A9 

Q 14 A8 

TLlD/9676-2 

Top View 

Order Number* 
NM1600E25, NM1600E255, NM1600E30, 
NM1600E35, NM1601E25, NM1601E255, 

NM1601E30 or NM1601E35 
See NS Package Number E22A * 

·Call factory for package outlines and dimensions. 

Pin Names 

Ao-A15 Address Inputs 

E Chip Enable 

IN Write Enable 

D Data Input 

Q Data Output 

Vee Power (5.0V) 

Vss Ground (OV) 

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

Input Pulse Levels OV to 3.0V 

Input Rise and Fall Times 3 ns 

Input and Output Reference Levels 1.5V 

Output Load (See Figures 1 and 2) 

Capacitance (Note 4) 

Symbol Parameter 

Input Capacitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation 

AQ 
C = AV where AV = 3V. 

+5V 

.~480n 

Dour - .. - ..... 

30 pF·; r: : ~ 255n 

----== 

Max Units 

6 pF 

7 pF 

TL/D/9676-5 

FIGURE 1. Output Load 

STANDARD TIMING PARAMETER ABBREVIATIONS 

TXXXX 

"gna' nom. '",m whl,h ,n ..... ". d.fln.d---.llil 
transition direction for first signal 

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

TL/D/9676-11 

The transition definitions used in this data sheet are: 

H = transition to high state. 

L = transition to low state. 
V = transition to valid state. 
X = transition to invalid or don't care condition. 
Z = transition to off (high impedance) condition. 

Truth Table 
Mode E W D Q 

Standby H X X HIGHZ 

Read L H X 0 

Write L L D HIGHZ 

HIGH Z = High impedance 

D = Valid data bit 

X = Don't care 

+5V 

480n 

Dour-"-~ 

5
P"L'25SA 

-== 
·including scope and Jig. 

Power Level 

Standby 

Active 

Active 

TL/D/9676-6 

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

TIMING VALUES 

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

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

INVALID or Don't Care. Transition from HIGH to LOW level, may occur Transition from LOW to HIGH level, may occur 
any time during this period. any time during this period. 
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~National 
~ Semiconductor 
1600A/1601A 65,536 x 1-Bit Static RAM 
Military Temperature Range 

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

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

Functional Block Diagram 

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

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

timing skews, equal to minimum read cycle time 
• Specifications guaranteed over full military temperature 

range (-55°C to + 125°C) 
• No internal clocks-high speed achieved without ad-

dress transition detection circuitry 
• All inputs and outputs directly TTL compatible 
• Separate data input and TRI-STATE® output 
• Available in 22-pin DIP or LCC 
• Single + 5V Operation (± 10%) 
• Low power dissipation (data retention 1601A): 

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

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

• Polyamide die coat for alpha immunity 

MSB ~ LSB 

Vi 
E 

A13 A12 All A4 A3 A2 A14 Al 

Vl Vl 

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

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

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

AO 

MSB----------+~ LSB 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Voltage on Any Input or Output Pin 

with Respect to Vss 
Storage Temperature 

Operating Temperature 

Power Dissipation 

Continuous Output Current 

-2.0V to Vee +2V 
- 65·C to + 150·C 

- 55·C to + 125·C 

1.0W 

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

25mA 

25mA 

Thermal Resistance 
8 Side-Brazed DIP 
8JC LCC 

15·C/W 
20·C/W 

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

6-90 

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

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

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

All Voltages are referenced to Vss pin = OV. 

Units 
V 
V 
V 

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

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



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

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

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

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

READ CYCLES 

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

(Read Cycle Time) 
ns 

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

(Address Access Time) (Note 5) 
ns 

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

(Output Hold Time) 
ns 

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

Enable HIGH (Note 6) 
ns 

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

(Chip Enable Access Time) (Note 6) 
ns 

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

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

_ 8 TELICC TPU Chip Enable LOW to Operating -~ - -- - - -

Supply Current (Note 4) 
0 0 0 0 0 ns 

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

Standby Current (Note 4) 
ns 

Timing Waveforms 
Read Cycle 1 

TAVAX(1) 

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

I 
!:::=1 TAXQX(3) 

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

I I 
TLlD/9677-7 

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

Read Cycle 2 

TELEH(4) 

E (CHIP ENABLE) "J 

TELQV(5) 
-TEHOZ(7)-

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

TELQX(6) -:-I. I 

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

TL/D/9677-B 

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

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

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

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

WRITE CYCLE 1 

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

(Write Cycle Time) 
ns 

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

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

12 TAVWH TAW Address Valid to Write HIGH 
(Address Setup to End of Write) 22 25 30 35 35 ns 
(Note 7) 

13 TWHAX TAH Write HIGH to Address Don't Care 
(Address Hold after End of Write 0 0 0 2 5 ns 
(Notes 7 & 12) 

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

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

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

16 TDVWH TDS Data Valid to Write HIGH 
(Data Setup to End of Write) 10 12 12 15 15 ns 
(Notes 7 & 12) 

17 TWHDX TDH Write HIGH to Data Don't Care 
(Data Hold after End of Write) 0 0 0 2 5 ns 
(Notes 7 & 12) 

18 TWLQZ TWZ Write LOW to Output High Z 
(Write Enable to Output Disable 0 12 0 12 0 15 0 18 0 20 ns 

(Notes 4 & 9) 

19 TWHQX TOW Write HIGH to Output Don't Care 
(Output Active after End of Write) 5 5 5 5 5 ns 
(Note 4) 

Timing Waveforms (Continued) 

Write Cycle 1 

TAVAX(10) 

A (ADDRESS) X X X X X-lt- ADDRESS VALID xxxxxxxxxxxx 
TWLEH(11) 

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

Vi (WRITE ENABLE) r 
TWLWH(14) 

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

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

I---TWLOZ(18}~ - --TWHOX(19} 

o (DATA OUT) PREVIOUS XXXXXXXXXXXXXX DATA XXXXXXXXXXXXXJ-HIGH-Z-

TL/D/9677-9 

This write cycle is Vii controlled, where E is active (LOW) prior to Vii becoming active (LOW). In this write cycle the data out may become active, requiring 
observance of TWLQZ to avoid data bus contention in common 1/0 applications. At the end of the write cycle the data out may become active if Vii becomes 
inactive (HIGH) prior to E becoming inactive (HIGH). 
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AC Electrical Characteristics Te = -55°C to + 125°C, Vee = 5.0V ± 10% (Continued) 

Symbol 
1600A·30 1600A·35 1600A·45 1600A·55 1600A·70 

No. Parameter 1601A·30 1601A·35 1601A·45 1601A·55 1601A·70 Units 

Standard Alternate Min Max Min Max Min Max Min Max Min Max 

WRITE CYCLE 2 

20 TAVEL TAS Address Valid to Chip Enable LOW 
0 0 0 2 5 

(Address Setup) (Notes 7 & 8) 
ns 

21 TELEH TWP Chip Enable LOW to Chip Enable 
HIGH (Write Pulse Width) 22 25 30 35 35 ns 
(Notes 7 & 10) 

22 TEHAX TAH Chip Enable HIGH to Address Don't 
Care (Address Hold after End of Write) 0 0 0 2 5 ns 
(Notes 7 & 12) 

23 TAVEH TAW Address Valid to Chip Enable HIGH 
(Address Setup to End of Write) 22 25 30 35 35 ns 
(Note 7) 

24 TELWH TWP Chip Enable LOW to Write HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
ns 

25 TDVEH TDS Data Valid to Chip Enable HIGH 
(Data Setup to End of Write) 10 12 12 15 15 ns 

(Notes 7 & 12) 

26 TEHDX TDH Chip Enable HIGH to Data Don't 
0 0 0 2 5 

---- - ----- Care (Data Hold) (Notes 7 & 12) 
---- - - - ns 

Timing Waveforms (Continued) 

Write Cycle 2 

TAVAX(10) 

A (ADDRESS) X X X X X ~I- ADDRESS VALID -:ltXXXXXXXX xxx x 
TELEH(21) 

E (CHIP ENABLE) ~ Jr.II; fill IILII ILLI 
TAVEL(20)- ~ - f-TEHAX(22) 

TAVEH(23) 

Vi (WRITE ENABLE) \\\\\ 
TELWH(24) 

TIILIIIL/ILLLI 
_ t= TDVEH(25)--= 

J-TEHDX(26) 

D (DATA IN) XXXXXX~ XXXXXXXXXXXXXXX* DATA VALID ~f X X X X X X X X X X X X X X 
I 

a (DATA OUT) HIGH- Z \" -f TELlCC{B) -TEHISB(9)==L 
Icc (SUPPLY CURRENT) ~------------

TL/D/9677-10 

This write cycle is E controlled, where W is active (LOW) prior to, or coincident with, E becoming active (LOW). In this write cycle the data out remains in the high 
impedance state (TRI-STATE) at the beginning of the write cycle, precluding potential data contention in common 1/0 applications. 
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DC Electrical Characteristics Te = -55°C to + 125°C, Vee = 5.0V ± 10%, Vss = OV 

1600A-30 1600A-35 1600A-45 1600A-55 1600A-70 
Symbol Parameter Conditions 1601A-30 1601A-35 1601A-45 1601A-55 1601A-70 Units 

Min Max Min Max Min Max Min Max Min Max 

III Input Leakage Vss :s: VIN :s: Vee 
Current ±2 ±2 ±2 ±2 ±2 IJ-A 
(except DO) 

ILO Output Leakage E = VIH or W = VIL ±10 ±10 ±10 ±10 ±10 IJ-A Current (DO) Vss :s: VOUT :s: Vee 

Icc Dynamic Operating Min Read Cycle Time 
Supply Current Duty Cycle = 100% 105 90 80 80 80 mA 

Output Open 

IS81 Standby Supply E = VIH, (Note 1) 
25 25 25 25 25 mA 

Current 

1582 Full Standby 
1600A (Note 2) 15 15 15 15 15 

Supply 
Current mA 

1601A (Note 2) 5 5 5 5 5 

VOL Output LOW IOL = 8.0mA 
0.4 0.4 0.4 0.4 0.4 V 

Voltage 

VOH Output HIGH IOH = -4.0mA 
2.4 2.4 2.4 2.4 2.4 V 

Voltage 

VOH Output HIGH IOH = -0.05 mA 
Vee- O.4 Vee-O.4 Vee- O.4 Vee- O.4 Vee-O.4 V 

Voltage 

Data Retention Characteristics Te = -55°Cto +125°C, Vee = 2.0Vto5.5V 

No. Symbol Parameter Conditions Min Max Units 

27 VOR Vee Voltage for Data Vee -0.2V:S: E:S: +5.5V 
Retention Vee -0.2V :s: VIN :s: +5.5Vor 2.0 5.5 V 

Vss -0.2V :s: VIN :s: Vss +0.2V 

28 leeOR Data Retention Current VOR = 2.0V Te = -55°C to +25°C 5 IJ-A 

T e = - 55°C to + 125°C 200 IJ-A 
(Note 14) VOR = 3.0V Te = -55°C to + 25°C 8 IJ-A 

Te = -55°C to + 125°C 400 IJ-A 

29 TCDR Chip Disable to Data 
0 

Retention Time (Note 4) 
ns 

30 TR Recovery Time (Notes 4 & 13) TAVAX ns 

Data Retention Waveform 

DATA RETENTION MODE 

Vee 
~.5V 

VDR~2.0V 
4.5; 

-TCDR- ~-TR~- - - - - - - - - VDR 

(29) (30) 

E (CHIP ENABLE) 1{2.2V 
+S.5V ~ E ~VDR - 0.2V 

/ 2.2~1\ 
-

TL/D/9677 -15 
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Note 1: Standby supply current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid VIL or VIH levels. 

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Vee -0.2V ~ E ~ Vee +0.2V, and all other inputs, 
(including the data inputs at steady state and satisfying one of two conditions: Either, Vee -0.2V ~ VIN ~ Vee +0.2Vor VSS -0.2V ~ VIN ~ VSS +0.2V. This 
condition results in a significant reduction in current in the input buffers and consequently a lower overall current level. 

Note 3: Operation to specifications guaranteed 2.0 ms after Vee reaches minimum operating voltage. 

Note 4: This parameter is sampled, not 100% tested. 

Note 5: Address Access Time (Read Cycle 1) assumes that E occurs before, or within S ns after addresses are valid. Timing considerations are referenced to the 
edges of Address Valid. 

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least S ns prior to E transitioning LOW (active) and remain valid at least TELaV 
after E transitions LOW. Timing considerations are then referenced to the LOW (active) transitioning edge of E. 
Note 7: A write condition exists only during intervals where both Wand E are LOW (active). The internal Write starts when the second of these signals becomes 
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive). 

Note 8: Address setup to beginning of write is measured from the time when the last address input becomes valid to the time when the second of the two signals (E 
or W) becomes LOW (active). The timing of the first signal (W or E) to transition LOW (active) is a Don't Care. 

Note 9: Transition to the high-impedance state is measured at a ± SOO mV change from a valid VOH of VOL steady state voltage with the loading specified in Figure 
2. 

Note 10: Write pulse width is measured from the time when the last of the two signals E and W becomes LOW (active) to the time of the first of E or W to transition 
HIGH (inactive). 

Note 11: For rise or fall times greater than 3 ns, the timing relationships can no longer be specified to the time when inputs cross the I.SV level. This is a 
characteristic of any CMOS device operated outside specified switching levels or transition times. 

Note 12: Timing specifications of Data Setup to End of Write, Data Hold After End of Write, and Address Hold After End of Write are all referenced to the time when 
the first of E or W transitions HIGH (inactive). The timing of the second signal (W or E) to transition HIGH (inactive) is a Don't Care. 

Note 13: TAVAX = Read Cycle Timing. 

Note 14: leeDR is tested with VIN = OV and VIN = VDR. 

Connection Diagrams 
22-Pin DIP 

AD 22 Vee 
AI AIS 

A2 AU 

A3 A13 

A4 A12 

AS All 

A6 AID 

A7 A9 

Q AS 

Vi 

Vss 

TL/D/9677-1 

Top View 

See NS Package Number D22D* 

Logic Symbol 

AD 13 
AI 
A2 
A3 
A4 AO-A15 
AS 
A6 

E 
A7 IN 
AS 
A9 D 

Al0 
All Q 

A12 
A13 Vee 
A14 
AIS 

Vss 

Vi 
E 

Q TL/D/9677 -3 

Pin Names 

Address Inputs 

Chip Enable 

Write Enable 

Data Input 

Data Output 

Power (5.0V) 

Ground (OV) 

6·95 

22-Pin LCC 
_ 0 

8~ 
-< -< > -< 

A2 A14 

A3 A13 

A4 A12 

AS 
1600A/ 

All ISOlA 
A6 Al0 

A7 A9 

Q 14 AS 

VI 
I~ >VI' .... 

TL/D/9677-2 

Top View 

See NS Package Number E22A * 

Order Number 
1600ADMQB30, 1601 ADMQB30 
1600ADMQB35,1601ADMQB35 
1600ADMQB45,1601ADMQB45 
1600ADMQB55,1601ADMQB55 
1600ADMQB70, 1601ADMQB70 
1600ALMQB30, 1601ALMQB30 
1600ALMQB35, 1601ALMQB35 
1600ALMQB45, 1601ALMQB45 
1600ALMQB55, 1601ALMQB55 

1600ALMQB70 or 1601ALMQB70 

-For most current package information, contact 
product marketing. • 
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AC Test Conditions (Notes 3 & 11) 

Input Pulse Levels OV to 3.0V 
Input Rise and Fall Times 3 ns 

Input and Output Reference Levels 1.5V 

Output Load (See Figures 1 and 2) 

Capacitance (Note 4) 

Symbol Parameter 

Input CapaCitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation. 

C = aQ where a V = 3V aV 

+5V 

: '(Bon 

DOUT-.... - .. 

30 pF'.::: r: : ~ 255n 

~ 

-== 

Max Units 

6 pF 

7 pF 

TL/D/9677-5 

FIGURE 1. Output load 

STANDARD TIMING PARAMETER ABBREVIATIONS 

TXXXX 

.Ignol nom. , ..... whl,h In •• ..,.II. d •• n'd~ III 
transition direction for first signal 

signal nome to which Interval Is defined 
transition direction for second signal 

TL/D/9677 -11 

The transition definitions used In this data sheet aru: 
H = transition to high state. 
L = transition to low state. 
V = transition to valid state. 
X = transition to invalid or don't care condition. 
Z = transition to off (high impedance) condition. 

Truth Table 
Mode E W D Q Power level 

Standby H X X HIGHZ Standby 

Read L H X 0 Active 

Write L L 0 HIGHZ Active 

HIGH Z - High Impedance 

D = Valid data bit 

X .. Don't care 

+5V . 
• 0480n 

DOUT--+-..... 
5 pF'.::: r: : 255n 

TL/D/9677-6 

'Including scope and jig. 

FIGURE 2. Output load (for 
TEHQZ, TElQX, TWlQZ, TWHQX) 

TIMING VALUES 

The AC Operating Conditions and Characteristics tables 
typically show either a minimum or maximum limit for each 
device parameter. Those timing parameters which state a 
minimum value do so because the system must supply at 
least that much time, even though most devices don't re
quire that full amount. Thus, Input requirements are speci
fied from the external point of view. In contrast, responses 
from the memory (like access times) are specified as a max
Imum time because the device will never provide the data 
later than this stated value, and will usually provide it much 
sooner than this. 

XXXXXXXXXXXX \SSSSSSSSS\ IIZZ2ZZ7IZI 
TL/D/9677 -12 TL/D/9677 -13 TL/D/9677 -14 

INVALID or Don't Care. Transition from HIGH to LOW level, may occur Transition from LOW to HIGH level, may occur 
any time during this period. any time during this period. 
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~National 
~ Semiconductor 
NM1620/NM1621 
16,384 x 4-Bit Static RAM 

General Description 
The NM1620/NM1621 is a 65,536-bit fully-static, asynchro
nous, random access memory organized as 16,384 words 
by 4 bits per word. The NM1620/NM1621 is based on an 
advanced, isoplanar, oxide-isolation CMOS process. The 
process utilizes fully-implanted CMOS technology with sub-
2 micron design rules and tantalum silicide gate electrodes 
for high performance. The combination of this high-perform
ance technology, and speed-optimized circuitry results in a 
very high-speed memory device. The NM1621 is identical to 
the NM1620 with the additional feature of power down for 
low power battery backup applications. 

Functional Block Diagram 

Features 
• Fast address access times: 25 ns/30 ns/35 ns (maxi

mum) 
• Enable read access faster than address access 
• Minimum write cycle time, including moderate system 

timing skews, equal to minimum read cycle time 
• No internal clocks-high speed achieved without ad-

dress transition detection circuitry 
• All inputs and outputs directly TTL compatible 
• Common I/O (TRI-STATE® output) 
• Available in 22-Pin DIP, PDIP or LCC 
• Low power dissipation (data retention F1621). 

ICCOR = 35 /LA maximum (VOR = 2.0V) 
ICCOR = 50 /LA maximum (VOR = 3.0V) 

• Data retention supply voltage NM1621: 
2.0V to 5.5V 

I.4SB----------+_ LSB 

w-.... -a 
E----4~-a 

DOD DATA 
DOl INPUT 
002 --HI-+--1 CONTROL 
003 --HI-++-I 

WRITE 
ENABLE 

OUTPUT 
ENABLE 

All AID A9 A4 A3 A2 Al2 Al 

en en 
c::: c::: 
L..I ~ 

~ 
~ 

~ 
>- >-c::: ~ 

c::: < c::: c c c::: 
c::: L..I c::: c::: L..I c::: 
< z < < z < .... ::; .... .... ::; .... 
U) 

c 
U) :e c :e 

c::: c::: 
0 0 
~ ~ 

COLUt.lN DECODERS 

AD Al3 AS A7 AS AS 

I.4SB-----------+ LSB 
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TL/D/9678-4 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Voltage on Any Input or Output Pin 

with Respect to VSS 

Storage Temperature 

Operating Temperature 

Power Dissipation 

Continuous Output Current Per Output 

Average Input or Output Current 

-2.0V to Vee +2V 
- 65·C to + 150·C 

O·Cto +70·C 

1.0W 

25mA 

25mA 
(Averaged over any 1 p.s time interval.) 

Recommended Operating 
Conditions T A = o·C to + 70·C 

Input HIGH Voltage (VIH) 
Input LOW Voltage (VIU 

Min 
2.2 
-p 

All Voltages are referenced to Vss pin = OV. 

Max 
Vee +0.5 

0.8 

·The device will withstand undershoots to - 3.0V of 20 ns duration. 

Units 
V 
V 

6-98 

Note: Stresses greater than those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. 

This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high-impedance circuit. 



AC Electrical Characteristics T A = o·e to + 70·C, vcc = VCCMAX to VCCMIN 

Symbol 
NM 1620-25/255 NM1620-30 NM1620-35 

No. Parameter NM1621-25/255 NM1621-30 NM1621-35 Units 

Standard Alternate Min Max Min Max Min Max 

READ CYCLES 

1 TAVAX TRC Address Valid to Address Invalid 
25 30 35 

(Read Cycle Time) 
ns 

2 TAVOV TAA Address Valid to Output Valid 
25 30 35 

(Address Access Time) (Note 5) 
ns 

3 TAXOX TOH Address Invalid to Output Invalid 
5 5 5 

(Output Hold Time) 
ns 

4 TELEH TRC Chip Enable LOW to Chip 
27 30 

Enable HIGH (Note 6) 
22 ns 

5 TELOV TACS Chip Enable LOW to Output Valid 
22 27 30 

(Chip Enable Access Time) (Note 6) 
ns 

6 TELOX TLZ Chip Enable LOW to Output Low Z 
(Chip Enable to Output Active) 5 5 5 ns 
(Note 4) 

7 TEHOZ THZ Chip Enable HIGH to Output High Z 
(Chip Disable to Output Disable) 0 10 0 12 0 15 ns 
(Note 9) 

8 TELICC TPU ~I!ip En~ble LOW to Operating 
-0 0 0-- -- ~-----

~-- ---- .. ----- .. ns-
Supply Current (Note 4) 

9 TEHISB TPD Chip Enable HIGH to 
25 27 30 

Standby Current (Note 4) 
ns 

Read Cycle 1 

I TAVAX(l) I 
A (ADDRESS) X X X X X"- ADDRESS VALID "-XXXXXXXXXXXX 

I TAVOV(2) 5 TAXOX(3) 

o (DATA OUT) PREVIOUS 
xxxxxxxxxxxxxxxxxxxxxxx~ DATA VALID "il-XXXXXX DATA 

I I 
TlID/9678-7 

Access is under address control where E is active prior to or within 5 ns of address change. W = HIGH. 

Read Cycle 2 

TELEH(4) 

E (CH IP ENABLE) 

TELOV(S) -==l I--TEHOZ(7)i 

o (DATA OUT) XXXXXXXXXXXXXXXXXXXXX~ DATA VALID HIGH-Z-

TELQX(6) r--:--J. I 

I--TEHISB(9)~ Icc - f TELICC(S) 
Icc (SUPPLY CURRENT) -----------

Iss 

TL/D/9678-8 

Access is under E control where address is valid a minimum of 5 ns prior to E becoming active. W = HIGH. Address remains valid at least TElaV after E 
transitions lOW. 

• I 
6-99 
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AC Electrical Characteristics T A = O·C to + 70·C, vcc = VCCMAX to VCCMIN (Continued) 

Symbol 
NM1620-25/255 NM1620-30 NM1620-35 

No. Parameter NM1621-25/255 NM1621-30 NM1621-35 Units 

Standard Alternate Min Max Min Max Min Max 

WRITE CYCLE 1 

10 TAVAX TWC Address Valid to Address Invalid 
25 30 35 

(Write Cycle Time) 
ns 

11 TWLEH TWP Write LOW to Chip Enable HIGH 
19 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

12 TAVWH TAW Address Valid to Write HIGH 
(Address Setup to End of Write) 19 22 25 ns 
(Note 7) 

13 TWHAX TAH Write HIGH to Address Don't Care 
(Address Hold after End of Write) 0 0 0 ns 
(Notes 7 & 12) 

14 TWLWH TWP Write LOW to Write HIGH 
19 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

15 TAVWL TAS Address Valid to Write LOW 
(Address Setup to Beginning of Write) 0 0 0 ns 
(Notes 7 &8) 

16 TDVWH TDS Data Valid to Write HIGH 
(Data Setup to End of Write) 10 10 12 ns 
(Notes 7 & 12) 

17 TWHDX TDH Write HIGH to Data Don't Care 
(Data Hold after End of Write) 0 0 0 ns 
(Notes 7 & 12) 

18 TWLOZ TWZ Write LOW to Output High Z 
(Write Enable to Output Disable) 0 9 0 12 0 12 ns 
(Note 9) 

19 TWHOX TOW Write HIGH to Output Don't Care 
(Output Active after End of Write) 5 5 5 ns 
(Note 4) 

Write Cycle 1 

TAVAX(10) 

A (ADDRESS) X X X X X ADDRESS VALID xxxxxxxxxxxx 

TWLEH(II) 

E (CHIP ENABLE) \ \ \ \ \ \ i\\. ~/IJ rill IIIIII II/ ... !-TWHAX(13) 
TAVWH(23) 

iN (WRITE ENABLE) 
I+-TWLWH(14) 

~r.111 1// / / / / / / / / / 
TAVWL(IS) - -TWHDX(17) C TDVWH(16)-

D (DATA IN) X x x x x x x x x x x XXXXXXXXXX .... DATA VALID 'XXXXXXXXXXXXXX 

I--TWLQZ(18)~ - --TWHQX(19) 

Q (DATA OUT) ~R~iM XXX xxxx xx DATA XXxxxxxXXXXXfl-HIGH-Z-

TL/D/9678-9 

W controlled, where E is active (LOW) prior to W becoming active (LOW). In this write cycle the data bus DO may become active (0), requiring observance of 
TWLOZ to avoid data bus contention. At the end of the write cycle the data bus may become active (0) if W becomes inactive (HIGH) prior to E becoming inactive 
(HIGH). 

6-100 



AC Electrical Characteristics T A = O·C to + 70·C, vcc = VCCMAX to VCCMIN (Continued) 

Symbol 
NM 1620-25/255 NM1620-30 NM1620-35 

No. Parameter NM1621-25/255 NM1621-30 NM1621-35 Units 

Standard Alternate Min Max Min Max Min Max 

WRITE CYCLE 2 

20 TAVEL TAS Address Valid to Chip Enable LOW 
0 0 0 

(Address Setup) (Notes 7 & 8) 
ns 

21 TELEH TWP Chip Enable LOW to Chip Enable 
HIGH (Write Pulse Width) 19 22 25 ns 
(Notes 7 & 10) 

22 TEHAX TAH Chip Enable HIGH to Address Don't 
Care (Address Hold after End of Write) 0 0 0 ns 
(Notes 7 & 12) 

23 TAVEH TAW Address Valid to Chip Enable HIGH 
(Address Setup to End of Write) 19 22 25 ns 
(Note 7) 

24 TELWH TWP Chip Enable LOW to Write HIGH 
19 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

25 TDVEH TDS Data Valid to Chip Enable HIGH 
(Data Setup to End of Write) 10 10 12 ns 
(Notes 7 & 12) 

26 TEHDX TDH Chip Enable HIGH to Data Don't 
0 0 0 ns 

- -- - ------- - Care (Data Hold) (Notes 7 & 12) - --- - -- -- --- ---

Write Cycle 2 

TAVAX(10) 

A (ADDRESS) ""J..M: ADDRESS VALID xx xxxx 

TELEH(21) 

E (CHIP ENABLE) fill IIIIIIIIIIII 
TAVEL(20)- I- - -TEHAX(22) 

TAVEH(23) 

W (WRITE ENABLE) \\\\\ 
TELWH(24) 

.~IIIIIIIIIIIII 

r-TDVEH(25)-= . t TEHDX(26) 

o (DATA IN) X x x x x x XXXXXXXXXXXXXXXt DATA VALID txxxxxxxxxxxxxx 
I I 

Q (DATA OUT) HIGH-Z 
Icc - f TELICC(S) _TEHISB(9)~ 

ICC (SUPPLY CURRENT) ;-----------

TL/D/9678-10 

This write cycle is E controlled, where IN is active (LOW) prior to, or coincident with, E becoming active (LOW). In this write cycle the data out remains in the high 
Impedance state (3 state) at the beginning of the write cycle, precluding potential data bus contention. 

6-101 

z 
3: ..... 
Q) 
N 
<:) 
....... 
z 
3: ..... 
Q) 
N ..... 

• I 



..... 
N 
CD ..... 
:!E 
z ....... 
o 
N 
CD ..... 
:!E 
z 

DC Electrical Characteristics T A = O'C to + 70'C, vss = OV 

NM 1620-25/255 NM1620-30 NM1620-35 
Symbol Parameter Conditions NM1621-25/255 NM1621-30 NM1621-35 Units 

Min Max Min Max Min Max 

III Input Leakage Vss ::;; VIN ::;; Vee 
±2 ±2 ±2 IJ-A 

Current (Except DO) 

ILO Output Leakage E = VIH or W = VIL 
±10 ±10 ±10 IJ-A 

Current (DO) Vss ::;; VOUT ::;; Vee 

lee Dynamic Operating Min Read Cycle Time 
Supply Current Duty Cycle = 100% 120 100 90 mA 

Output Open 

IS81 Standby Supply E = VIH, (Note 1) 
25 25 25 mA 

Current 

IS82 Full Standby INM1620 (Note 2) 15 15 15 
mA 

Supply Current I NM1621 5 5 5 

VOL Output LOW Voltage IOL = 8.0 mA 
0.4 0.4 0.4 V 

All Outputs Under Load 

VOH1 Output HIGH Voltage IOH1 = -4.0 mA 
2.4 2.4 2.4 V 

All Outputs Under Load 

VOH2 Output HIGH Voltage IOH2 = -0.05 mA Vee -0.4 Vee -0.4 Vee -0.4 V 

Vee Supply Voltage Except Data ·25 
Retention Mode 4.50 5.5 

4.5 5.5 4.5 5.5 V 
·255 

4.75 5.5 

Data Retention Characteristics (NM1625 only) T e = o·c to + 70'C, Vee = 2.OV to 5.5V 

No. Symbol Parameter Conditions Min Max Units 

31 VOR Vee Voltage for Data Vee -0.2V::;; E::;; +5.5V 
Retention (Note 15) Vee -0.2V ::;; VIN ::;; + 5.5V or 2.0 5.5 V 

Vss -0.2V ::;; VIN ::;; Vss + 0.2V 

32 leeoR Data Retention Current VOR = 2.OV I T A = O'C to + 70'C 35 
IJ-A 

(Note 14) VOR = 3.0V I TA = O'Cto +70'C 50 

33 TCDR Chip Disable to Data 
0 

Retention Time (Note 4) 
ns 

30 TR Recovery Time 
TAVAX 

(Notes 4 & 13) 
ns 

Data Retention Waveform 
DATA RETENTION MODE 

Vee 
.... ~eeMIN 

VOR~2.0V 
VccMjf-

i TCDR
-

- ---------------V~ 

V1H 

r-TR~ (33) (34) 

E (CHIP ENABLE) ?ZZZl' , S.SV ~ E ~ VOR -O.2V I \\\\1 
V1L 

TL/D/967B-15 
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Note 1: Standby supply current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid VIL or VIH levels. 

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Vee -0.2V s: E s: Vee + 0.2V, and all other inputs, 
(including the data inputs) at steady state and satisfying one of two conditions: Either, Vee -0.2V s: VIN s: Vee +0.2Vor VSS -0.2V s: VIN s: VSS +0.2V. This 
condition results in a significant reduction in current in the input buffers and consequently a lower overall current level. 

Note 3: Operation to specifications guaranteed 2.0 ms after Vee reaches minimum operating voltage. 

Note 4: This parameter is sampled, not 100% tested. 

Note 5: Address Access Time (Read Cycle 1) assumes that E occurs before, or within 5 ns after addresses are valid. Timing considerations are referenced to the 
edges of Address Valid. 

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least 5 ns prior to E transitioning LOW (active). Timing considerations are then 
referenced to the LOW (active) transitioning edge of E. 
Note 7: A write condition exists only during intervals where both Wand E are LOW (active). The internal Write starts when the second of these signals becomes 
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive). 

Note 8: Address setup to beginning of write is measured from the time when the last address input becomes valid to the time when the second of the two signals (E: 
or W) becomes LOW (active). The timing of the first signal (W or E) to transition LOW (active) is a Don't Care. 

Note 9: Transition to the high-impedance state is measured at a ± 500 mV change from a valid VOH of VOL steady state voltage with the loading specified in Figure 
2. This parameter is sampled, not 100% tested. 

Note 10: Write pulse width is measured from the time when the last of the two Signals E and W becomes LOW (active) to the time of the first of E or W to transition 
HIGH (inactive). 

Note 11: For rise or fall times greater than 3 ns, the timing relationships can no longer be specified to the time when inputs cross the 1.5V level. This is a 
characteristic of any CMOS device operated outside specified switching levels or transition times. 

Note 12: Timing specifications of Data Setup to End of Write, Data Hold After End of Write, and Address Hold After End of Write are all referenced to the time when 
the first of E or W transitions HIGH (inactive). The timing of the second signal (W or E) to transition HIGH (inactive) is a Don't Care. 

Note 13: TAVAX = Read Cycle Timing. 

Note 14: leCOR is tested with VIN = OV and VIN = VOR. 

Note 15: VIN applies to all inputs other than E and DOO-D03. Input conditions for DOO-D03 are VSS -0.2V s: DO s: Vss +0.2V or Vee -0.2V s: DO s: 
Vee +0.2V. 

Connection Diagrams 

22-Pin DIP (J) and POIP (N) 

AO Vee 
Al A13 

A2 A12 

A3 All 

A4 
Nt.l1620/ 

Al0 

A5 Nt.l1621 A9 

A6 D03 

A7 D02 

A8 DOl 

10 DOO 

Vss 11 Vi 

TL/O/967B-l 

Top View 

Order Number NM1620J25, 
NM1620J255, NM1620J30, NM1620J35, 
NM1620N25, NM1620N255, NM1620N30, 
NM1620N35, NM1621J25, NM1621J255, 
NM1621J30, NM1621J35, NM1621N25, 

NM1621N255, NM1621N30 or NM1621N35 
See NS Package Number 0220* or N22B* 

22-Pin LCC (E)--

A2 3 A12 

A3 4 19 All 

A4 5 
NM1620/ 

18 Al0 

A5 Nt.l1621 17 A9 

A6 7 16 D03 

A7 8 15 D02 

A8 9 14 DOl 

TL/D/967B-2 

Top View 

Order Number 
NM1620E25, NM1620E255, NM1620E30, 
NM1620E35, NM1621E25, NM1621E255, 

NM1621E30 or NM1621E35 
See NS Package Number E22A * 

·Call factory for current package outlines and dimensions. 
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Logic Symbol 

AO 
A1 
A2 14 DQO 
A3 
A4 
A5 15 DQ1 
A6 Nt.t1620/ 

A7 Nt.t1621 

AS 16 DQ2 
A9 

A10 
A11 17 DQ3 
A12 
A13 

Vi 
TL/D/967B-3 

AC Test Conditions (Notes 3 & 11) 

Input Pulse Levels 

Input Rise and Fall Times 

OVto3.0V 

3 ns 

Input and Output Timing Reference Levels 1.5V 

Output Load (See Figures 1 and 2) 

Capacitance (Note 4) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation. 

C = AQ where A V = 3V 
AV 

+5V 

DOUT - ... - ..... 

30 prt 

Max Units 

6 pF 

7 pF 

Ao-A13 

E 

W 

DOO-D03 

Vee 

Vss 

Truth Table 
Mode E 

Standby H 

Read L 

Write L 

HIGH Z = High Impedance 

D = Valid data in 

X = Don't care 

Q = Valid data out 

Pin Names 

Address Inputs 

Chip Enable Bar 

Write Enable Bar 

Data Inputs/Outputs 

Power ( + 5.0V) 

Ground (OV) 

W OQx Power Level 

X HIGHZ Standby 

H 0 Active 

L D Active 

+5V 

DOUT - ... - .... 

5prt 

-including scope and jig. 

TLlD/967B-5 

FIGURE 1. Output Load 
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TL/D/9678-6 

FIGURE 2. Output Load (for 
TEHQZ, TELQX, TWLQZ, TWHQX) 



STANDARD TIMING PARAMETER ABBREVIATIONS 

TXXXX 

.".0' .om. f",m whl'h "'''''0' I. d'fl",d~ III 
transition direction for first signal 

signal name to which Interval Is defined 
transition direction for second signal 

TLlD/967B-ll 

The transition definitions used in this data sheet are: 
H = transition to high state. 
L = transition to low state. 
V = transition to valid state. 
X = transition to invalid or don't care condition. 
Z = transition to off (high impedance) condition. 

TIMING VALUES 

The AC Operating Conditions and Characteristics tables 
typically show either a minimum or maximum limit for each 
device parameter. Those timing parameters which state a 
minimum value do so because the system must supply at 
least that much time, even though most devices don't re
quire that full amount. Thus, input requirements are speci
fied from the external point of view. In contrast, responses 
from the memory (like access times) are specified as a max
imum time because the device will never provide the data 
later than this stated value, and will usually provide it much 
sooner than this. 

xxxxxxxxxxxx \SSSSSS\S\\ 12//%////1/ 
TL/D/967B-12 TL/D/967B-13 TL/D/967B-14 

INVALID or Don't Care. Transition from HIGH to LOW level, may occur Transition from LOW to HIGH level, may occur 
any time during this period. any time during this period. 
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.- r-----------------------------------------------------------------------------~ 
N 

~ ~National 
~ D Semiconductor .-

1620/1621 
16,384 x 4-Bit Static RAM 
Military Temperature Range 

General Description 
The 1620 is a 65,536-bit fully-static, asynchronous, random 
access memory organized as 16,384 words by 4-bits per 
word. The 1620 is based on an advanced, isoplaner, oxide
isolation CMOS process. The process utilizes fully-implant
ed CMOS technology with sub-2 micron design rules and 
tantalum silicide gate electrodes for high performance. The 
combination of this high-performance technology, and 
speed-optimized circuitry results in a very high-speed mem
ory device. 

The 1621 is identical to the 1620 with the additional feature 
of power-down for low power battery back-up applications. 
Both parts are processed in full compliance with MIL-STD-
883. 

Features 
• Fast address access times: 30 ns/35 ns/45 ns/55 nsf 

70 ns (maximum) 

Functional Block Diagram 

• Enable read access faster than address access 
• Minimum write cycle time, including moderate system 

timing skews, equal to minimum read cycle time 
• Specifications guaranteed over full military temperature 

range (-55°C to + 125°C) 
• No internal clocks-high speed achieved without ad-

dress transition detection circuitry 
• All inputs and outputs directly TTL compatible 
• Common I/O (TRI-STATE!!!» output 
• Available in 22-pin DIP or LCC 
• Single + 5V operation (± 10%) 
• Low power dissipation (data retention 1621): 

ICCOR = 5 p,A max (VOR = 2.0V), ICCOR = 8 p,A max 
(VOR = 3.0V) @ 25°C 

• Data retention supply voltage 1621 2.0V to 5.5V 
• Polyamide die coat for alpha immunity 

t.4SB ~ LSB 
All Al0 A9 A4 A3 A2 A12 Al 

VI VI 
~ ei ..... 

~ 
~ 

~ ~ 
~ 

~ ~ ~ Q 

~ ..... ~ ~ ..... ~ 

'"' :z ~ '"' .:¥ ::i -"" -"" -"" 
~ 0 

co co 
0 

co 
~ ~ 

~ 0 
~ 

000 
001 
002 
003 

Vi WRITE 
E ENABLE 

AD A13 AS A7 A6 AS 

OUTPUT t.4SB ~ LSB 

ENABLE 

TL/D/9680-4 
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~------------------------------------------------------------------------------------------, ~ 

Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Voltage on Any Input or Output Pin 

with Respect to VSS 
Storage Temperature 

Operating Temperature 

Power Dissipation 

Continuous Output Current Per Output 

Average Input or Outut Current 

(Averaged Over Any 1 ,..,s Time Interval) 

Thermal Resistance (Junction to Case) 
9JC Side· Braze DIP 
9JCLCC 

-2VtoVee + 2V 
- 65°C to + 150°C 

- 55°C to + 125°C 

1.0W 

±25mA 

±25mA 

15°C/W 
20°C/W 

Note: Stresses greater than those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of the specification is 
not implied. Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. 
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Recommended Operating 
Conditions Te = -55°C to + 125°C 

Min Typ Max 
Supply Voltage (Vee> 4.5 5.0 5.5 
Input HIGH Voltage (VIH) 2.2 Vee + 0.5 
Input LOW Voltage (VIU -1- 0.8 

All voltages are referenced to VSS pin = OV. 

Units 
V 
V 
V 

·The device will meet -1 V or - 50 rnA whichever occurs first without latch· 
ing up. The device will also withstand undershoots of - 3.0V of 20 ns dura· 
tion. 

This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high-impedance circuit. 

en 
N 
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~ 
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AC Electrical Characteristics Te = 55·Cto + 125·C, Vee = 5.0V ±10% 

Symbol 
1620-30 1620-35 1620-45 1620-55 1620-70 

No. Parameter 1621-30 1621-35 1621-45 1621-55 1621-70 Units 

Standard Alternate Min Max Min Max Min Max Min Max Min Max 

READ CYCLE 

1 TAVAX TRC Address Valid to Address Invalid 
30 35 45 55 70 

(Read Cycle Time) (Note 7) 
ns 

2 TAVQV TAA Address Valid to Output Valid 
30 35 45 55 70 

(Address Access Time) (Note 5) 
ns 

3 TAXQX TOH Address Invalid to Output Invalid 
5 5 5 5 5 

(Output Hold Time) 
ns 

4 TELEH TRC Chip Enable LOW to Chip 
27 30 40 50 50 

Enable High (Note 6) 
ns 

5 TELQV TACS Chip Enable LOW to Output Valid 
27 30 40 50 50 

(Chip Enable Access Time) (Note 6) 
ns 

6 TELQX TLZ (Chip Enable LOW to Output Low Z 
5 5 5 5 5 

(Chip Enable to Output Active) (Note 4) 
ns 

7 TEHQZ THZ Chip Enable HIGH to Output High Z 
(Chip Disable to Output Disable) 0 12 0 15 0 15 0 20 0 20 ns 
(Notes 4 & 9) 

8 TELICC TPU Chip Enable LOW to Operating 
0 0 0 0 0 

Supply Current (Note 4) 
ns 

9 TEHISB TPD Chip Enable HIGH to Standby 
27 30 40 50 50 

Current (Note 4) 
ns 

Timing Waveforms 

Read Cycle 1 

I TAVAX(l) I 
A (ADDRESS) xxxxx~ ADDRESS VALID ..- x 

I TAVOV(2) ~TAXOX(3) 
I 

o (DATA OUT) PREVIOUS XXXXXXXXXXXXXXXXXXXXXXX"- DATA VALID -to Jl Jl Jl Jl Jl Jl X X DATA 
I I 

TL/D/9680-7 

Access is under address control where E is active prior to or within 5 ns after address change. W = VIH 

Read Cycle 2 

rELEH(4) 

E (CHIP ENABLE) 

rELOV(S) -==:1 -TEHOZ(7)i 

o (DATA OUT) xxXXXXXXXXXXXXXXXXXXX"- DATA VALID HIGH-Z-

Ia: TELOX~ -:--ITELICC(8) 
I 

I--TEHISB(9)~ 
Icc (SUPPLY CURRENT) ----------f 

Iss 

TL/D/9680-8 

Access is under E control where address is valid a minimum of 5 ns prior to E becoming active. W = VIH. address remains valid at least TElaV after E transitions 
lOW. 
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AC Electrical Characteristics Te = 55·Cto + 125·C, Vee = 5.0V ±10% 

Symbol 
1620-30 1620-35 1620-45 1620-55 1620-70 

No. Parameter 1621-30 1621-35 1621-45 1621-55 1621-70 Units 

Standard Alternate Min Max Min Max Min Max Min Max Min Max 

WRITE CYCLE 1 

10 TAVAX TWC Address Valid to Address Invalid 
30 35 45 55 70 

(Write Cycle Time) 
ns 

11 TWLEH TWP Write LOW to Chip Enable HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
ns 

12 TAVWH TAW Address Valid to Write HIGH 
22 25 30 35 35 

(Address Setup to End of Write) (Note 7) 
ns 

13 TWHAX TAH Write HIGH to Address Don't Care 
(Address Hold after End of Write) a a a 2 5 ns 
(Notes 7 & 12) 

14 TWLWH TWP Write LOW to Write HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
ns 

15 TAVWL TAS Address Valid to Write LOW 
(Address Setup to Beginning of Write) a 0 a 2 5 ns 
(Notes 7 &8) 

16 TDVWH TDS Data Valid to Write HIGH 
10 12 12 15 15 

(Data Setup to End of Write) (Notes 7 & 12) 
ns 

17 TWHDX TDH Write HIGH to Data Don't Care a a - a -5--- -- -- - -- -- -- --- --- - -ns-
(Data Hold after End of Write) (Note 7 & 12) 

18 TWLQZ TWZ Write LOW to Output High Z 
(Write Enable to Output Disable) a 12 a 12 a 15 a 18 0 20 ns 
(Notes 9 & 4) 

19 TWHQX TOW Write HIGH to Output Don't Care 
5 5 5 5 5 

(Output Active after End of Write) (Note 4) 
ns 

Timing Waveforms (Continued) 

Write Cycle 1 

TAVAX(10) 

A (ADDRESS) X X X X X ADDRESS VALID xxxxxxxxxx 
lWLEN(ll) 

E (CHIP ENABLE) \ \ \ \ \ \ \\. ~I II lllllllllill 
-+ -IWHAX(13) 

TAVWH(12) - lWLWH(l04) 
W (WRITE ENABLE) '-I / / / / / / / / / / / / / / 

TAVWL(15) - -IWHDX(17) C TDVWH(16)-

o (DATA IN) X X X X X X X X X X X xxxxxxxxXXI- DATA VALID -:I 'XXXXXXXXXXXXXX 

I--TWLQZ(18)~ - ~HQX(19) 

Q (DATA OUT) PREVIOUS XXXXXXXXXXXXXX DATA XXXXXXXXXXXXXJ-HIGH-Z-

TL/D/9680-9 
W controlled, where E is active (LOW) prior to W becoming active (LOW). In this write cycle the data bus DO may become active (0), requiring observance of 
TWLOZ to avoid data bus contention. At the end of the write cycle the data bus may become active (0) if W becomes active (HIGH) prior to E becoming inactive 
(HIGH). 
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AC Electrical Characteristics Te = 55°C to + 125°C, Vee = 5.0V ±10% (Continued) 

Symbol 
1620-30 1620-35 1620-45 1620·55 1620-70 

No. Parameter 1621-30 1621-35 1621-45 1621·55 1621-70 Units 

Standard Alternate Min Max Min Max Min Max Min Max Min Max 

WRITE CYCLE 2 

20 TAVEL TAS Address Valid to Chip Enable LOW 
0 0 0 2 5 

(Address Setup) (Notes 7 & 8) 
ns 

21 TELEH TWP Chip Enable LOW to Chip Enable 
22 25 30 35 35 

HIGH (Write Pulse Width) (Notes 7 & 10) 
ns 

22 TEHAX TAH Chip Enable HIGH to Address Don't 
Care (Address Hold after End of Write) 0 0 0 2 5 ns 
(Notes 7 & 12) 

23 TAVEH TAW Address Valid to Chip Enable HIGH 
22 25 30 35 35 

(Address Setup to End of Write) (Note 7) 
ns 

24 TELWH TWP Chip Enable LOW to Write HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
ns 

25 TDVEH TDS Data Valid to Chip Enable HIGH 
10 12 12 15 15 

(Data Setup to End of Write) (Notes 7 & 12) 
ns 

26 TEHDX TDH Chip Enable HIGH to Data Don't 
0 0 0 2 5 

Care (Data Hold) (Notes 7 & 12) 
ns 

Timing Waveforms (Continued) 

Write Cycle 2 

TAVAX(10) 

A (ADDRESS) X X X X X ADDRESS VALID xxxxxxxxx -
TELEH(21) 

E (CHIP ENABLE) ~/ /1 1/// / / / / / / / / / 
TAVEL(20)-- ~ -- I--TEHAX(22) 

TAVEH(23) 

Vi (WRITE ENABLE) \\\\\ 
TELWH(24) 

T////IIIIIIIII 
C TDVEH(2S)--== . t TEHDX(26) 

o (DATA IN) X X X X X X XXXXXXXXXXXXXXX* DATA VALID *XXXXXXXXXXXXXX 
I I 

Q (DATA OUT) HIGH - Z 
Icc -- f TELlCC(S) _TEHISB(9)===--L 

Icc (SUPPLY CURRENT) ~------------

TlID/9680-10 
This write cycle is E controlled, where Vii is active (LOW) prior to. or coincident with, E becoming active (LOW). In this write cycle the data out remains in the high 
impedance state (3 state) at the beginning of the write cycle, precluding potential data bus contention. 
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DC Electrical Characteristics Te = -55°C to + 125°C, Vee = 5.0V ±10%, Vss = OV 

1620-30 1620-35 1620-45 1620-55 
Symbol Parameter Conditions 1621-30 1621-35 1621-45 1621-55 

Min Max Min Max Min Max Min Max 

III Input Leakage Current Vss ::;; VIN ::;; Vee 
±2 ±2 ±2 ±2 

(Except DO) 

IlO Output Leakage Current E = VIHorW = Vil 
±10 ±10 ±10 ±10 

(DO) Vss ::;; VOUT ::;; Vee 

Icc Dynamic Operating Min Read Cycle Tirne 
Supply Current Duty Cycle = 100% 120 100 90 110 

Output Open 

IS81 Standby Supply Current E = VIH (Note 1) 25 25 25 25 

IS82 Full Standby 11620 (Note 2) 15 15 15 15 
Supply Current 

11621 (Note 2) 5 5 5 5 

VOL Output LOW Voltage IOl = 8.0 rnA. All 
0.4 0.4 0.4 0.4 

Outputs Under Load 

VOH Output HIGH Voltage IOH = -4.0 rnA. All 
2.4 2.4 2.4 2.4 

Outputs Under Load 

VOH Output HIGH Voltage IOH = -0.05 rnA Vee Vee Vee Vee 
Other Outputs Open -0.4 -0.4 -0.4 -0.4 

f-- --
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1620-70 
1621-70 

Min Max 

±2 

±10 

80 

25 

15 

5 

0.4 

2.4 

Vee 
-0.4 

Units 

,...A 

,...A 

rnA 

rnA 

rnA 

rnA 

V 

V 

V 

...... 
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Data Retention Characteristics Te = -55°C to + 125°C, Vee = 2.0Vto5.5V 

No. Symbol 

27 VOR 

28 leeOR 

29 TCDR 

30 TR 

Parameter 

Vee Voltage for Data 
Retention 

Data Retention 
Current (Note 14) 

Chip Disable to Data 
Retention Time (Note 4) 

Recovery Time 
(Notes 4 & 13) 

Conditions 

Vee - 0.2V ~ E ~ + 5.5V 
Vee - 0.2V ~ VIN ~ + 5.5Vor 

Vss - 0.2V ~ VIN ~ Vss + 0.2V 
(Note 15) 

VOR = 2.0V Te = -55°C to +25°C 

Te = -55°C to +125°C 

VOR = 3.0V T e = - 55°C to + 25°C 

T e = - 55°C to + 125CO 

Data Retention Waveform 

i-------DATA RETENTION t.40DE-------i 

~ ~~ 

Min Max Units 

2.0 5.5 V 

5 p.A 

200 p.A 

8 p.A 

400 p.A 

0 ns 

TAVAX ns 

~ \ ~~~ / 

~
_TCDR- "------------------. ~1~~------- ---. VOR 

V
IH 

(29) 

S.SV ~ E ~ VOR -0.2V 
E (CHIP ENABLE) , , 

VIL 

TL/D/9680-1S 
Note 1: Standby current (TTL) Is measured with E HIGH (chip deselected) and inputs steady state at valid VIL or VIH levels. 

Note 2: Full standby supply current (CMOS) Is measured with the enable bar input satisfying the condition. Vee -0.2V ~ E ~ Vee +0.2V, and all other Inputs, 
(including the data inputs at steady state and satisfying one of two conditions. Either Vee -0.2V ~ VIN ~ Vee +0.2V or Vss -0.2V s; VIN ~ Vss +0.2V. This 
condition results In a significant reduction in current in the input buffers and consequently a lower overall current level. 

Note 3: Operation to specifications guaranteed 2.0 ms after Vee reaches minimum operating voltage. 

Note 4: This parameter Is sampled, not 100% tested. 

Note 5: Address Access Time (Read Cycle 1) assumes that E occurs before or within 5 ns after addresses are valid. Timing considerations are referenced to the 
edges of Address Valid. 

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least 5 ns prior to E transitioning LOW (active) and remain valid at least TELOV 
after E transitions LOW. Timing considerations are then referenced to the LOW (active) transitioning edge of E. 
Note 7: A write condition exists only during Intervals where both Wand E are LOW (active). The internal Write starts when the second of these signals becomes 
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive). 

Note 8: Address setup to beginning of write Is measured from the time when the last address input becomes valid to the time when the second of the two signals (E 
or WE) becomes LOW (active). The timing of the first signal (W or E) to transition LOW (active) is a Don't Care. 

Note 9: Transition to the high·impedance state Is measured at ±500 mV change from a valid VOH of VOL steady state voltage with the loading specified in Figure 2. 

Note 10: Write pulse width is measured from the time when the last of the two signals E and W becomes LOW (active) to the time of the first of E or W to transition 
HIGH (inactive). 

Note 11: For rise or fall times greater than 3 ns, the timing relationships can no longer be specified to the time when inputs cross the 1.5V level. This Is a 
characteristic of any CMOS device operated outside specified switching levels or transition times. 

Note 12: Timing specifications of Data Setup to End of Write, Data Hold after End of Write, and Address Hold after End of Write are all referenced to the time when 
the first of E or W transitions HIGH (inactive). The timing of the second signal (W or E) to transition (HIGH) (inactive) is a Don't Care. 

Note 13: TAVAX = Read Cycle Timing. 

Note 14: lee DR is tested with VIN = OV and VIN = VOR. 

Note 15: VIN applies to all inputs other than E and 000-003. Input conditions for 000-003 are: Vss -0.2V s; DO ~ Vss +0.2Vor Vee -0.2V ~ DO ~ Vee 
+0.2V. 
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Connection Diagrams 

22-Pln DIP 

AO Vee 
AI AI3 

A2 AI2 

A3 All 

A4 AIO 

A5 1620/ A9 1621 
A6 003 

A7 8 D02 

A8 DOl 

10 000 

Vss II Vi 

TlIO/9680-1 

Top View 

NS Package Number 0240* 

Logic Symbol 

AO 13 000 
AI 14 DOl 
A2 15 D02 
A3 16 D03 
A4 S 
AS 6 
A6 7 
A7 8 
A8 9 1620/ 
A9 17 1621 

Al0 18 
All 19 
A12 20 
A13 21 

Vi 
12 

TL/O/9680-3 

22-Pln LCC 

:c 0 ~~ 
-< > -< 

2 I 22 21 

A2 3 20 AI2 

A3 4 19 All 

A4 S AIO 

A5 6 
1620/ 

17 A9 1621 
A6 7 D03 

A7 8 D02 

AS 9 DOl 

TL/O/9680-2 

Top View 

NS Package Number E22A * 

Pin Names 

Ao-A13 Address Inputs 

E Chip Enable Bar 

W Write Enable Bar 

OQO-OQ3 Data Inputs/Outputs 

Vee 

VSS 

Power (+ 5.0V) 

Ground (OV) 

Order Number 
16200MQB30, 16210MQB30, 
16200MQB35,1621DMQB35, 
16200MQB45,1621DMQB45, 
16200MQB55,16210MQB55, 
16200MQB70, 16210MQB70, 
1620LMQB30, 1621 LMQB30, 
1620LMQB35,1621LMQB35, 
1620LMQB45, 1621 LMQB45, 
1620LMQB55,1621LMQB55, 
1620LMQB70, 1621LMQB70 

-For most current package information, contact product marketing. 

AC Test Conditions (Notes 3 & 11) Truth Table 
Input Pulse Levels OV to 3.0V 

Input Rise and Fall Times 3 ns 

Input and Output Timing 
Reference Levels 1.5V 

Output Load (See Figures 1 and 2) 

Capacitance (Note 4) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation 

e = AOwhereAV = 3V t:.v 

Max Units 

6 pF 

7 pF 
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Mode E 

Standby H 

Read L 

Write L 

HIGH Z = High impedance 
D = Valid data in 
X = Don't care 
0= Valid data out 

W OQx Power Level 

X HIGHZ Standby 

H Q Active 

L 0 Active 

0') 
I\) 
o 
........ 
~ 

0') 
I\) 
~ 
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+5V 

480n. 

DOUT-.... - ... 

30 pF·; :: : ~ 255n. 

-.....-
-:.= 

TL/D/9680-5 

FIGURE 1. Output Load 

STANDARD TIMING PARAMETERS ABBREVIATIONS 

TXXXX 

"gn.' n.m. '.-om whl,h ,nt .... ". d •• n.d~ III 
transition direction for first signal 

signal name to which Interval Is defined 
transition direction for second signal 

TL/D/9680-11 

The transition definitions used in this data sheet are: 

H = transition to high state. 

L = transition to low state. 

V = transition to valid state. 

X = transition to invalid or don't care condition. 

Z = transition to off (high impedance condition. 

+5V 

DOUT-.... - .... 

5 pF·;r:: 

480n. 

255n. 

TLID/9680-6 

FIGURE 2. Output Load (for TEHQZ, TELQX, 
TWLQZ, TWHQX) 

TIMING VALUES 

The AC Operating Conditions and Characteristics tables 
typically show either a minimum or maximum limit for each 
device parameter. Those timing parameters which state a 
minimum value do so because the system must supply at 
least that much time, even though most devices don't re
quire that full amount. Thus, input requirements are speci
fied from the external point of view. In contrast, responses 
from the memory (like access times) are specified as a max
imum time because the device will never provide the data 
later than this stated value, and will usually provide it much 
sooner than this. 

XXXXXXXXXXXX \SSSS\\S\\\ IIIIOVZO 
TL/D/9680-12 

INVALID or Don't Care. 

TLID/9680-13 

Transition from HIGH to LOW level may occur 
any time during this period. 
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TLID/9680-14 

Transition from LOW to HIGH level may occur 
any time during this period. 



~National 
D Semiconductor 
NM1624/NM1625 
16,384 x 4-Bit Static RAM 

General Description 
The NM1624INM1625 are 65,536-bit fully-static, asynchro
nous, random access memories organized as 16,384 words 
by 4-bits per word. The NM1624INM1625 are based on an 
advanced, isoplanar, oxide-isolation CMOS process. The 
process utilizes fully-implanted CMOS technology with sub-
2 micron design rules and tantalum silicide gate electrodes 
for high performance. The combination of this high-perform
ance technology, and speed-optimized circuitry results in a 
very high-speed memory device. 

The NM1625 is identical to the NM1624 with the additional 
feature of power-down for low power battery back-up appli
cations. 

- -Functional Block Diagram 

Features 
• Output enable access times: 10 ns/12 ns/15 ns 
• Fast address access times: 25 ns/30 ns/35 ns 

(maximum) 
• Enable read access faster than address access 
• Minimum write cycle time, including moderate system 

timing skews, equal to minimum read cycle time 
• No internal clocks-high speed achieved without ad- . 

dress transition detection circuitry 
• All inputs and outputs directly TIL compatible 
• Common I/O (TRI-STATE® output) 
• Available in 24-pin DIP, PDIP, or 28-pin LCC 
• Low power dissipation (data retention NM1625) 

ICCOR = 35 /LA max (VOR = 2.0V), 
ICCOR = 50 /LA max (VOR = 3.0V) 

• Data retention supply voltage NM1625: 2.0V to 5.5V 

MSB----------.... LSB 
All AIO A9 A4 A3 A2 Al2 Al 

VI VI 
0:: 0:: ..... ..... 

~ 
C!: 

~ ~ 
C!: 

~ 0:: 0:: 
Q Q 

~ ..... ~ 0:: ..... 0:: 
Z "" Z "" loG ::::i loG loG ::::i loG 

~ Q ~ ~ Q ~ 
0:: 0:: 
0 0 
~ ~ 

DOO 
DOl COLUMN I/O 
D02 
D03 COLUt.4N DECODERS 

iN WRITE 
E ENABLE 

OUTPUT MSB -------------... LSB 
G ENABLE 

TL/D/9679-5 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Voltage on Any Input or Output Pin 

with Respect to Vss - 2.0V to Vee + 2V 
Storage Temperature 

Operating Temperature 

Power Dissipation 

- 65'C to + 150'C 

Continuous Output Current per Output 

Average Input or Output Current 
(Averaged over Any 1 Ils Time Interval) 

Recommended Operating 
Conditions TA = O'Cto +70'C 

O'Cto +70'C 

1.0W 

25mA 

25mA 

Min Max Units 
Input HIGH Voltage (VIH) 2.2 Vee + 0.5 V 
Input LOW Voltage (VIU -1* 0.8 V 
All voltages are referenced to Vss pin = OV. 

·The device will withstand undershoots to -3.0V of 20 ns duration. 
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Note: Stresses greater than those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of the specification is 
not implied Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. 

This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high-impedance circuit. 



AC Electrical Characteristics T A = O°C to + 70°C, Vee = Vee MIN to Vee MAX 

Symbol 
NM 1624-25/255 NM1624-30 NM1624-35 

No. Parameter NM 1625-25/255 NM1625-30 NM1625-35 Units 

Standard Alternate Min Max Min Max Min Max 

READ CYCLES 

1 TAVAX TRC Address Valid to Address Invalid 
25 30 35 

(Read Cycle Time) ns 

2 TAVQV TAA Address Valid to Output Valid 
25 30 35 (Address Access Time) (Note 5) ns 

3 TAXQX TOH Address Invalid to Output Invalid 
5 5 5 (Output Hold Time) ns 

4 TELEH TRC Chip Enable LOW to Chip 
22 27 30 Enable HIGH (Note 6) ns 

5 TELQV TACS Chip Enable LOW to Output Valid 
22 27 30 

(Chip Enable Access Time) (Note 6) 
ns 

6 TELQX TLZ (Chip Enable LOW to Output Low Z 
5 5 5 ns (Chip Enable to Output Active) (Note 4) 

7 TEHQZ THZ Chip Enable HIGH to Output High Z 
0 10 0 12 0 15 

(Chip Disable to Output Disable) (Note 9) 
ns 

8 TELICC TPU Chip Enable LOW to Operating 
0 0 0 ns Supply Current (Note 4) 

9 TEHISB TPD Chip Enable HIGH to Standby 
25 27 30 ns 

Current (Note 4) 

10 TGLQV_ TOE_ - -- Output Enable LOW to OutputValid-- - -- --10 -

12 15 ns 
(Output Enable Access) 

11 TGLQX TOLZ Output Enable LOW to Output Invalid 
0 0 0 ns 

(Output Enable to Output Active) (Note 4) 

12 TGHQZ TOHZ Output Enable HIGH to Output High Z 
(Output Enable Off to Output High Z) 10 12 15 ns 
(Note 9) 

13 TGHQX Output Enable HIGH to Output Invalid 
0 0 0 ns 

(Output Hold Time) (Note 4) 

Timing Waveforms 
Read Cycle 1 

TAVAX(l) 

A (ADDRESS) X X X X X ADDRESS VALID XXXXXXXXXXXX 
TAVOV(2) 

I 
~TAXOX(3) 

o (DATA OUT) PREVIOUS XXXXXXXXXXXXXXXXXXXXXXX. DATA VALID A..XXXXXXXX DATA 
I I TL/D/9679-6 

Access is under address control where EO is active prior to 5 ns of address change. W = HIGH, G = LOW. 

Read Cycle 2 

TELEH(4) 

E (CHIP ENABLE) ~ ,Il 

TELOV(5) 
I--TEHOZ(7)-

o (DATA OUT) XXXXXXXXXXXXXXXXXXXXX. DATA VALID ~ HIGHZ-

TELOX(6) r-:--l. I 
t--TEHO'(9)1 \" -if TELICC(8) 

Icc (SUPPLY CURRENT) -----------

'sa 
TLID/9679-9 

Access is under EO control where address is valid a minimum of 5 ns prior to EO becoming active (LOW). W = HIGH, G = LOW. Address remains valid at least 
TELQV after E transitions LOW. 
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Timing Waveforms (Continued) 

ADDRESS ---

Read Cycle 3 

1--------- TAVAX(l} --------+j 

o (DATA OUT) ---r-------...;..--~~~2!~~~~~ 
t-------TELOV(5)-----., 

Access is under G control. iN = HIGH. 
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AC Electrical Characteristics T A = O°C to + 70°C, Vee = Vee MIN to Vee MAX (Continued) 

Symbol 
NM 1624-25/255 NM1624-30 NM1624-35 

No. Parameter NM 1625-25/255 NM1625-30 NM1625-35 Units 

Standard Alternate Min Max Min Max Min Max 

WRITE CYCLE 1 

14 TAVAX TWC Address Valid to Address Invalid 
30 35 

(Write Cycle Time) 
25 ns 

15 TWLEH TWP Write LOW to Chip Enable HIGH 
22 25 

(Write Pulse Width) (Notes 7 & 10) 
19 ns 

16 TAVWH TAW Address Valid to Write HIGH 
19 22 25 

(Address Setup to End of Write) (Note 7) 
ns 

17 TWHAX TAH Write HIGH to Address Don't Care 

(Address Hold after End of Write) 0 0 0 ns 

(Notes 7 & 12) 

18 TWLWH TWP Write LOW to Write HIGH 
19 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

19 TAVWL TAS Address Valid to Write LOW (Address Setup 
0 0 0 

to Beginning of Write) (Notes 7 & 8) 
ns 

20 TDVWH TDS Data Valid to Write HIGH (Data Setup 
10 10 12 

to End of Write) (Notes 7 & 12) 
ns 

21 TWHDX TDH Write HIGH to Data Don't Care 
0 0 0 

(Data Hold after End of Write) (Notes 7 & 12) 
ns 

22 TWLOZ TWZ Write LOW to Output High Z 
0 9 0 12 0 12 

(Write Enable to Output Disable) (Note 9) 
ns 

23 TWHOX TOW Write HIGH to Output Don't Care 
5 5 5 

(Output Active after End of Write) (Note 4) 
ns 

Timing Waveforms (Continued) 
Write Cycle 1 

TAVAX(14) 

A (ADDRESS) X X X X X ADDRESS VALID XXXXXXXXXXXX 

lWLEN(15) 

E (CHIP ENABLE) \ \ \ \ \ \ :\.\. ~I II lllllllllill 
-. 

TAVWH(16) 
-lWHAX(17) 

lWLWH(18) 
W (WRITE ENABLE) ~ -, ~I 1/// I //1 I I I I I I 

TAVWL(19) -. I--lWHDX(21) C TDVWH(20)-

o (DATA IN) XXXXXXXXXXX XXXXXXXXXX-I- DATA VALID xxxxxxxxxxXXXX 
~lWLOZ(22)~ - -iWHOX(23) 

o (DATA OUT) PREVIOUS XXXXXXXXXXXXXX DATA XXXXXXXXXXXXXJ-HIGH-Z-

TL/D/9679-11 

IN controlled where E is active (LOW) prior to IN becoming active (LOW). G = HIGH. In this write cycle the data bus DO may become active (0). requiring 
observance of TWLOZ to avoid data bus contention. At the end of the write cycle the data bus may become active (0) if IN becomes inactive (HIGH) prior to E 
becoming inactive (HIGH). 
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AC Electrical Characteristics T A = O°C to + 70°C, Vee = Vee MIN to Vee MAX (Continued) 

Symbol 
NM 1624-25/255 NM1624-30 NM1624-35 

No. Parameter NM1625-25/255 NM1625-30 NM1625-35 Units 

Standard Alternate Min Max Min Max Min Max 

WRITE CYCLE 2 

24 TAVEL TAS Address Valid to Chip Enable LOW 
0 0 0 

(Address Setup) (Notes 7 & 8) 
ns 

25 TELEH TWP Chip Enable LOW to Chip Enable HIGH 
19 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

26 TEHAX TAH Chip Enable HIGH to Address Don't Care 
(Address Hold after End of Write) 0 0 0 ns 
(Notes 7 & 12) 

27 TAVEH TAW Address Valid to Chip Enable HIGH 
19 22 25 

(Address Setup to End of Write) (Note 7) 
ns 

28 TELWH TWP Chip Enable LOW to Write HIGH 
19 22 25 

(Write Pulse Width) (Notes 7 & 10) 
ns 

29 TDVEH TDS Data Valid to Chip Enable HIGH 
10 10 12 

(Data Setup to End of Write) (Notes 7 & 12) 
ns 

30 TEHDX TDH Chip Enable HIGH to Data Don't Care 
0 0 0 

(Data Hold) (Notes 7 & 12) 
ns 

Timing Waveforms (Continued) 
Write Cycle 2 

TAVAX(14) 

A (ADDRESS) X X X X X ADDRESS VALID -l XXXXXXXXXXXX 

TELEH(25) 

E (CHIP ENABLE) ..J ~I II II I I I I I I I I I I I 
TAVEL(24)- - - I-TEHAX(26) 

TAVEH(27) 

Vi (WRITE ENABLE) \\\\\ 
TELWH(28} 

TIIIIIIIIIIIII - I-TEHDX(30) 
CTDVEH(29)--

D (DATA IN) X X X X x x } XXXXXXXXXXXXXXXI DATA VALID XXX XXX XXX XXX XX 
I 

a (DATA OUT) HIGH-Z \: - f TEllCC(8) -TEH~8(9)==L 
Icc (SUPPLY CURRENT) ~------------

TL/D/9679-12 

This write cycle Is E controlled, where W is active (LOW) prior to, or coincident with, E becoming active (LOW). G = VIH. In this write cycle the data out remains in 
the high impedance state (TAl-STATE) at the beginning of the write cycle, precluding potential data bus contention. 
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z 
DC Electrical Characteristics T A = O'C to + 70'C, vss = ov 

3: -. 
Q) 

NM1624-25/255 NM1624-30 NM1624-35 N 
0l:Io 

Symbol Parameter Conditions NM1625-25/255 NM1625-30 NM1625-35 Units ...... 
Z 

Min Max Min Max Min Max 3: -. 
III Input Leakage Current Vss ~ VIN ~ Vee 

Q) 

±2 ±2 ±2 p.A 
N 

(Except DO) U1 

ILO Output Leakage Current E = VIH or iN = VIL 
±10 ±10 ±10 p.A 

(DO) Vss ~ VOUT ~ Vee 

lee Dynamic Operating Min Read Cycle Time 
Supply Current Duty Cycle = 100% 120 100 90 mA 

Output Open 

IS81 Standby Supply Current E = VIH (Note 1) 25 25 25 mA 

IS82 Full Standby I NM1624 
(Note 2) 

15 15 15 
mA 

Supply Current I NM1625 5 5 5 

VOL Output LOW Voltage IOL = 8.0mA 
0.4 0.4 0.4 V 

All Outputs under Load 

VOH1 Output HIGH Voltage IOH1 = -4.0 mA 
2.4 2.4 2.4 V 

All Outputs under Load 

VOH2 Output HIGH Voltage IOH2 = -0.05 mA 
Vee- 0.4 Vee- O.4 Vee-O.4 V 

Other Outputs Open 

Vee Operating Supply Except Data Retention Mode ·25 
---- - - - - 4.5- - 5.5 -

4.5 5.5 4.5 5.5 V 
·255 

4.75 5.5 

Data Retention Characteristics TA = O'Cto +70'C, Vee = 2.0Vto 5.5V (NM1625 only) 

No. Symbol Parameter Conditions Min Max Units 

31 VOR Vee Voltage for Data Vee - 0.2V ~ E ~ +5.5V 
Retention (Note 15) Vee - 0.2V ~ VIN ~ + 5.5V or 2.0 5.5 V 

Vss - 0.2V ~ VIN ~ Vss + 0.2V 

32 leCOR Data Retention Current VOR = 2.0V I T A = O°C to 70'C 35 
p.A 

(Note 14) 
VOR = 3.0V I T A = O'C to 70'C 50 

33 TCDR Chip Disable to Data 
0 

Retention Time (Note 4) 
ns 

34 TR Recovery Time 
TAVAX 

(Notes 4 & 13) 
ns 

Data Retention Waveform 
i-------OATA RETENTION t.fOOE--------+( 

Vee oJ \VCCt.4IN Veet.4IN}f-
VOR~2.0V / 

~
TCOR- • ~~~~---------.VOR 

. V.;:.:IHr'T'~,....,.....,.(33) VOR -O.2V ~ E ~ S.SV } I 
IIIII \~----------------~I ~ E (CHIP ENABLE) .LLL/ - I ~ 

VIL 
TLlD/9679-13 
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Note 1: Standby supply current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid V,L or V,H levels. 

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Vee - 0.2V s: I: s: Vee + 0.2V, and all other inputs, 
(including the data inputs) at steady state and satisfying one of two conditions. Either Vee - 0.2V s: Y,N s: Vee + 0.2V or VSS - 0.2V s: Y,N s: VSS + 0.2V. This 
condition results in a significant reduction in current in the input buffers and consequently a lower overall current level. 

Note 3: Operation to specifications guaranteed 2.0 ms after Vee reaches minimum operating voltage. 

Note 4: This parameter is sampled, not 100% tested. 

Note 5: Address Access Time (Read Cycle 1) assumes that E occurs before, or within 5 ns after addresses are valid. Timing considerations are referenced to the 
edges of Address Valid. 

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least 5 ns prior to E transitioning LOW (active). Timing considerations are then 
referenced to the LOW (active) transitioning edge of E. 
Notei: A write condition exists only during intervals where both Wand I: are LOW (active). The internal Write starts when the second of these signals becomes 
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive). 

Note 8: Address setup to beginning of write is measured from the time when the last address input becomes valid to the time when the second of the two signals (I: 
or W) becomes LOW (active). The timing of the first signal (W or 1:) to transition LOW (active) is a Don't Care. 

Note 9: Transition to the high-impedance state is measured at a ± 500 mV change from a valid VOH of VOL steady state voltage with the loading specified in Figure 
2. This parameter is sampled, not 100% tested. 

Note 10: Write pulse width is measured from the time when the last of the two signals I: and W becomes LOW (active) to the time of the first of I: or W to transition 
HIGH (inactive). 

Note 11: For rise or fall times greater than 3 ns, the timing relationships can no longer be specified to the time when inputs cross the 1.5V level. This is a 
characteristic of any CMOS device operated outside specified switching levels or transition times. 

Note 12: Timing specifications of Data Setup to End of Write, Data Hold after End of Write, and Address Hold after End of Write are all referenced to the time when 
the first of E or W transitions HIGH (inactive). The timing of the second signal 0N or 1:) to transition HIGH (inactive) is a Don't Care. 

Note 13: TAVAX = Read Cycle Timing. 

Note 14: leeDR is tested with Y,N = OV and Y,N = VDR. 

Note 15: Y,N applies to all inputs other than E and DOO-D03. Input conditions for DOO-D03 are: Vss - 0.2V s: DO s: Vss + 0.2V or Vee - 0.2V s: DO s: 
Vee + 0.2V. 

Connection Diagrams 
24-Pln DIP (J) and PDIP (N) 

AO- 1 

Al- 2 

A2- 3 

A3- 4 

M- 5 

A5- 6 

A6- 7 

A7- 8 

A8- 9 

E- 10 

<i-II 

GND- 12 

24 f-Vcc 

23 -A13 

22 -A12 

21 -Atl 

20 -AtO 

Nt.l1624/ 19 -A9 
Nt.l1625 

Top View 

18 -Ne 
17 -003 

16 -002 

15 -001 

14 :-000 

13 f-W 

TL/D/9679-1 

Order Number NM1624J25, 
NM1624J255, NM1624J30, NM1624J35, 
NM1624N25, NM1624N255, NM1624N30, 
NM1624N35, NM1625J25, NM1625J255, 
NM1625J30, NM1625J35, NM1625N25, 

NM1625N255, NM1625N30 or NM1625N35 
See NS Package Number D24H* or N24D* 

Pin Names 

Ao-AI3 Address Inputs 

E Chip Enable Bar 

W Write Enable Bar 

G Output Enable Bar 

DOO-D03 Data Inputs/Outputs 

Vee Power ( + 5.0V) 

Vss Ground (OV) 

NC No Connect 

6-122 

28-Pln LCC (E) 

3212827 
Al- 4 26 -He 
A2-5 25 -A13 

A3- 6 24 -A12 

M-7 Nt.l162·V 23 -All 

A5- 8 Nt.l1625 22 -Al0 

A6- 9 21-A9 

A7- 10 20:- 003 

A8- 11 19 f- 002 

E- 12 18 f-DQl 
13 14 15 16 17 

TL/D/9679-2 

Top View 

Order Number 
NM1624E25, NM1624E255, NM1624E30, 
NM1624E35, NM1625E25, NM1625E255, 

NM1625E30 or NM1625E35 
See NS Package Number E28B 



Logic Symbols 

DIP, POIP 

AO 
Al 
A2 3 14 DOO 
A3 4 
A4 5 
A5 6 15 DOl 
A6 7 Nt.l1624/ 

A7 8 Nt.l1625 

A8 9 16 D02 
A9 19 

Al0 20 
All 21 17 D03 
A12 22 
A13 23 

AC Test Conditions (Notes 3 & 11) 

Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing 
Reference Levels 

TL/O/9679-3 

OVto 3.0V 

3 ns 

1.5V 

Output Load See Figures 1 and 2 

Capacitance (Note 4) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation 

C = ~Qwhere~v = 3V 
~V 

+5V 

4800 

Dour - ... - ..... 

30pr' 

Max Units 

6 pF 

7 pF 

TLIO/9679-6 

FIGURE 1. Output Load 
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AO 3 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

Al0 
All 
A12 
A13 

Truth Table 
Mode E W 

Standby H 

Read L 

Read L 

Write L 

High Z = High impedance 
D = Valid data bit in 
X = Don't care 

X 

H 

H 

L 

a = Valid data bit out 

LCC 

17 

18 
Nt.l1624/ 
Nt.l1625 

19 

20 

G Vi 

G OQx 

X HighZ 

L QOUT 

H HighZ 

X DIN 

+5V 

Dour--+--. 
5 pr' 

'including scope and jig 

DOO 

DOl 

D02 

D03 

TLIO/9679-4 

Power Level 

Standby 

Active 

Active 

Active 

TL/O/9679-7 

FIGURE 2. Output Load (for TEHQZ, TELQX, 
TWLQZ, TWHQX, TGHQX, TGLQX, TGHQZ) 

• 
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STANDARD TIMING PARAMETER ABBREVIATIONS 

TXXXX 

.Ignal nom. '",m whlah Inl .... II. d.fln.d-.J III 
transItion dIrectIon for first sIgnal 

sIgnal name to whIch Interval Is defined 
transItion dIrectIon for second sIgnal 

TLlD/9679-14 

The transition definitions used in this data sheet are: 

H = transition to high state. 

L = transition to low state. 

V = transition to valid state. 

X = transition to invalid or don't care condition. 

Z = transition to off (high impedance) condition. 

TIMING VALUES 

The AC Operating Conditions and Characteristics tables 
typically show either a minimum or maximum limit for each 
device parameter. Those timing parameters which state a 
minimum value do so because the system must supply at 
least that much time, even though most devices don't re
quire that full amount. Thus, input requirements are speci
fied from the external point of view. In contrast, responses 
from the memory (like access times) are specified as a max
imum time because the device will never provide the data 
later than this stated value, and will usually provide it much 
sooner than this. 

xxxxxxxxxxxx \\§\\\\\\\ IIIIIIIIIII 
TLlD/9679-15 

INVALID or Don't Care 

TLlD/9679-16 

Transition from HIGH to LOW level may occur 
any time during this period 
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TL/D/9679-17 

Transition from LOW to HIGH level may occur 
any time during this period 



~National 
~ Semiconductor 
1624/1625 
16,384 x 4-Bit Static RAM 
Military Temperature Range 
General Description 
The 1624/1625 are 65,536-bit fully-static, asynchronous, 
random access memories organized as 16,384 words by 
4-bits per word. The 1624/1625 are based on an advanced 
isoplanar, oxide-isolation CMOS process. The process uti~ 
lizes fully-implanted CMOS technology with sub-2 micron 
design rules and tantalum silicide gate electrodes for high 
performance. The combination of this high-performance 
technology, and speed-optimized circuitry results in a very 
high-speed memory device. 

The 1625 is identical to the 1624 with the additional feature 
of power-down for low power battery back-up applications. 

Both parts are processed in full compliance with MIL-STD-
883. 

Features 
• Output enable access times: 12 ns/15 ns/20ns/25 ns 

(maximum) 

Functional Block Diagram 

• Fast address access times: 30 ns/35 ns/45 ns/55 nsf 
70 ns (maximum) 

• Minimum write cycle time, including moderate system 
timing skews, equal to minimum read cycle time 

• Specifications guaranteed over full military temperature 
range (-55°C to + 125°C) 

• No internal clocks-high speed achieved without ad-
dress transition detection circuitry 

• All inputs and outputs directly TIL compatible 
• Common I/O (TRI-STATE@) output 
• Available in 24-pin DIP or 28-pin LCC 
• Single +5V operation (±10%) 
• Low power dissipation (data retention 1625): 

ICCOR = 5 JJ-A max (VOR = 2.0V), 25°C 
ICCOR = 8 JJ-A max (VOR = 3.0V), 25°C 

• Data retention supply voltage 1625: 2.0V to 5.5V 
_. Polyamide diecoat for alpha immunity 

t.4SB ~ LSB 
A1l A10 A9 A4 A3 A2 A12 Al 

VI VI 
a: a: 
Lo.I Lo.I 

~ 
~ 

~ ~ 
~ 

~ a: a: 
Q Q 

a: Lo.I a: a: ... a: 

"'" z "'" "'" z "'" :.<: ::::i :.<: :.<: ::::i :.<: 
~ Q ~ ~ Q ~ 

a: a: 
0 0 
~ ~ 

DOO DATA DATA 
D01 INPUT COLUt.4N I/O OUTPUT 
D02 CONTROL CONTROL 
D03 COLUt.4N DECODERS 

Vi WRITE 
E ENABLE 

A6 AS 

OUTPUT ~ LSB 

G ENABLE 

Tl/D/9681-5 
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Absolute Maximum Ratings 
If Military I Aerospace specified devices are required, Note: Stresses greater than those listed under "Absolute 
contact the National Semiconductor Sales Officel Maximum Ratings" may cause permanent damage to the 
Distributors for availability and specifications. device. This is a stress rating only and functional operation 
Voltage on Any Input or Output Pin of the device at these or any other conditions above those 

with Respect to Vss - 2.0V to Vee + 2V indicated in the operational sections of the specification is 

Storage Temperature - 65°C to + 150°C 
not implied. Exposure to absolute maximum rating condi-

Operating Temperature - 55°C to + 125°C 
tions for extended periods may affect device reliability. 

Power Dissipation 1.0W Recommended Operating 
Continuous Output Current per Output Conditions Te = -55°C to +125°C 
Average Input or Output Current ±25mA Min Typ Max Units 

(Averaged over Any 1 ,..,5 Time Interval) ±25mA Supply Voltage (Vee> 4.5 5.0 5.5 V 
Maximum Junction Temperature (TJ) 150°C Input HIGH Voltage (VIH) 2.2 Vee + 0.5 V 

Thermal Resistance (Junction to Case) Input LOW Voltage (VIU -1* 0.8 V 
OJC Side-Braze DIP 15°C/W All voltages are referenced to Vss pin = OV. 

OJC LCC 20°C/W -The device will meet -1 V or - 50 mA whichever occurs first without latch-
ing up. The device will also ~ithstand undershoots of -3.0V of 20 ns dura-
tion. 

This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields: however. it is advised that nor-
mal precautions be taken to avoid application of any voltage higher 
than maximum rated voltages to the high-impedance circuit. 

AC Electrical Characteristics Te = -55°C to + 125°C, Vee = 5.0V ±10% 

Symbol 
1624-30 1624-35 1624-45 1624-55 1624-70 

No. Parameter 1625-30 1625-35 1625-45 1625-55 1625-70 Units 

Standard Alternate Min Max Min Max Min Max Min Max Min Max 

READ CYCLES 

1 TAVAX TRC Address Valid to Address Invalid 
30 35 45 55 70 

(Read Cycle Time) 
ns 

2 TAVQV TAA Address Valid to Output Valid 
30 35 45 55 70 

(Address Access Time) (Note 5) 
ns 

3 TAXQX TOH Address Invalid to Output Invalid 
5 5 5 5 5 

(Output Hold Time) 
ns 

4 TELEH TRC Chip Enable LOW to 
27 30 40 50 50 

Chip Enable HIGH (Note 6) 
ns 

5 TELQV TACS Chip Enable LOW to Output Valid 
27 30 40 50 50 

(Chip Enable Access Time) (Note 6) 
ns 

6 TELQX TLZ (Chip Enable LOW to Output Low Z 
5 5 5 5 5 

(Chip Enable to Output Active) (Note 4) 
ns 

7 TEHQZ THZ Chip Enable HIGH to Output High Z 
(Chip Disable to Output Disable) 0 12 0 15 0 15 0 20 0 20 ns 
(Notes 9 &4) 

8 TELICC TPU Chip Enable LOW to Operating 
0 0 0 0 0 

Supply Current (Note 4) 
ns 

9 TEHISB TPD Chip Enable HIGH to Standby 
27 30 40 50 50 

Current (Note 4) 
ns 

10 TGLQV TOE Output Enable LOW to Output Valid 
12 15 20 25 25 

(Output Enable Access) 
ns 

11 TGLQX TOLZ Output Enable LOW to Output Invalid 
(Output Enable to Output Active) 0 0 0 0 0 ns 
(Note 4) 

12 TGHQZ TOHZ Output Enable HIGH to Output High Z 
(Output Enable Off to Output High Z) 12 15 15 20 20 ns 
(Notes 9 &4) 

13 TGHQX Output Enable HIGH to Output Invalid 
0 0 0 0 0 

(Output Hold Time) (Note 4) 
ns 
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Timing Waveforms 

Read Cycle 1 

t+-------- TAVAX(1) -------+1 

A (ADDRESS) ~~~IIj\. ______ "":::'::'::=-=::"" _____ ~'I\£:~~Q,O~~~~ 

Access is under address control where E is active prior to 5 ns after address change. W = VIH. G = VIL. 

Read Cycle 2 

14--------- TELEH(4) -------+1 

TL/D/9681-8 

E (CHIP ENABLE) 
----~I 1,---------____ ~~----------------JI 

HIGH Z-

TL/D/9681-9 

Access is under E control where address is valid a minimum of 5 ns prior to E becoming active. W = VIH. address remains valid at least TELQV after E transitions 
LOW. 

Read Cycle 3 

~ 
TAVAX(1) 

ADDRESS 

TAVQV(2) I! 

G 

~UT------~------------------~-----<~~I'-__________ JI~~~ 

TL/D/9681-10 

Access is under G control. W = HIGH. 
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AC Electrical Characteristics Te = -55·Cto + 125·C, Vee = 5.0V ±10% (Continued) 

Symbol 
1624-30 1624-35 1624-45 1624-55 1624-70 

No. Parameter 1625-30 1625-35 1625-45 1625-55 1625-70 Units 

Standard Alternate Min Max Min Max Min Max Min Max Min Max 

WRITE CYCLE 1 

14 TAVAX TWC Address Valid to Address Invalid 
30 35 45 55 70 

(Write Cycle Time) 
ns 

15 TWLEH TWP Write LOW to Chip Enable HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
ns 

16 TAVWH TAW Address Valid to Write HIGH 
(Address Setup to End of Write) 22 25 30 35 35 ns 
(Note 7) 

17 TWHAX TAH Write HIGH to Address Don't Care 
(Address Hold after End of Write) 0 0 0 2 5 ns 
(Notes 7 & 12) 

18 TWLWH TWP Write LOW to Write HIGH 
22 25 30 35 

35 
(Write Pulse Width) (Notes 7 & 10) 

ns 

19 TAVWL TAS Address Valid to Write LOW 
(Address Setup to Beginning of Write) 0 0 0 2 5 ns 
(Notes 7 &8) 

20 TDVWH TDS Data Valid to Write HIGH (Data Setup 
10 12 12 15 

15 
to End of Write) (Notes 7 & 12) 

ns 

21 TWHDX TDH Write HIGH to Data Don't Care 
(Data Hold after End of Write) 0 0 0 2 5 ns 
(Notes 7 & 12) 

22 TWLOZ TWZ Write LOW to Output High Z 
(Write Enable to Output Disable) 0 12 0 12 0 15 0 18 0 20 ns 
(Notes 9 &4) 

23 TWHOX TOW Write HIGH to Output Don't Care 
(Output Active after End of Write) 5 5 5 5 5 ns 
(Note 4) 

Timing Waveforms (Continued) 
Write Cycle 1 

TAVAX(14) 

A (ADDRESS) X X X X X ADDRESS VALID XXXXXXXXXXXX 
TWLEN(lS) 

E (CHIP ENABLE) \ \ \ \ \ \ ~\. "}~III II I I I I I I I I I I I - I-TWHAX(17) 
TAVWH(16) 

TWLWH(18) 
Vi (WRITE ENABLE) ~ 1 ~/ / / / / / / / / / / / / / / 

TAVWL(19) - I-TWHDX(21) C TDVWH(20)-

D (DATA IN) XXXXXXXXXXX XXXXXXXXXX'- DATA VALID -l XXXXXXXXXXXXXX 
f4-TWLOZ(22) ~ - -TWHOX(23) 

a (DATA OUT) PREVIOUS XXXXXXXXXXXXXX DATA XXXXXXXXXXXXXJ-HIGH-Z-

TL/D/9681-11 

W controlled where E is active (LOW) prior to W becoming active (LOW). If G = VIL in this write cycle, the data bus DO may become active (0), requiring 
observance of TWLOZ to avoid data bus contention. At the end of the write cycle the data bus may become active (0) if W becomes inactive (HIGH) prior to E 
becoming inactive (HIGH). 
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AC Electrical Characteristics T e = - 55°C to + 125°C, Vee = 5.0V ± 10% (Continued) 

Symbol 
1624-30 1624-35 1624-45 1624-55 1624-70 

No. Parameter 1625-30 1625-35 1625-45 1625-55 1625-70 Units 

Standard Alternate Min Max Min Max Min Max Min Max Min Max 

WRITE CYCLE 2 

24 TAVEL TAS Address Valid to Chip Enable LOW 
0 0 0 2 5 

(Address Setup) (Notes 7 & 8) 
ns 

25 TELEH TWP Chip Enable LOW to Chip Enable HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
ns 

26 TEHAX TAH Chip Enable HIGH to Address Don't Care 
(Address Hold after End of Write) 5 0 0 2 5 ns 
(Notes 7 & 12) 

27 TAVEH TAW Address Valid to Chip Enable HIGH 
22 25 30 35 35 

(Address Setup to End of Write) (Note 7) 
ns 

28 TELWH TWP Chip Enable LOW to Write HIGH 
22 25 30 35 35 

(Write Pulse Width) (Notes 7 & 10) 
ns 

29 TDVEH TDS Data Valid to Chip Enable HIGH 

(Data Setup to End of Write) 10 12 12 15 15 ns 
(Notes 7 & 12) 

30 TEHDX TDH Chip Enable HIGH to Data Don't Care 
0 0 0 2 

5 
(Data Hold) (Notes 7 & 12) 

ns 

- -------

Timing Waveforms (Continued) 

Write Cycle 2 

TAVAX(14) 

A (ADDRESS) X X X X X -It- ADDRESS VALID XXXXXXXXXXXX 
TELEH(Z5) 

E (CHIP ENABLE) r- ,~I II rill I I I I I I I I I 
TAVEL(ZO)- - - I-TEHAX(Z8) 

TAVEH(Z7) 

Vi (WRITE ENABLE) \\\\\ 
TELWH(Z6) 

~IIIIIIIIIIIII 

CTDVEH(Z9)-=: 
I-TEHDX(30) 

o (DATA IN) XXXXXX XXXXXXXXXXXXXXX. DATA VALID -It-XXXXXXXXXXXXXX 
I 

a (DATA OUT) HIGH-Z 

Ix - f 1D.lCC(8) -lEHISB(9)==L 
Icc (SUPPLY CURRENT) ~------------

TL/D/9681-12 

This write cycle is E controlled, where W is active (LOW) prior to, or coincident with, E becoming active (LOW). G = VIH. In this write cycle the data out remains in 
the high impedance state (3 state) at the beginning of the write cycle, precluding potential data bus contention. 
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DC Electrical Characteristics Te = -55°C to + 125°C, Vee = 5.0V ±10%, Vss = OV 

~ Symbol Parameter Conditions 
1624-30 
1625-30 

1624-35 
1625-35 

1624-45 
1625-44 

1624-55 
1625-55 

1624-70 
1625-70 Units 

III 

lee 

ISB1 

ISB2 

VOH 

Min Max Min Max Min Max Min Max Min Max 

Input Leakage Current Vss ~ VIN ~ Vee 
(Except DQ) 

±2 ±2 ±2 ±2 ±2 IJ-A 

Output Leakage 
Current (DQ) 

E = VIHorW = Vil 
Vss ~ VOUT ~ Vee 

±10 ±10 ±10 ±10 

Dynamic Operating 
Supply Current 

Min Read Cycle Time 
Duty Cycle = 100% 
Output Open 

120 100 90 110 110 mA 

Standby Supply Current E = VIH (Note 1) 25 25 25 25 25 

Full Standby (Note 2) I 1624 15 15 15 15 15 
r-----r---r-~--~r-_+--_+---+--_+--~--~--~ 

Supply Current I 1625 5 5 5 5 5 

Output LOW Voltage IOl = 8.0 mA 
All Outputs under Load 

Output HIGH Voltage IOH = -4.0 mA 
All Outputs under Load 

IOH = -0.05 mA 
Other Outputs Open 

0.4 0.4 0.4 0.4 0.4 

2.4 2.4 2.4 2.4 2.4 

Vee Vee Vee Vee Vee 
-0.4 -0.4 -0.4 -0.4 -0.4 

mA 

mA 

V 

V 

V 

Data Retention Characteristics Te -55°C to + 125°C, Vee = 2.0Vt05.5V 

No. Symbol 

31 VOR 

32 leeOR 

33 TCDR 

34 TR 

Parameter 

Vee Voltage for Data 
Retention (Note 15) 

Data Retention 
Current (Note 14) 

Chip Disable to Data 
Retention Time 
(Note 4) 

Recovery Time 
(Notes 4 & 13) 

Conditions 

Vee - 0.2V ~ E ~ +5.5V 
Vee - 0.2V ~ VIN ~ + 5.5V or 
Vss - 0.2V ~ VIN ~ Vss + 0.2V 

VOR = 2.0V Te = -55°C to +25°C 

Te = -55°C to + 125°C 

VOR = 3.0V T e = -55°C to + 25°C 

Te = -55°C to + 125°C 

Data Retention Waveform 
1-----------DATA RETENTION MODE----------.{ 

Vee -'I\. 4.5Y 4.5Y }~ 

Min 

2.0 

o 

TAVAX 

Max 

5.5 

5 

200 

8 

400 

I" YORi2:2.0Y / 

~
(~~~_ "'-----------------. ~~~---------.YOR 

YIH"'~""'''''''''''''''''''''\ 5.5Yi2:Ei2:YOR -O.2V j ~ 
E (CHIP ENABLE) 

YIL 
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ns 

TL/O/9681-13 



Note 1: Standby supply current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid VIL or VIH levels. 

Note 2: Full standby supply current (CMOS) Is measured with the enable bar input satisfying the condition: Vee - 0.2V ~ E ~ Vee + 0.2V, and all other Inputs, 
(including the data Inputs at steady state and satisfying one of two conditions. Either Vee - 0.2V ~ VIN ~ Vee + 0.2V or Vss - 0.2V ~ VIN ~ VSS + 0.2V). This 
condition results in a significant reduction In current in the input buffers and consequently a lower overall current level. 

Note 3: Operation to specifications guaranteed 2.0 ms after Vee reaches minimum operating voltage. 

Note 4: This parameter Is sampled, not 100% tested. 

Note 5: Address Access Time (Read Cycle 1) assumes that E occurs before or within 5 ns after addresses are valid. Timing considerations are referenced to the 
edges of Address Valid. 

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least 5 ns prior to E transitioning LOW (active) and remain valid at least TELCV 
after E transitions LOW. Timing considerations are then referenced to the LOW (active) transitioning edge of E. 
Note 7: A write condition exists only during intervals where both Wand E are LOW (active). The internal Write starts when the second of these signals becomes 
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive). 

Note 8: Address setup to beginning of write is measured from the time when the last address input becomes valid to the time when the second of the two Signals (E: 
or W) becomes LOW (active). The timing of the first signal (W or E) to transition LOW (active) is a Don't Care. 

Note 9: Transition to the high-impedance state is measured at a ±500 mV change from a valid VOH of VOL steady state voltage with the loading specified in 
Figure 2. 

Note 10: Write pulse width is measured from the time when the last of the two Signals E and W becomes LOW (active) to the time of the first of E or W to transition 
HIGH (inactive). 

Note 11: For rise or fall times greater than 3 ns, the timing relationships can no longer be specified to the time when inputs cross the 1.5V level. This Is a 
characteristic of any CMOS device operated outside specified switching levels or transition times. 

Note 12: Timing specifications of Data Setup to End of Write, Data Hold after End of Write, and Address Hold after End of Write are all referenced to the time when 
the first E: or W transitions HIGH (inactive). The timing of the second Signal (W or E) to transition HIGH (inactive) is a Don't Care. 

Note 13: TAVAX = Read Cycle Timing. 

Note 14: leeoR is tested with VIN = OV and VIN = VOR. 

Note 15: VIN applies to all inputs other than E and DCo-DCa. Input conditions for DCo-DCa are: Vss - 0.2V ~ DC ~ Vss + 0.2V or Vee - 0.2V ~ DC ~ 
Vee + 0.2V. 

Connection Diagrams 

24·Pln DIP 28·Pln LCC 

0 u u ~u -< z z > z 
AO Vee 
AI A13 Order Number 

A2 A12 AI 4 NC 1624DMQB30, 1625DMQB30 
1624DMQB35,1625DMQB35 

A3 All A2 5 A13 1624DMQB45,1625DMQB45 
A4 Al0 A3 A12 1624DMQB55,1625DMQB55 

A5 1624/ A9 A4 1624/ All 1624DMQB70, 1625DMQB70 

A6 1625 NC A5 1625 Al0 
1624LMQB30, 1625LMQB30 
1624LMQB35,1625LMQB35 

A7 003 A6 A9 1624LMQB45,1625LMQB45 
AS 002 A7 D03 1624LMQB55,1625LMQB55 

001 AS D02 1624LMQB70, 1625LMQB70 

G 11 000 DOl 

GND 12 iN 13 14 15 16 17 

...,. It:> ~~ I~ TL/D/9681-1 8 
Top View TL/D/9681-2 

NS Package Number D24H* Top View 

NS Package Number E28B* 
"For most current package information, contact product marketing. 
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Logic Symbols 

DIP LCC 

AO 14 000 AO 000 
A1 15 001 A1 DQ1 Pin Names 
A2 16 002 A2 002 
A3 17 003 A3 003 AO-A13 Address Inputs 

A4 A4 
A5 A5 

E Chip Enable Bar 

A6 A6 W Write Enable Bar 
A7 

1624/ 
A7 

A8 A8 
A9 

1625 
A9 

G Output Enable Bar 

DQO-DQ3 Data Inputs/Outputs 
A10 A10 
A11 A11 Vee Power ( + 5.0V) 

A12 A12 
A13 23 A13 

Vss Ground (OV) 

G G 
Vi Vi 

TLlD/9681-3 TL/D/9681-4 

AC Test Conditions (Notes 3 & 11) Truth Table 
Input Pulse Levels OV to 3.0V 

Input Rise and Fall Times 3 ns 

Input and Output Timing 
Reference Levels 1.5V 

Output Load See Figures 1 and 2 

Capacitance (Note 4) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

Effective capacitance calculated from the equation 

C = ~Qwhere~V = 3V 
~V 

+5V 

480.0. 

DOUT-.... --. 

30pF" 255.0. 

Max Units 

6 pF 

7 pF 

TL/D/9681-6 

FIGURE 1. Output Load 

Mode E W 

Standby H X 

Read L H 

Read L H 

Write L L 

High Z = High impedance 
D = Valid data bit in 
X = Don't care 
Q = Valid data bit out 

G OQx 

X HighZ 

L QOUT 

H HighZ 

X DIN 

+5V 

480.0. 

Dour- .... - ...... 

5 pF" 255.0. 

·including scope and jig. 

Power Level 

Standby 

Active 

Active 

Active 

TLlD/9681-7 

FIGURE 2. Output Load (for TEHQZ, TELQX, TWLQZ, 
TWHQX, TGHQX, TGHQZ, TGLQX) 
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STANDARD TIMING PARAMETER ABBREVIATIONS 

TXXXX 

"'".' .. me 'n>m _h'oh '",.".". d'fl",d~ III transition direction for first signal 
signal name to which Interval Is defined 

transition direction for second signal 

TL/D/9681-14 

The transition definitions used in this data sheet are: 
H = transition to high state. 
L = transition to low state. 
V = transition to valid state. 
X = transition to invalid or don't care condition. 
Z = transition to off (high impedance) condition. 

TIMING VALUES 

The AC Operating Conditions and Characteristics tables 
typically show either a minimum or maximum limit for each 
device parameter. Those timing parameters which state a 
minimum value do so because the system must supply at 
least that much time, even though most devices don't re
quire that full amount. Thus, input requirements are speci
fied from the external point of view. In contrast, responses 
from the memory (like access times) are specified as a max
imum time because the device will never provide the data 
later than this stated value, and will usually provide it much 
sooner than this. 

xxxxxxxxxxxx \\\\\SSSSS\ IZZZZZZ7ZZ1 
TLlD/9681-15 TL/D/9681-16 TL/D/9681-17 

INVALID or Don't Care Transition from HIGH to LOW level may occur Transition from LOW to HIGH level may occur 
any time during this period any time during this period 
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~National 
~ Semiconductor 
DM75S68/DM85S68/DM75S68A/DM85S68A 
16 x 4 Edge Triggered Registers 

General Description 
These Schottky memories are addressable "0" register 
files. Any of its 16 four-bit words may be asynchronously 
read or may be written into on the next clock transition. An 
input terminal is provided to enable or disable the synchro
nous writing of the input data into the location specified by 
the address terminals. An output disable terminal operates 
only as a TRI-STATE® output control terminal. The address
able register data may be latched at the outputs and re
tained as long as the output store terminal is held in a low 
state. This memory storage condition is independent of the 
state of the output disable terminal. 

All input terminals are high impedance at all times, and all 
outputs have low impedance active drive logic states and 
the high impedance TRI-STATE condition. 

Logic and Block Diagram 

!WRITE ENABLE) 

15 
WI o--l:>O----------+j 

~~ AD ~ ~ ~ 

Al~~ 
AZ~ 

A3~ 

(DATA INPUTS) 

oz 03 
1 11 

16x 4 MEMORY CelL ARRAY 

Features 
• On-chip output register 
• PNP inputs reduce input loading 
• Edge triggered write 
• High speed-20 ns typ 
• All parameters guaranteed over temperature 

• TRI-STATE output 
• Schottky-clamped for high speed 
• Optimized for register stack applications 
• Typical power dissipation-350 mW 

!WRITE CLOCK INPUT! 
CLK 

14 

00 

0 

X 

0 

1 

WE 

X 

0 

X 

X 

Pin Names 

AO-A3 Address Inputs 

01-0 4 Data Inputs 

01-04 Data Outputs 

WE Write Enable 

ClK Write Clock Input 

OS Output Store 

00 Output Disable 

elK OS MODE OUTPUTS 

X 0 Output Store Data From Last 
Addressed Location 

.../ X Write Data Dependent on State 
ofOD and OS 

X 1 Read Data Data Stored in 
Addressed Location 

X 0 Output Store High Impedance State 

13 

R~----~~----~_r~----1_~._----~-+1_----. 
1 X X 1 Output Disable High Inpedance State 

IOUTPUT 
STOREI 

(OUTPUTS) 

TL/F/9233-1 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage, Vee 
Distributors for availability and specifications. DM85S68/DM85S68A 4.75 5.25 V 

Supply Voltage 7.0V DM75S68/DM75S68A 4.5 5.5 V 

Input Voltage 5.5V Temperature. T A 

Output Voltage 5.5V DM85S68/DM85S68A 0 70 ·C 
DM75S68/DM75S68A -55 +125 ·C 

Storage Temperature Range - 65·C to + 150·C 

Temperature (Soldering, 10 sec.) 300·C 

Electrical Characteristics 
over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIH High Level Input Voltage 2 V 

VIL Low Level Input Voltage 0.8 V 

VOH High Level Output Voltage Vee = Min 10H = - 2.0 rnA, 2.4 V 
DM75S68/DM75S68A 

10H = -5.2 rnA, 2.4 V 
DM85S681 DM85S68A 

VOL Low Level Output Voltage Vee = Min, DM75S68/DM75S68A 0.5 V 
10l = 16 rnA DM85S681 DM85S68A 0.45 V 

IIH High Level Input Current Vee = Max, VIH = 2.4V 25 IJ-A 

II High Level Input Current Vee = Max, VIH = 5.5V 
50 IJ-A at Maximum Voltage 

III Low Level Input Current Vee = Max, Clock Input -500 IJ-A 
Vil = 0.5V All Others -250 IJ-A 

los Short Circuit Output Current Vee = Max, VOL = OV -20 -55 rnA 
(Note 4) 

lee Supply Current Vee = Max 70 100 rnA 

Vie Input Clamp Voltage Vee = Min,IIN = -18 rnA -1.2 V 

loz TRI-STATE Output Current Vee= Max Vo = 2.4V +40 IJ-A 

Vo = 0.5V -40 IJ-A 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2. Unless otherwise specified minImax limits apply across the - 55'C to + 125'C temperature range for the DM75S68/DM75S68A and across the O'C to 
+ 70'C range for the DM85S68/DM85S68A. All typicals are given for Vcc = 5.0V and TA = 25'C. 
Note 3: All currents into device pins shown as positive. out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 

Switching Characteristics over recommended operating range of T A and Vee unless otherwise noted 

Symbol Parameter 
DM75S68 DM85S68 DM75S68A DM85S68A 

Units 
Min Max Min Max Min Max Min Max 

tZH Output Enable to High Level 40 35 40 35 ns 

tZl Output Enable to Low Level 30 24 30 24 ns 

tHZ Output Disable Time from High Level 35 15 35 15 ns 

tlZ Output Disable Time from Low Level 35 18 35 18 ns 

tM Access Time Address to Output 55 40 45 24 ns 

tOSA Output Store to Output 35 30 35 20 ns 

teA Clock to Output 50 40 50 35 ns 
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Switching Characteristics 
over recommended operating range of T A and Vcc unless otherwise noted (Continued) 

Symbol Parameter 
DM75S68 DM85S68 

Min Max Min Max 

tASC Set-UpTime Address to Clock 25 15 

tosc Data to Clock 15 5 

tASOS Address to Output Store 40 30 

tWESC Write Enable Set-Up Time 10 5 

tOSSC Store before Write 15 10 

tAHC Hold Time Address from Clock 15 10 

tOHC Data from Clock 20 15 

tAHOS Address from Output Store 10 5 

tWEHC Write Enable Hold Time 20 15 

Connection Diagram 
Dual-In-Llne Package 

1r--v-18 
02- ~Vcc 

2 17 
01- ~OJ 

J 16 
AO- ~04 

4 .!!we A2-

5 14 
AJ- ..... elK 

6 13-
A1- -os 

01.2. 
12 
~OD 

02...!. ~04 
9 10 

GNO- ~03 

DM75S68A 

Min Max 

25 

15 

40 

10 

15 

15 

20 

10 

20 

TLlF/9233-2 

Top View 

Order Number DM75S68J, DM85S68J, 
DM85S68N, DM75S68AJ, 

DM85S68AJ or DM85S68AN 
See NS Package 

NumberJ18A or N18A 
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DM85S68A 
Units 

Min Max 

15 ns 

5 ns 

10 ns 

5 ns 

10 ns 

10 ns 

15 ns 

2 ns 

10 ns 



AC Test Circuit and Switching Time Waveforms 

ADDRESS 
INPUT 

DATA 
INPUT 

OUTPUT 
STORE 

WRITE 
ENABLE 

WRITE 
CLOCK 

DM75S661 
DM85S681 
DM75S68AI 
DM85S68A 

Write Cycle 

OUTPUT 

Clock Set-Up and Hold Time 

r---, 
1.5V 1.5V ____ .l[ 1'- ____ _ 

tASC--
1AHC~ ,- -, 

1.5V 1.5V 

----.II" I~'\...----· 
r-tosc--

~10HC~ 

TL/L/9233-4 

Clock to Output Access 

1~~1~ 1.5V)(----------
----.I . 

WRITE 
CLOCK 

OUTPUTS 

1.5VI 

l-tCA-1 ,--
___________ I.J'----

TL/L/9233-5 

5.0V 

CL = 5.0 pF for tHZ, tLZ 

CL = 30 pF for all others 

CL includes probe and jig capacitance 

All diodes are 1 N3064 

TL/Ll9233-3 

Read Cycle 

Address to Output Access Time 

ADDRESS 1.5V\.r----------
INPUT ~ ----.II 

____ -_t_AA_-'" I r----_ --
OUTPUTS _ _____ :.~,,\, _______ _ 

TLlLl9233-6 

Output Store Access, Set-Up and Hold Time 

~r--, 
ADDRESS 

INPUTS 1.5VI~ }(1.5V 

__ J. r-'.,J'--------
OUTPUT 

STORE 

OUTPUTS 

1.5V 

TL/Ll9233-7 

Output Disable and Enable Time 

OUTPUT , ~v -' 
DISABLE 5t 

1.5V--t-T--+~--+-~t----'-~ 
O.5V 

VOL __ +--:-.1 .-
OUTPUT 

VOH --+-...... ., 

O.5V 
1.5V---t---I-~--+--~+--,-

TL/Ll9233-B 

Note: Input waveforms supplied by pulse generator having the following characteristics: V = 3.0V, tR ~ 2.5 ns, PRR ~ 1.0 MHz and ZOUT = SOM. 
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~National a Semiconductor 
PRELIMINARY 

DM75/85X431 64 x 8 No-Fall-Through FIFO Memory 

General Description 
The device is a first-in-first-out (FIFO) sequential memory 
organized as 64 words by 8 bits. Data words written into the 
device are later read from a separate bus in the same order 
as entered but at an independent rate. Write and read oper
ations may occur concurrently and at any time with respect 
to each other. The FIFO is a no-fall-through (NFT) type in 
which new input data becomes available for output in less 
time than the minimum write/read cycle period. 

Features 
• 64 x 8-bit FIFO memory 
• No fall-through delay (first word propagates to output in 

less than one cycle period) 
• 35 MHz write and 50 MHz read clock frequencies 
• Totally independent asynchronous write and read 

clocks 
• Cascadable in depth and/or width (requiring no 

external hardware) 

Block and Connection Diagrams 

WC 

RC 

t.4R/FS 

WRITE 
POINTER 

IR 

OR 

FLAG 

• Status outputs indicate full, empty and partially-filled 
conditions 

• 24-pin 0.3" wide DIP package 
• TTL I/O signal levels 
• Single + 5V supply 

Applications 
• Data rate translator for computer peripheral controller, 

ego disc, tape, printer, graphic display, etc. 
• Data rate translator for telecommunications or data 

communications controller (including local area 
network) 

• ADC or DAC interface buffer for real-time DSP 
• Real-time data acquisition buffer 
• Variable length shift register for real-time signal delay 
• Variable length pipeline register for multiprocessing, 

DSP, graphics, image analysis, etc. 

o 

TL/D/8676-1 

Dual-In-Llne Package 

t.4R/FS Vee 
WC OR 

IR RC 

DO FLAG 

01 04 

02 05 

03 06 

00 07 

01 04 

02 05 

06 

07 

TL/D/8676-2 

Top View 

Order Numbers DM75/85X431J 
or DM85X431 N 

NS Package Numbers J24F or N24C 

6-138 



Absolute Maximum Ratings 
If Military I Aerospace specified devices are required, Off-State Output Voltage 5.5V 
contact the National Semiconductor Sales Offlcel Storage Temperature - 65·C to + 150·C 
Distributors for availability and specifications. 

ESD Susceptibility (Note 5) To Be Determined 
Supply Voltage, Vee 7V 
Input Voltage 7V 

Electrical Characteristics Over Operating Conditions DM75/DM85X431 

Guaranteed Limits 
Symbol Parameter Conditions Units 

Min Typ Max 

VIL Low-Level Input Voltage 0.8 V 

VIH High-Level Input Voltage 2 V 

Vie Input Clamp Voltage Vee = Min, 11= -18mA -1.5 V 

IlL Low-Level Vee = Max, VI = 0.45V -0.4 mA Input Current 

IIH High-Level Input Current Vee = Max, VI = 2.4V 50 IJoA 

II Maximum Input Current Vee = Max, VI = 5.5V 1.0 mA 

VOL Low-Level Output Voltage Vee = Min 10L = 8mAfor 
VIL = 0.8V QOutputs 

0.5 V 
VIH = 2V 10L = 4 mA for 

IR, OR and FLAG Outputs 

VOH High-Level Output Voltage Vee = Min 10H = -0.9 mA for 
VIL = 0.8V QOutputs 2.4 V 
VIH = 2V 10H = - 0.6 mA for 

- - IR, OR and FLAG Outputs 

los Output Short-Circuit Current Vee = Max, Vo = OV -30 -80 mA (Note 1) 

lee Supply Current Vee = Max 
Inputs Low, 200 230 mA 
Outputs Open 

Note 1: Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Operating Conditions (Note 3) 

DM75X431 DM85X431 
Symbol Parameter 

Min Typ Max Min Typ Max 
Units 

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operating Free-Air Temperature -55 +125 0 +70 ·C 
(Note 2) 

fwe Write Frequency 35 40 35 MHz 

fRe Read Frequency 50 50 MHz 

tWWH WC Pulse Width High 12 15 ns 

tWWL WC Pulse Width Low 7 10 ns 

tSDW Input Data Setup 13 17 ns 

tHDW Input Data Hold Time 0 5 ns 

tWRH RC Pulse Width High 7 10 ns 

tWRL RC Pulse Width Low 7 10 ns 

tWM Master Reset Pulse Width 
38 50 (Note 4) 

ns 

tRMW Reset Recovery Time 38 50 ns 

Note 2: Ambient Temperature. 
Note 3: Since the FIFO is a very high speed device, care must be taken in the design of the hardware. Proper device grounding and supply decoupling are crucial to 
the correct operation of the FIFO. 
Note 4: Minimum time between any two consecutive transitions on the MR/FS input. 
Note 5: Human body model, 100 pF discharged through a 1.5 kO resistor. 
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Switching Characteristics Over Operating Conditions 

Symbol 
Initial DM75X431 DM85X431 

Parameter 
Conditions 

Units 
Min Typ Max Min Typ Max 

tpRO RC to Data Output 20 27 ns 

tPWOH WCtoOR High Empty, RC = H 15 20 ns 

tPWIH WC Falling to IR High < 63 Words 11 15 ns 

tPWHIL WC Rising to IR Low < 63 Words 11 15 ns 

tpWLlL WC Falling to IR Low 63 Words, RC = H 11 15 ns 

tpRIH RCto IR High Full, WC = L 15 20 ns 

tpROH RCtoOR High > 1 Word 13 18 ns 

tpROL RCtoOR Low 10 14 ns 

tpRIL RC Falling to IR Low 63 Words, WC = H 13 18 ns 

tpWFH WC to FLAG High 27 36 ns 

tpRFL RC to FLAG Low 27 36 ns 

tpoo Transparent 0 to 0 Empty, WC = H 34 45 ns 

tpwo WC Rising to 0 Empty 34 45 ns 

tpMIH MR to IR High Full 28 38 ns 

tpMOL MRtoOR Low 15 20 ns 

tpMFL MR to FLAG Low 28 38 ns 

Pin Description Standard Test Load 
IOL R1 R2 

Vee Supply voltage. SV 
8mA 560n 1100n 

00-07 8-bit data input bus. 

00-07 8-bit data output bus (non-inverted). tr 
4mA 11000 22000 

WC Write Clock input-latches in data word from TEST Input Pulse Amplitude = 3V OUTPUT POINT 
O-bus on a high-to-Iow transition (except when 

R2 30pF' 
Input Rise and Fall Time (10%-

FIFO is full). Data enters the memory while WC is 90%) = 2.5 ns 

high. Measurements made at 1.5V 

RC Read Clock input-presents next data word onto --
O-bus on a low-to-high transition (except when TL/D/8676-3 

FIFO is empty). 

IR Input Ready status output-when high indicates Functional Description 
FIFO is ready for another write cycle, ie., FIFO is The NFT FIFO is implemented using a 64 x 8-bit RAM with 
not full. IR is forced low whenever WC is high (ex- separate write and read ports. The write port is addressed 
cept during 64th write cycle) to accommodate cas- by the write pointer and the read port by the read pointer. 
cading. While the WC input is high, a data word on the 0 inputs is 

OR Output Ready status output-when high indicates written into the write port of the RAM. The write pointer 
FIFO is ready for another read cycle, ie., FIFO is (initially zero) is incremented on the falling edge of WC, thus 
not empty. OR is forced low whenever RC is low concluding a write cycle. The RAM contents addressed by 
to accommodate cascading. the read pointer (also initially zero) are always presented on 

MR/FS Master Reset/FLAG Select input-resets the the 0 outputs. Thus the first word appears on the 0 outputs 

FIFO to the empty state (internal pointers reset to as it is being written. The rising edge of RC increments the 

zero) on either a low-to-high or high-to-Iow transis- read pointer which then accesses the next data word from 

tion. The state of the MR/FS input during opera- the RAM's read port. 

tion selects the waveform to be presented on the When the value of the write pointer equals the read pointer, 
FLAG status output. then the FIFO is empty, ie., any data words which had been 

FLAG Intermediate status FLAG output-if MR/FS input written have also been read. When the value of the write 

is low, then a high output on FLAG indicates FIFO painter exceeds the read pointer by 64, then the FIFO is full, 

is at least one quarter filled (16 or more words ie., the next RAM location into which data should be written 

remaining in memory). If MR/FS is high, then a contains the oldest word that has not yet been read. 

high output on FLAG indicates FIFO is at least The IR and OR status outputs indicate the full and empty 
three quarters filled (48 or more words remaining). conditions, respectively. When WC is brought low at the end 

of a write cycle, IR would go high if the FIFO is still not full. If 
the FIFO becomes full, IR would become low until a vacant 
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Functional Description (Continued) 

RAM location is made available resulting from a read opera
tion (or the Master Reset is activated). WC should remain 
low untillR goes high. If WC is brought high while IR is still 
low, then the entire write cycle would be ignored, the RAM 
contents and write pointer remaining unchanged. 

IR is usually driven low whenever WC is high in order to 
accommodate cascading as described later. However, dur
ing the final write cycle (in which the last vacant location is 
being written) IR would remain high if and as long as RC is 
high. This is to provide sufficient cycle times to guarantee 
the proper transfer of data between cascaded devices while 
reading. 

The OR output would go high after the rising edge of RC if 
the FIFO remains not empty. OR is initially low following a 
reset until the first word is written into the FIFO. RC should 
remain high until OR goes high. If RC is brought low before 
OR goes high, then the read cycle would be inhibited and 
the next rising edge of RC would not increment the read 
pointer. 

The FIFO resets to the empty state (write and read pointers 
reset to zero) on either the rising or falling edge of the 
MR/FS input. Following a reset, IR will be high, provided 
WC is low, OR and FLAG will be low. WC and RC may be in 
either state when a reset occurs. 

If WC is high following a reset, the first write cycle would not 
commence until after WC is returned low (a high output on 
IR must be observed before the FIFO performs any write 
cycle). Likewise, if RC is low following a reset, the first read 
cycle would not commence until RC is returned high and a 
high output is observed on OR (returning RC high does not 
advance the read pointer). 

The FIFO may be operated while the MR/FS input is held 
either low or high. The state of the MR/FS input during op
eration selects one of two waveforms to appear on the 
FLAG status output. 

If the FIFO is operated while the MR/FS input is held low, 
then the FLAG output would indicate when the FIFO is at 
least one quarter filled, i.e., when the write pOinter value 
exceeds the read pointer by at least 16. If the FIFO is oper
ated while MR/FS is high, then FLAG would indicate when 
the FIFO is at least three quarters filled, as shown in the 
following truth table: 

#WORDS FLAG OUTPUT 
STORED MR/FS = L MR/FS = H 

0-15 L L 

16-47 H L 

48-64 H H 

The FLAG output remains stable throughout all write and 
read cycles which do not cross the above boundaries. Note 
that the FLAG waveform selection cannot be switched with
out resetting the FIFO. 

In a system, MR/FS may be connected to either a normally
low or normally-high system reset signal. Even though the 
FIFO responds to input transitions, conventional system re
set pulses, including wakeup circuits, would produce desired 
results. 

Q'l1~/«I1?1ijM~ ______ ~#1 ________ ~~~~ ________ ~1 ____ __ 

I--tPWOH~ 
OR ____________________ -J/~--------~ 

Rc--------------------------------------~I ~i------------~\.' '--------
°IR goes low following the first of these two events. 
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Functional Description (Continued) 

Since the control signals and data are passed from chip to 
chip in a serially cascaded buffer, some fall-through delay is 
introduced between the input of the first chip and the output 
of the last. The delay increases with the number of chips 
cascaded serially. 

Chips can be cascaded both serially and in parallel to pro
duce deeper and wider buffers (as shown in "Cascading 
Devices" block diagram). However, due to the resulting 
chip-level fall-through delays, it may be necessary to AND
gate the IR outputs of the first level of chips, as with the OR 
outputs of the last level. 

Read Cycle Timing Waveform 

r- tWRL ---+t'I-' -- tWRH ~ 

RC ---, I ''''' ___ --\ rl 
F 'PROl J r'PROH1_---_ , 

OR ''-------'I '-s \-------' ---
~ ~~ 

tpRQ ----i INVALID DATA 7h 
Q -------#-I------------~XI~-----#2----~(( -~-. . ~ ) , #64 XI J/iZ 

'--- 'PRIH -----j C LAST DATA WORD WRITTEN 

IR ____________ /~----\~ ~ 

Master Reset Timing Waveform 

14-1' --- tWt.l----+l, 1 

t.lR/rS :x,-----------~X,.----

i-= tpt.llH ""1 i-= tPt.lIH-l 

TLlD/8676-6 

Cascading Devices 
(190 x 16 Bit FIFO) 
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Flag Output Timing Waveform 

WC~~ ______ _ 

RC __ 1 __ --'1 
l-tPRrL-J 

'----
I-tpwrHi 

rLAG I 
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Functional Description (Continued) 

Write Cycle Waveform For 
Two Devices Cascaded Serially 

DEVICE DEVICE 
#1 #2 

~ ~ 
______ #_I ____ JX~ _____ #2 ____ ~~ ~~----#-64 ____ JX~--------~#6-5----------D 

WC I' ~! 
Q - D #1 ~ #64 

OR- WC W : ! 
RC- IR 

, , , ._----
(FULL) J / 

Q ?(II!!)/I)IX I #1 ~ ~ 
OR \ 

(EMPTY) 

~ ~ 

Read Cycle Waveform For 
Two Devices Cascaded Serially 

TL/D/8676-9 

DEVICE DEVICE 
#1 #2 

~ ~ 
IR ~------~~~~-------------------------

(FULL) 

Q - D #64 

OR- WC 

RC- IR 

Q #1 

RC 

___ ....... ___ ~ ___ #_65 __ --f~ ~ #127 X"'--________________ _ 

~ ~.-----. 
__ ~_J ~S " 

/ ( (EMPTY) 

-/~ ! I }-----

I #2 ~ ~ #64/ X'-__ ......;;#_65 ___ -'X #66 

~ ! J \'---'10-
TL/D/8676-10 
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~National 
D Semiconductor 

PRELIMINARY 

DM75/85X432 128 x 4, DM75/85X433 128 x 5, 
No-Fall-Through FIFO Memories 

General Description 
The device is a first-in-first-out (FIFO) sequential memory 
organized as 128 words by either 4 or 5 bits. Data words 
written into the device are later read from a separate bus in 
the same order as entered but at an independent rate. Write 
and read operations may occur concurrently and at any time 
with respect to each other. The FIFO is a no-fall-through 
(NFT) type in which new input data becomes available for 
output in less time than the minimum write/read cycle peri
od. 

Features 
• 128 x 4/5 bit FIFO memory 
• No fall-through delay (first word propagates to output in 

less than one cycle period) 
• 35 MHz write and 50 MHz read clock frequencies 
• Totally independent asynchronous write and read 

clocks 

• 16 mA TRI-STATE@ data outputs for bus drive 
capability 

Block and Connection Diagrams 

FLAG 

Of-----------------' 

o 

TL/D/9235-1 

• Status outputs indicate full, empty and partially-filled 
conditions 

• 18/20 pin 0.3" wide DIP package 
• TTL I/O signal levels 
• Single + 5V supply 

Applications 
• Data rate translator for computer peripheral controller, 

ego disc, tape, printer, graphic display, etc. 
• Data rate translator for telecommunications or data 

communications controller (including local area net
work) 

• ADC or DAC interface buffer for real-time DSP 
• Real-time data acquisition buffer 
• Variable length shift register for real-time signal delay 
• Variable length pipeline register for multiprocessing, 

DSP, graphics, image analysis, etc. 

Dual-In-Llne Package 

~ 

WC 

F 
FS 
DO 

01 

00 

01 

GNO 

DM75/85X432 

Vee 
RC 

E 
FLAG 
Of 
03 

02 

03 

02 

TL/D/9235-2 

Order Number 
DM75/85X432J or 

DM85X432N 
See NS Package Number 

J18A or N18A 

~ 

WC 

F 
FS 
DO 

01 

DM75/85X433 

FLAG 
Of 
04 

03 

04 

03 

TLlD/9235-3 

Order Number 
DM75/85X433J or 

DM85X433N 
See NS Package Number 

J20Aor N20A 
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Absolute Maximum Ratings 
If Military I Aerospace specified devices are required, Off-State Output Voltage 5.5V 
contact the National Semiconductor Sales Offlcel Storage Temperature - 65°C to + 150°C 
Distributors for availability and specifications. 

ESD Susceptibility (Note 4) To Be Determined 
Supply Voltage, Vee 7V 
Input Voltage 7V 

Electrical Characteristics Over Operating Conditions DM75/DM85X432/433 

Symbol Parameter Conditions 
Guaranteed Limits 

Units 
Min Max 

VIL Low-Level Input Voltage 0.8 V 

VIH High-Level Input Voltage 2 V 

Vie Input Clamp Voltage Vee = Min,ll = -18 mA -1.5 V 

IlL Low-Level Input Current Vee = Max, VI = 0.45V -0.4 mA 

IIH High-Level Input Current Vee = Max, VI = 2.4V 50 p.A 

II Maximum Input Current Vee = Max, VI = 5.5V 1.0 rnA 

VOL Low Level Output Vee = Min, 10L = 16 mA for Q Outputs 
Voltage VIL = 0.8V, 10L = 4 mA for F, 0.5 V 

VIH = 2V E and FLAG Outputs 

VOH High Level Output Vee = Min, 10H = - 2.6 rnA for Q Outputs 
Voltage VIL = 0.8V, 10L = -0.6 mA for F, 2.4 V 

VIH = 2V E and FLAG Outputs 

los Output Short-Circuit Current Vee = Max, Vo = OV -30 -80 mA 
(Note 1) 

10ZH High Voltage Off-State Vee = 5.5V, VOH = 2.7V 
20 p.A 

Output Current 

10ZL Low Voltage Off-State Vee = 5.5V, VOL = 0.4V -20 p.A 
Output Current 

lee Supply Current Vee = Max, Inputs Low, 
265 mA 

Outputs Open 
Note 1: Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Operating Conditions (Note 3) 

Symbol Parameter 
DM75X432/433 DM85X432/433 

Units 
Min Max Min Max 

Vee Supply Voltage 4.5 5.5 4.75 5.25 V 

TA Operating Free-Air Temperature 
-55 +125 0 +70 °C 

(Note 2) 

tWWH WC Pulse Width High 10 ns 

tWWL WC Pulse Width Low 15 ns 

tSDW Input Data Setup 15 ns 

tHDW Input Data Hold Time 0 ns 

tWRH RC Pulse Width High 10 ns 

tWRL RC Pulse Width Low 10 ns 

tWM Master Reset Pulse Width ns 

tRMW Reset Recovery Time ns 

Note 2: Ambient Temperature. 
Note 3: Since the FIFO is a very high speed device, care must be taken in the design of the hardware. Proper device grounding and supply decoupling are crucial to 
the correct operation of the FIFO. 
Note 4: Human body model, 100 pF discharged through a 1.5 kfl resistor. 
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Switching Characteristics Over Operating Conditions 

Symbol Parameter Initial OM75X432/433 OM85X432/433 
Units 

Conditions Min Max Min Max 

fwc Write Frequency 35 MHz 

fRC Read Frequency 35 MHz 

tpRQ RC to Data Output 20 ns 

tpWF WC Rising to FLow 127 Words 15 ns 

tPWE WC Rising to E High Empty 15 ns 

tpRE RC Rising to E Low 1 Word 15 ns 

tpRF RC Rising to F High Full 15 ns 

tPWI WC Rising to FLAG High 20 ns 

tpRI RC Rising to FLAG Low 20 ns 

tSRW RC Rising Before WC Full ns 

tSWR WC Rising Before RC Empty ns 

tpOQ Transparent D to a Empty, WC = Low 30 ns 

tPWQ WCFaliingtoa Empty 30 ns 

tpMF MR to F High Full 30 ns 

tpME MR to E Low 30 ns 

tpMI MR to FLAG Low 30 ns 

tpzx Output Enable 20 ns 

tpxz Output Disable 20 ns 

Pin Description 
Vee +5V supply. FS Flag Setect Input-selects FIFO word-count 

00-03/4 4/5-bit data input bus. threshold for FLAG output (32 if low, 96 if high). 

QO-Q3/44/5-bit data output bus (TRI-STATE non-invert- MR Master Reset Input-resets the FIFO to the 

ed). empty state (internal pOinters reset to zero) while 

WC Write Clock Input-latches in a data word from 
low (level sensitive). 

D-bus on a low-to-high transition (except when OE Output Enable Input-when low, enables output 

FIFO is full). Data enters the memory while WC is on the a data bus; disables when high. 

low. 

RC Read Clock Input-presents next data word onto Standard Test Load 
tOl R1 R2 

a-bus on a low-to-high transition (except when 
FIFO is empty). SI 16mA 3000. 6000. 

E Empty Status Output-goes low when last word 

5V~h 4mA 11000. 22000. 
is read from FIFO (or when FIFO is reset); goes 

Rl high when first word is written into an empty FIFO. Input Pulse Amplitude = 3V 
TEST 

F Full Status Output-goes low when FIFO be- OUTPUT POINT Input Rise and Fall Time (10%-

comes full following a write; goes high when a R2 30 pF 
90%) = 2.S ns 

read cycle creates a vacancy (or when FIFO is 
tpHZ measurement made at VOH 
- O.SV, tpLZ measurement made at 

reset). VOL + O.SV, all other measurements 

FLAG Intermediate Status Flag Output-high while TL/D/9235-4 made at 1.SV. 

FIFO is at least % filled (32 or more words re-
maining in memory) if the FS input is low, or while 
FIFO is at least 3/4 filled (96 or more words) if FS 
is high; otherwise FLAG remains low. 
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Functional Description 
The NFT FIFO is implemented using a 128 X 4/5-bit RAM 
with separate write and read ports. The write port is ad
dressed by the write pointer and the read port by the read 
pointer. While the WC input is low, a data word on the 0 
inputs is written into the write port of the RAM. The write 
pointer (initially zero) is incremented on the rising edge of 
WC, thus concluding a write cycle. 

The RAM contents addressed by the read pointer (also ini
tially zero) are presented on the Q outputs whenever the OE 
input is low (Q bus outputs are disabled when OE is high). 
Thus the first word may appear on the Q outputs as it is 
being written. The rising edge of RC increments the read 
pointer which then accesses the next data word from the 
RAM's read port. (Each pointer automatically wraps around 
from the last to the first RAM location.) 

When the value of the read pointer becomes equal to the 
write pointer due to a read cycle, then the FIFO is empty, ie. 
any data words which had been written have also been 
read. When the value of the write pointer exceeds the read 
pointer by 128 due to a write cycle, then the FIFO is full, ie. 
the next RAM location into which data should be written 
contains the oldest word that has not yet been read. 

The E and F status outputs indicate the empty and full con
ditions, respectively. Initially (following a reset) F is high. 
When WC is brought high at the end of any write cycle, F 
would go low if the FIFO becomes full; otherwise it remains 
high (without glitches). When the FIFO is full, F remains low 

- until a vacant RAM location is made available resulting from 
a read operation (or the Master Reset is activated). F goes 
high after the rising edge of RC which creates the first va
cancy. 

Writing is inhibited while F is low. If WC is brought low while 
F was still low, new data would not begin to be written into 
the RAM until after a read cycle causes F to go high (WC 
must then remain low long enough to complete the write 
cycle). Any low-to-high transitions on WC while F is low are 
ignored (write pointer not incremented). 

Initially (followinig a reset) the E output is low. E remains low 
while the FIFO is empty until the first write cycle is complet
ed. E goes high after the rising edge of WC concluding the 
first write cycle. When RC is brought high at the end of any 
read cycle, E would go low if the FIFO becomes emtpy; 
otherwise it remains high (without glitches). 

Reading is inhibited while E is low. Any low-to-high tran
sitions on RC while E is low are ignored (read pointer not 
incremented). While the FIFO is empty, the Q outputs (if 
enabled) would either be in an indetermined state if WC is 
high, or would reflect 0 input data as it is written into the 
memory if we is low. 
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The FIFO is reset to the empty state (write and read point
ers reset to zero) while the MR input is low. WC and RC 
inputs are ignored and may be in either state during a reset. 
If WC is low following a reset, it should remain low long 
enough to complete the write cycle. 

The FS input selects the waveform to appear on the FLAG 
output. When FS is low, then the FLAG output indicates 
when the FIFO is at least one quarter filled (Le., when the 
write pointer value exceeds the read pointer by at least 32). 
When FS is high, then FLAG indicates when the FIFO is at 
least three quarters filled (write pointer exceeds read point
er by at least 96). The FLAG output remains stable (without 
glitches) except following the write or read cycle which 
changes the FIFO's status with respect to the selected 
threshold. 

It is recommended that the FS input be changed only while 
the FIFO is empty or full. If FS is changed while the FIFO 
contains between 32 and 96 words, the FLAG output may 
not change to reflect the accurate status until a threshold is 
crossed. 

FLAG Output Truth Table: 

# Words Stored 
FLAG Output 

FS = L FS = H 

0-31 L L 
32-95 H L 
96-128 H H 

FIFO buffers wider than 4 or 5 bits can be implemented by 
connecting multiple chips in parallel. The E, F and FLAG 
status information can be taken from anyone of the chips 
since there is no fall-through delay which may otherwise 
cause output skew between chips. 

FIFO buffers deeper than 128 words could also be imple
mented by connecting the 0 and Q lines of multiple devices 
in parallel and alternating the WC and RC clocks between 
each of the devices in turn (the OE input of each device 
must then be connected to its own RC input). For example, 
a 256 x 4/5 FIFO buffer could be implemented using two 
FIFO chips plus a dual Ootype flip-flop (eg. 74S74) as shown 
in the diagram, "External Cascading". Cascading more than 
two devices (depth greater than 256) requires more sophis
ticated logiC to generate the alternating WC and RC clocks; 
registered programmable logic devices may be useful for 
this. Note that when cascading in this manner, there are no 
additional delays introduced. Also, the threshold boundaries 
for the FLAG output are proportional to the number of devic
es cascaded. 
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Functional Description (Continued) 

Reset and Miscellaneous Timing 
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ADVANCE INFORMATION 

NM1002109/NM2109 
256k x 9-Bit Static RAM Module 

General Description 
The NM1002109INM2109 is a hermetic, low profile 2.25 
Mbit fully static asynchronous random access ECl memory 
module organized as 262,144 words by 9 bits. The module 
is based on National's advanced one micron SiCMOS III 
process thus bringing high density CMOS to performance 
driven ECl designs. The module consists of nine hermeti
cally packaged 256 k-bit ECl SRAMs and associated de
coupling chip capacitors surface mounted on a 72-pin multi
layer substrate specifically designed for minimum signal 
skews, cross-talk, and propagation delays. Configured in ei
ther SIMM (lead less) for applications requiring socketing for 
simplified field expansion/replacement or ZIP (leaded) for 
direct through hole mounting, the NM1 0021 09/NM21 09 
combines state of the art performance and memory density 
to satisfy the memory intensive applications of tomorrow. 

The address and control busses for the NM1002109/ 
NM2109 are designed to provide connections at each end 
of the module (as in AO/ AO') to facilitate signal termination 
on the motherboard and shorten/simplify signal routing in 
the user's system. This bus configuration also provides the 
capability to daisy chain more than one module together by 
serially routing the bus signals to the next module. 

Reading the memory is accomplished by taking the select 
(5 or 5') pin lOW while the write enable (W or W') pin 
remains HIGH allowing the memory contents to be dis
played on the output pins (0). The output pins will remain 
inactive (lOW) if either the select (5 or 5') pin is HIGH or 
the write enable (W or W') pin is lOW. 

Writing to the module is accomplished by having the select 
(5 or 5') and the write enable (W or W') pins lOW. Data on 
the input pins will then be written into the memory address 
specified on the address pins (AO-A17 or AO'-A17'). 
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Features 
• 256k x 9 high performance fully asynchronous SRAM 

module 
• Fast TAA, TWC over the commercial temperature range 

(17 ns and 20 ns speed grades) 
• Dual address & control pins for daisy chaining or signal 

termination 
• Access speeds maintained when address and control 

signals are propagated from either end of the module 
• Temperature compensated F100K ECl I/O 
• low noise, controlled impedance (50n) substrate 
• Multiple power/ground connections interspersed be

tween signal pins, and on-board decoupling for each 
device, for improved noise immunity and signal clarity 

• Separate internal power/ground planes for low-induc
tance power connections 

• Hermetic high-rei device packaging 
• Available in SIMM (socket compatible) or ZIP-leaded 

versions 
• Ideal for high speed EDP; super & mini-super computer 

applications 
• low mounting profile for closer board to board spacing 

• NM1002109 
Power supply: -4.2V to -4.BV operation 
Power dissipation: less than B.7W 

• NM2109 
Power supply: -5.2V ±5% operation 
Power dissipation: less than 10W 
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72·Pin SIMM* 

Al 2 1 AO 

A3 4 3 A2 

S 6 5 vee 
7 A4 DO 8 9 00 VEE 10 

W 12 11 A5 
13 A6 A7 14 15 vee 

A8 16 17 A9 
Al0 18 19 All vee 20 21 A12 A13 22 23 02 01 24 25 vee 
02 26 27 01 A14 28 29 A15 

VEE 30 31 A16 A17 32 33 vee 
04 34 35 04 
03 36 

06 38 37 03 
39 06 vee 40 41 05 05 42 43 VEE 

A7' 44 45 A4' AI' 46 47 AO' vee 48 49 A3' 
A2' 50 51 A6' 
08 52 53 vee 08 54 55 W' 07 56 57 07 vee 58 59 A12' All' 60 61 S' A17' 62 63 VEE A16' 64 65 A15' 

Al0' 66 67 A13' vee 68 69 A14' AS' 70 71 A9' A8' 72 
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Top View 

"For most current package Information, contact product marketing. 

Functional Block Diagram 
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A8 
A9 

Al0 
All 
A12 
A13 
A14 
A15 
A16 
A17 

AO' 
AI' 
A2' 
A3' 
A4' 
AS' 
A6' 
A7' 
A8' 
A9' 
Al0' 
All' 
A12' 
A13' 
AU' 
A15' 
A16' 
All' 

------~_+-+--__ ~~~~~+_~~~~--~~------s 
------__ --r-.-~~+-._~~~~~.__r~------~------W' 
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Absolute Maximum Ratings AC Test Conditions 
Above which useful life may be impaired Input Pulse Levels Figure 1 
If Military/Aerospace specified devices are required, Input Rise and Fall Times 0.7 ns 
contact the National Semiconductor Sales Office/ 

Output Timing Referrence Levels 50% of Input 
Distributors for availability and specifications. 

Storage Temperature - 65·C to + 150·C 
AC Test Circuit Figure 2 

VEE Pin Potential to Ground Pin -7.0V to + 0.5V 
This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields howev-

Input Voltage (DC) VEE to +0.5V er, it is advised that normal precautions be taken to avoid 
Static Discharge Voltage applications of any voltage higher than maximum rated volt-

(Per MIL-STD 883) >2001V ages to this high-impedance circuit. 

Maximum Junction Temperature (TJ) + 150·C 

Output Current (DC Output HIGH) -50mA 

Latch-Up Current >200 mA 

Vee 
J 

~-O'9V 

~ 50% 
20r. 20% -t.7V Nt.410021 09/ ~ Q 

trl-- _tf 
Nt.42109 IeL f'L tr = Rise Time TL/D/9752-3 

tf = Fall Time - -2.0V 
50% = Timing Reference Levels 

FIGURE 1. Input Levels 

O,,~,£t CL = 3 pF (including Scope 
and Jig) 

-= VEE RL = 50n 

TL/D/9752-4 

FIGURE 2. AC Test Circuit 

DC Electrical Characteristics NM1002109:VEE = -4.2Vto -4.8V, Vee = Ground, Te = o·eto +85·C 

NM2109: VEE = -5.2V ±5%, Vee = Ground, Te = O·C to +85·C 

Symbol Parameter Conditions Min Max Units 

VOH Output HIGH Voltage VIN = VIH(Max) or VIH(Max), -1025 -880 mV 

VOL Output LOW Voltage Loading with 50n to - 2.0V -1810 -1620 mV 

VOHe Output HIGH Voltage VIN = VIH(Min) or VIH(Min), -1025 mV 

VOLe Output LOW Voltage Loading with 50n to - 2.0V -1620 mV 

VIH Input HIGH Voltage -1165 -880 mV 

VIL Input LOW Voltage -1810 -1475 mV 

IIH Input HIGH Current VIN = VIH(Max) 2.0 mA 

IlL Input LOW Current VIN = VIL(Min) -0.450 1.550 mA 

lEE Power Supply Current to = 50 MHz -1.800 A 

All voltages are referenced to Vee pin = ov. 

Capacitance Truth Table 
Symbol Parameter Max Units S W Ox ax Mode 

CINA Address Input Pins TBD pF H X X L Not Selected 

CINW Write Enable Pins TBD pF L L L L Write "0" 

CINS Select Pins TBD pF L L H L Write "1" 

CINO Data Input Pins TBD pF L H X Q Read 

COUT Data Output Pins TBD pF 
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Read Cycles 
AC Timing Characteristics* NM1002109:VEE = -4.2Vto -4.8V, Vee = Ground, Te = OOGto +85°G 

NM2109: VEE = -5.2V ±5%, Vee = Ground, Te = OOG to +85°G 

Symbol 
NM1002109-17 NM1002109-20 

No. Parameter NM2109-17 NM2109-20 Units 

Std. Alt. Min Max Min Max 

1 TAVAX TRG Address Valid to Address Invalid 17 20 ns 

2 TAVQV TAA Address Valid to Output Valid 17 20 ns 

3 TAXQX TOH Address Invalid to Output Invalid 3 3 ns 

4 TSLSH TRG Select LOW to Select HIGH 7 7 ns 

5 TSLQV TAGS Select LOW to Output Valid 7 7 ns 

6 TSHQL TRGS Select HIGH to Output LOW 6 6 ns 

·AII timings measured to 50% levels. 

Reaq Cycle 1 
Where S is active prior to or within T AVQV - TSLQV after address valid. 

TAVAX (1) 

A (ADDRESS) XXXXX ADDRESS VALID xxxxxxxxxx 

TAvav (2) 
TAxax (3) 

I .1- __ 
a (DATA OUT) X X X X X X X X X X X X (PREVIOUS DATA)XXX X x x x x x x x x X DATA VALID XXXXX 

I I 
TlID/9752-14 

Read Cycle 2 
Where address is valid a minimum of T AVQV - TSLQV prior to S becoming active. 

i 
TSLSH (4) 

tHOL ('») 
S (CHIP SELECT) 

TSLav (5) 

~ a (DATA OUT) DATA VALID 

TlID/9752-15 
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Write Cycle 1 
This write cycle is W controlled, where S is active (LOW) prior to W becoming active (LOW). In this write cycle the data out (Q) 
may become active and requires observance of TWLQL to avoid data bus contention in common 1/0 applications. At the end of 
the write cycle the data out may become active if W becomes inactive (HIGH) prior to S becoming inactive (HIGH). 

AC Timing Characteristics* NM1002109:VEE = -4.2Vto -4.8V, Vee = Ground, Te = O°Cto +85°C 

NM2109: VEE = -5.2V ±5%, Vee = Ground, Te = O°C to +85°C 

Symbol 
NM1002109-17 NM1002109-20 

No. Parameter NM2109-17 NM2109-20 Units 

Std. Alt. Min Max Min Max 

1 TAVAX TWC Address Valid to Address Invalid 17 20 ns 

7 TWLSH Write Enable LOW to Select HIGH 10 12 ns 

8 TWHAX TWHA Write HIGH to Address Don't Care 0 3 ns 

9 TWLWH TW Write LOW to Write HIGH 10 12 ns 

10 TAVWL TWSA Address Valid to Write LOW 0 2 ns 

11 TDVWH Data Valid to Write HIGH 10 14 ns 

12 TWHDX TWHD Write HIGH to Data Don't Care 2 5 ns 

13 TWLQL TWS Write LOW to Output LOW 7 7 ns 

14 TWHQV TWR Write HIGH to Output Valid 17 20 ns 

"All timings measured to 50% levels. 

TAVAX (1) 
--

A (ADDRESS) X>OC ADDRESS VALID 

TWLSH (7) 
I 

S (CHIP SELECT) \ \ \ l\ \ \\ II/, '111111 
TWLWH (9) TWHAX (8) 

Vi (WRITE ENABLE) \ \ \ l\\\\\\\~ '11111111111 
~TAVWL (10)- t==roVWH (11)--:: 

~TWHDX (12) 

o (DATA IN) XXXXXXXXXXX XXXXXXXXXX DATA VALID I xxxxxxxxx 
I 

~TWLOL (13)~ 

o (DATA OUT) 8888888:p~~I~U~: €Att~8XX8C 
-TWHOV (14)}//// 

TL/D/9752-16 
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Write Cycle 2 
This write cycle is S controlled, where W is active prior to, or coincident with, S becoming active (LOW). Write cycle 2 has 
identical specifications to write cycle I with the exceptions of Wand S being interchanged. This write cycle may be more 
convenient for common lID applications because data bus restrictions are alleviated. 

AC Timing Characteristics* NM1002109: VEE = -4.2Vto -4.8V, Vee = Ground, Te = O·Cto +8S·C 

NM2109: VEE = -S.2V ±S%, Vee = Ground, Te = O·C to +8S·C 

Symbol 
NM1002109-17 NM1002109-20 

No. Parameter NM2109-17 NM2109-20 Units 

Std. Alt. Min Max Min Max 

15 TAVSL TWSA Address Valid to Select LOW 0 2 ns 

16 TSLSH Select LOW to Select HIGH 10 12 ns 

17 TSHAX TWHA Select HIGH to Address Don't Care 0 3 ns 

18 . TSLWH Select LOW to Write Enable HIGH 10 12 ns 

19 TDVSH Data Valid to Select HIGH 10 14 ns 

20 TSHDX TWHD Select HIGH to Data Don't Care 2 S ns 

"All timings measured to 50% levels. 

TAVAX (1) 

A (ADDRESS) XXX ADDRESS VALID xxxxxXX 

TAVSL (15) TSLSH (16) 

S (CHIP SELECT) 'III /1111111 
TSLWH (18) 

- TSHAX (17) 

Vi (WRITE ENABLE) ~ ~/IIIIIII 

10VSH (19)-== ~TSHDX (20) 

, (DATA IN) XXXXXXXXXXXXXXXXX&&&&Kf= DATA VAll' - YxxM&xx . 

Q (DATA OUT) 
LOW LOW 

TL/O/97S2-17 
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Propagation Delays 

AC Timing Characteristics: NM1002109: VEE = -4.2Vto -4.8V, Vee = Ground, Te = O°Cto + 85°C 

NM2109: VEE = -5.2V ±5%, Te = O°C to + 85°C, Vee = Ground 

No. 
Symbol 

Std. Alt. 

21 TAXAX TPDA 

22 TWXWX TPDW 

23 TSXSX TPDS 

Parameter 
NM1002109-17 

Min Max 

Propagation Delay (Address Bus) 

Propagation Delay (Write Enable) 

Propagation Delay (Select) 

A' n 

Address Bus Delays 

WRITE Line Delays 

INPUT ON Vi 

SELECT Line Delays 

INPUT ON 5 

7-9 

2 

2 

2 

INPUT ON An' 

NM1002109-20 

Min Max 

2 

2 

2 

TL/D/9752-5 

TL/D/9752-7 

TL/D/9752-6 . 

z s: ..... 
0 
0 
I\) ..... 
0 
co 
........ 
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AC Timing Characteristics: Consecutive Write Cycles . 

NM1002109: Te = O°C to + 85°C, VEE = -4.2V to - 4.8V, Vee = Ground 
NM2109: VEE = -5.2V ±5%, Te = O°C to + 85°C, Vee = Ground 

Symbol 
NM1002109-17 NM1002109-20 

No. Parameter NM2109-17 NM2109-20 Units 

Std. All. Min Max Min Max 

24 TWHWL TWP Write Enable HIGH to Write Enable LOW 5 5 ns 

25 TSHSL TSP Select HIGH to Select LOW 5 5 ns 

Consecutive Write Cycles 
Minimum Write Pulse Disable 

A (ADDRESS) ~ 

--------------------- ~ ~-------------------Vi (WRITE ENABLE) ._ 

TL/D/9752-8 

Minimum Select Pulse Disable 

A (ADDRESS) ~ 

---------------------- ~ ----------------------S ( SELECT) •• 

Standard Timing Parameter Abbreviations 

TXXXX 
5I,oa' oa ....... oh"h ,.t."", ,. d.fl.", ----.l J I] 

Transition direction for first signal 
Signal name to which Interval Is defined 

Transition direction for second signal 

The transition definitions used in this data sheet are: 

H = Transition to HIGH State 
L = Transition to LOW State 
V = Transition to Valid State 
X = Transition to Invalid or Don't Care Condition 

TL/D/9752-10 

TL/D/9752-9 

TIMING EXPLANATIONS 

The AC Operating Conditions and Characteristics tables 
typically show either a minimum or maximum limit for a de
vice parameter. Those timing parameters which show a min
imum value do so because the system must supply at least 
that much time, even though most devices do not need the 
full amount. Thus, input requirements are specified from the 
external point of view. In contrast, responses from the mem
ory devices (Le., access times) are specified as a maximum 
time because the device will never provide the data later 
than this stated value, and usually, much sooner. 

xxxxxxxxx 
\\\\\\\\ 
IIV/111 

Invalid or don't care condition 

Transition from high to low 
can occur during this period 

Transition from low to high 
can occur during this period 

TL/D/9752-11 
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Physical Dimensions inches (millimeters) 

1------------4.250-----------+1 
1+------------3.984----------.j 

00000 
FRONT VIEW 

BACK VIEW 

NM1002109/NM2109 Package Dimensions 
(72-Pin SIMM Version)· 

FRONT VIEW 

J
O.290 

..£0.244 

0.050 

¢0.12S 

SIDE VIEW 

TL/D/9752-12 

SIDE VIEW 

1+1---------- 4.050 ------------1 

~,..---:.D=--D=--D=--D=--D=---;---.--+--s:n-""=[~~ 
.,"~ j017 

(0.062) PIN " 

0.050 (0.040) =ri(0.093) ~ 
OOOOor:OOO~OO~O~O~O~07_~O~OOO~oooooooooooo~--1 
00000000000000000 000000000000000000 

o 0 

(2X) 1.750 0.250 ~ ~ 
REF. 

SUGGESTED PCB HOLE PATTERN 
(0.062 AND 0.093 DIA. HOLES ARE REOUIRED FOR SIIolIol VERSION ONLY.) 

NM1002109/NM2109 Package Dimensions 
(72-Pin ZIP Version)· 

"For most current package information, contact product marketing. 
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0.290 -0.310 
U(7.366-7.874) 

~ ,'".-"" ljl- (0:229-0.305) 

0.287 -0.340 
(7.290 -8.636) 

I 
0.045 -0.055 

-(1.143-1.397) 

~MIN 4 x (0.127) 

NS Package 0220 

o IOGtO.OI0 .1 
(2:5~~:.2541 

PIN NO. 1 
IDENTIFICATION 
ON BRAZE PAD 

(OPTIONAL) 

NS Package 0240 
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0.265 -0.275 
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°iii 
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CD 
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MAX 

LI==i=~ 
I I 
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(2.540±0.127) 

-.11 0.016-0.020 
j.- (0.406-0.508) 

0.150 
(3.810) 

MIN 

~~Rn (0.635) 

II 0.484 -0.496 
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~U 
~I:~~l~ 

TYP 
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t 
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NS Package D24H 
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0.200 
~---l~- (5.080) 

NS Package E22A 

8-4 

TYP 

0.125 -0.200 
(3.175 -5.080) 

024HIREVc) 

j L ,.'" -,.'" 
(1.524-1.727) 

E22AIREV0) 



EJ~NO.' n 
0.395-0.408 0' 36

1 

0.404 

f4---(10.26)----j 

SQ~I 

D 
TOP 

VIEW 

LEAD NO.1 

NS Package E24B 

BOTTOM 
VIEW 

NS Package E28A 

8-5 

f 
0.050 

(1.270) 
TYP 

-j r O

.

075 

I (~:) 

~--=r, .... 
-=rml 

O.OSHO.D03 I I 
(1.448±O.076)-.J f.-

E24BIAEV01 

0.065-0.076 r- (1.651-1.930) 

SIDE 
VIEW 

E28A(AEV C) 



0.020 
45° x (0.508) 

0.025 
(0.635) 

RAD 

BOTTOM VIEW 

NS Package E28B 

0.005--J r-
0290-0.320 I-- (0.127) .1t '~~~~Fi=r=tn[fl=l ~ o ~:3 .. -,.I"l I MIN ~ 

,t; ~I::~:=:~~J I~ 
I O.~O-O.'1D I-- BOTH ---l (7.874 -10.41) ENDS 

NS Package J16A 

L 
SIDE VIEW 



0.180 
(4.572) 

MAX 

~RADMAX 
(0.508) 

0.290-0.320 1 (7.366-B.12B)I 

t 
0.310 

(7.B74) MAX 

"'r:'T"T-:T'T':'T"T':"T'"~:"T""'r.:"T'"T":"T"'r.':T""-U 
J!:.!!!!tMIN-
(0.127) 

..!!1QQ.. MAX 
(5.OBo) 

r:~GLASS SEALANT-.......... 

O.lBO til 0.OOB-0.012 I 

(~~) 950±~ (0.203-0.305) 

I L 
86°94° 

0.020-0.060 
(0.5OB -1.524) 

0.125-0.200 
(3.175-5.oBO) 

_ 0.310 - 0.410 TYP 
(7.B74 -10.41) 

GLASS SEALANT 

0.008-0.012 
(0.203 - 0.305) 

L 0.100±0.010 TYP Lj 
(2.540 ± 0.254) 

0.01B±0.003 TYP
(0.457±0.076) 

NS Package J18A 

0.985 
~------(25.019) -------;~ 

0.100±0.010 
(2.54o±0.254) 

NS Package J20A 

8-7 

MAX 

0.055±0.005 
(1.397±0.127) 

0.018±0.003 _~II~ 
(0.457±0.076) II 

J18A(REVL) 

0.200 
(5.0BO) 

MAX 

0.125-0.200 
(3.175 - 5.080) 

+ 

J20A (REV MI 

• 



tn 
C 
o 

"en c 
CD 
E 
is 
10 
u 

"en 
>.c 
D. 

95° ±5° 

0.025 
(0.635) 

RAD 

0.025 
(0.635) 

RAD 

/0.762 -1.397) 
RAD TVP 

0.005 

1.110 I ~------(2B.19)-------·~ 0.420 MAX 

MAX tt lillO
'''''''''' 

0.400 
(10.16) 

~~~~~~~~~~~~~~~rT.~~ 

~ ~ 
0.100±0.010 

(2.540 ±0.254) 
TYP 

NS Package J22A 

0.225 
(5.715) 

~=L D.om-D.~ 
~ ID.50.-tn.) 

~~ 
0.125 

(3.175) 
MIN 

0.018±0.003 
(0.457 ±0.076) 

J22AIAEVGJ 

~--------(32.766)---------~·~ (15.240) 
1.290 I 0.600 

MAX fMAX 

IGL~ 

0.514-0.526 ----

1'~r-r:"'T""'I":"'T-r:'T""'l""!'T'~T"'T':"T'"T":"'lr-r:~~-r::~:-::r"'" 113.,,1' "61 

~ 
0.590-0.620 ~ 

j!J. "UTi "'1 ~ IO.~~ , 

95 5 0.008-0.012 

·D.'" : 1O."'-D.30'1 J 
I 0.685 -0.060 _ I 0.098 

---( +0.635)·~ /2.489) 
17.40 -1.524 MAX 

NS Package J24A 

8-8 

0.125-0.200 
/3.175-5.080) 

MIN 

0.150 
(3.810) 

MIN 

J~.A(REV HI 



0.180 
iW2i 

(14.98&-15.748)-

0.025 
(0.635) 

RAD 

0.030 - 0.055 
(D. 762 -1.397) 

RADTYP 

M~AX 0.590-0.620 I f!J- II (.~,:" r: . ...:: +,M. !:\--::::.::,J 
r-- ~~.=: -I ~ 

(17.40 -1:524) (1.52~r540) f-~I 
(2.540±0.254) -1 

NS Pack~age J24AQ 

0.225 
(5.175) 

MAX 

0.560 
(14.22) 

MAX GLASS 

~~.070 
~m' 

0.125 
(3.175) 

MIN 

MAX .. 0.030 -0.055 

1.290 
(32.77)1-----------------1 

r ....... ..J,.:;::~!!J.~u...lm.l!J!JJ~JiTI.J[illJIll..illlWln..3 ~ (0.762 -1.397) RAO TYP 

t 
0.280 

(7.112) MAX 

1IT1IIWTIJ-rwfsr""T'7'T"T"':""I""'::"T"_U 

L 
0.175 r;;~;::;~::~==:::===+~===,-=J~------L 

(4.445) l= 0.225 
(5.715) 

MAX MAX 

~~. TYP 

0.095 MAX 

(2.413) :~~~ 

t f 

II
~ 0.020-0.060 

0.018±0.003 T (0.508-1.524) 
(0.457±0.076)_'- 0.125 

TYP (3.175) MIN 

NS Package J24CQ 

8-9 

_I 0.290-0.320 I 
(7.366-8.128) -

~ 95' ±5' 0.008-0.012 

,

_____ _ '-(0.203-0.305) TYP 

.- 0.310-0.410 , 
(7.874-10.41)-" 

J2.CQ (REV AI 

"tJ 
::r 
'< en 
n' 
e!-
O 
3' 
m 
::s en 
0' 
::s 
en 



en c o 
'iii 
c 
Q) 

E 
is 
'iij 
u 
'~ 
.c 
Q. 

0.025 
(0.635) 

RAD 

8.025 
(0.1315) RAD 

... -------1.215-------.... ·~1 (30.86) 
MAX 0.030-0.055 

I /'" (0.762 -1.397) 
y-- RADTYP 

~~~~~~;-r 

1.280 
1~-----------(l2.77)MAX 

0.370 
(9.398) 

MAX 

0.225 
(5.715) 

MAX 

-=err 
~~ 0.125 

0.018±0.003 (3.175) 
(0.457±O.076) MIN 

TYP 

NS Package J24E 

0.OlO-0.OS5 
(0.762-1.397) 
RADTVP 

0.008 -0.012 
(0.203-0.305) 

TVP 

0.060 ±D.OOS 
(1.524 ±D.127) TVP 1 

0.290-0.l20 
~ (7.l66-8.128) --
(0.508-1.778) 

~I 
(2.&4 ±O.2&4)-l 

TVP 

NS Package J24F 

8-10 

~ I .... -a." ~~---~ ~ ~;:3-0.305) 
0.310-0.410 

(7.874-10.411 

J24FIREVGI 



o 685 + 0.025 ~ . -0.060_ 

(17 40 + 0.635) 
. -1.524 

~--(0.203-0.381) 
TVP 

(14.99-15.75) 

~ 11 ..... --------1.290-------
(15.42) (32.77) MUj MU 

0.577 ± 0.006 0.025 

T~ 
0.030 - 0.055 
~ 

RAO TVP 

0.098 _ 

(2.489) 
MAX 

-~ (0.127) 
MIN 

NS Package J24G 

0.150 
(3.110) 

86" 94' MIN 

-TVP~ 

~ 

I I 
- 0.055±0.OO5 

_ 0.10ot 0.010 0.018±0.OO3 
~ - -(0.457±0.076) 

TVP TYP 

TYP 

J240IHl:VYI 

-------- 1.490 _________ .... 1 

(37.85) 

0.030 - 0.055 
(0.762 -1.397) 

RAO TYP 

MAX I 

-~~~~~~~~~~~~~~~~10~-11~1~1 
(.,1 .. _---0.745~ 

(18.92) 

p,...! I \~(t~:) 

~_(1:·::5 :::~~~)_I 
I-~-I 0020-0070 

~ , 

. -1.524 

--~ (0.203 - 0.305) ~(1.524 - 2.540) 
TYP J28A·Q IREV B) 

NS Package J28AQ 

8-11 • 



en c 
o 
'iii 
c 
Q) 

E 
C 
"ii 
u 
.~ 

.c 
Q. 

0.175 
(4.445) 

MAX 
_ 0.590-0.620 

(14.986-15.748) 

4----------(!2~~~)----------.t 
MAX 

0.585 
(14.86) 

~~~~1I 
~~' 
(0.762-1.397) 0.055±0.005 -+-

RAD TYP (1.397±0.127) 

1-

NS Package J32AQ 

0.018 ±0.003 II 
(0.457 ± 0.076) ~ I--

f--__________ I:;O~~I------------I 

0.025 
-RAD 
10.8351 

0.030-8.055 
10.162-1.3911 

RAO TYP 

NS Package J40AQ 

8·12 

MAX 

Ol80±0.0D4 

11.112>0.1021 
UVWINDOW 

J32,AO (REV A. 



r. (::~~=~::~) 1 
r~ " ~I 

::T~S: : :1 
LEAD NO.1 1 2 3 4 

!DENT 

-I (~:~~~=~:!~) r _I 0.017 - iD.4m 0'-8' 
x45' TYP 

~cD ( ) ~---.-:lLEADS 
~.004-0.102 It 
~ 

~ AU LEAD TIPS ~ 
(0.178 -0.254) (0.508 -1.270) 
TYP ALL LEADS TYP AU LEADS 

t 
0.024 -0.031 

(0.610-0.787) 

0.053-0.089 0020 
(1.346-1.753) (0508) l r-

t I ~::~.~~) 
~HHHa • 

!:] LJeJ-0.019 
(1.270) ~ 

TYP 

NS Package MOSA 

0.150-0.158 

=1 
(3.810-4.013) -

0.017 r (0.432) 0°_8° 

x45° TYP ALL LEADS 

LdJF )(S + 

t 1 J 1-=-== 0.007-0.010 t 
(0.178-0.254) _ 0.020-0.050 

TYP 0.004 (0.508 -1.270) 
(0.102) TYP ALL LEADS 

ALL LEAD TIPS 

0.336 - 0.344 r, (1.534-8.138,-

_I !' 13 12 11 1D 9 • 

0.228 -0.244 

1

5

.

n

T'§: J;I :;1 ::::;:2::;::::;::::;:::;:;;:::;:;:::;::;:::;::;3 

0.020 1_ 
(0.508) 

0.024-0.031 0.053-0.069 
(0.610-0.787) (1.346-1.753) 0.004-0.010 

(0.102 -0.254) i i 
t 

G u::a:a:::B] AFTER LEAD FINISH 

~'~ 

1000 J I J [:L~9 
(1.270) - (0.356-0.483) 

TYP TYP 

M1'AtREV FI 

NS Package M 14A 

8-13 

"0 
::r 
~ 
5' 
e!
O 
3' 
m 
::::s en 
0' 
::::s en 

• 



en c o 
'iii 
c 
CI) 

E 
is 
1j 
'~ 
.c 
Q. 

r (~::~ =~::=)} 
0.017 

(0.432)1 
0.009 -0.013 x 45' 

(0'229_0'330)~ 
L 0'-8° 

t 'o. d~:AllLW' 
(D.ii2i (0.762 -1.270) 

ALL LEAD TVP ALL LEADS 
TIPS 

14 13 12 11 10 ~ 81 rl
.-(::~::=~:~::) ~ 

0.394-0.419 
(10.01-10.64) 

LEAD NO. 1 -----!!~ 

10ENT ---r.v~~~~;;;;;F~~ 

.!!.:!!ll.~ 
(0.688) 

0.093-0.104 
(2.362 - 2.642) 

0.004-0.012 

t 
0.037 - 0.044 

(0.940-1.118) 

t 

~L.,~tf.j~~:. 
(1.270) (0.356-0.483) 

TVP TYP 

MI48CREVC) 

NS Package M14B 

-I (~.~~~=:~~) 1--,_.!.!!!. 
(~!~~) 0;;;' 

I E3 ALL LEADS 

-'--d)_IS + 

0.D07e t J L 0 02fu 050 
(0.178-0254) I (0.508-1.270) 
TVP ALL LEADS 0.004 TYP ALL LEADS 

(0.102) 
ALL LEAD TIPS 

0.053 -0.069 
~ 

+ 
t 

0.024-0.031 
(D.iiH.7i7i 

0.004-D.Ol0 
~ 

~ H H H H H H H ~AFTERLrFINISH 

'=1 1- (~:~~~) _II=;J=~~:~) 
TVP TVP 

NS Package M 16A 

8-14 



0.092 
(2.337) DIA 

PIN NO. 1IDENT 

0.130±0.005 
(3.302± 0.127) 

0.125-0.140 
(3.175-3.556) 

0.009-0.015 jl-4-
(0.229-0.381) 

0.325 ~ ~:~~~ 
(8 255 + 1.016) 

tOO ±40 

TYP 
0.018±0.OO3 

(0.457 ±D.076) 
0.100±0.010 

95 0 15 0 

. -0.381 

0.092 
(2.337) 

DIA NOM 
(2X) 

0.045±0.015 
(1.143±0.381) ~

(2'540 ±0.254) 

0.060 
(1.524) 

NS Package NOSE 

I· ·1 
0.325 ~~:~~ 

0.009-0.015 tJ 
(0.229-0.3811 

0.075 ±O.O 15 

(1.905 ±0.3811 I-- J 
(8255 +1.016) 

. -0.381 

0.100 ±0.010 
(2.540 10.254) 

NS Package N 16A 

8-15 

0.032±0.005 ~7 
(0.813 ± 0.127) 

RAD 

PIN NO. lIDENT~ 

1 

0.145 -0.200 
(3.683 - 5.080) 

0.020 
(0.508) 

MIN 

OPTION 2 

NOSE (REV FI 

N16A(REV EI 

• 



o r-------------------------------------------------------------------------------~ 
C 
o 
'iii 
c 
CD 
E 
is 
ca 
u 
'en 
>.c 
D. 

0.743-0.780 
~-----(la.87-19.81)----~~ 

~ 
0'280~ (7.112) 
MIN 0.030 

0.300-0.320 (0.762) 

I 
?"-•. ,:~ "f 0.065 

(1.651) 

~ 6
'--..1 

95·±5· ,--
0.009 - 0.015 

(0.229 - 0.381) 

0.030±0.015 032$~:: t''''±O''..J ~ J 
( 

+1016) 0.100±0.010 
8.255 -0:381 (2.540 ±0.254) 

TYP 

~ TYP 

~~ 
0.125-0.140 

0.018 ± 0.003 (3.175-3.556) 
(0.457±0.076) MIN 

NS Package N16E 

~~514 (0.813±0.127) 
R 

PIN NO.1IDENT~ 

1 2 

OPTION 2 

• 0.020 
(0.508) 

MIN 

N1eE(REVE) 

0.092 0.030 -- x--
(2.ll6) (0.762) 

NOM MAX 

0.843-0.870 -:-:J 
(21.41-22.10) 

15 14 13 12 11 0 

DEEP (2 PLCS) 

~
0'280~ (7.1121 
MIN 

0.lOO-0.320 

I ;~O-:'; I 

~ 
I· ·1 

0.l25 ~:~~ 
'8.255 +1.016) 
~ -0.381 

• 0.250 ±0.005 
(6.350 ±0.1271 

~~~~~~~~ 

1 0.025 ±0.015 

(0.6l5 ±0.l811 I-- J 
0.100 ±0.01D 

(2.540 ±0.2541 
TYP 

I_" 0.018 ±O.DOl 

~ I-IOA'''..,&I 

NS Package N 18A 

8·16 

(0.5081 
0.125-0.140 ' MIN 

(l.175-l.5561 

N18A (REV E) 



r------------------------------------------------------------------------------------, ~ 

0.325 ~~:~~ 
f8.255 +1.016) 
~ -0.381 

0.092 X 0.030 
(2.337 X 0.762) 

MAX DP 

PIN NO. llDENT 

1.013-1.040 ::::1 
(25.73-26.42) 

17 18 15 14 13 12 11 --r 
0.260 ±0.005 

RAD 

(6.604 ±0.127) 

~~~~~~~~~ 

0'032±0'005~O 1. 
(0.81310.127) 

PIN NO.lI0ENT~ 

0.065 
(1.651) 

0.130 
(3.302 

~M-~~~~~M-~~~~ 

0'009_0'01~J 
(0.229-0.381) 
TYP 

0.060 to.005 
(1.524tO.121) 

0.062 
RAD (1.515) 

PIN NO.1 
IDENT 

NS Package N20A 

- 900 tO.004° t 

0.125-0.140 
(3.115-3.556) 

t 
0.020 

(0.508) 
MIN 

1.093-1.120 ----I 
(27.76-28.45) 1 1m fii1 rm rrnl 

19 18 17 16 15 14 13 12 I 
0.350 iO.005 

(8.890 ±0.127) 

~~;::;::;;::=;:;~~~-.-l 

OPTION 2 

N20A(REVGI 

0.400-0.420 
(10.160-10.668) 

0.009-0.015 J 
(0.229-0.381) 

1-..' 
0.050 iO.015 

(1.270 iO.3811 (2.540 iO.254) (0.457 iO.076) 

N22A(REVD) 

NS Package N22A 

8-17 

::T 
'< en 

~ 
C 
3· 
CD 
::l en o· 
::l en 



en c 
o 
'iii 
c 
CD 
E 
is 
1j 
'~ 
.c 
D. 

7' 

1
- I~ --4 (1I.14UO.38I) 

----.~ (0.mtO.0251 

IS'd' 

O.8Z8~::~: _I 
~(15 171 +0.135)---' 

. -0.381 

0.082 
(1.&7&) 

RAD 

PIN NO. 110ENT 

~:f.1( : : : : : : : : : ]I 
I.. 1.09UO.007 1 

. (27.69±0.1781- "I 

0.100 
(2.5401 

NS Package N22B 

0.060 
(1.5241 

1-------(~;~:~=~:~:)·-------<.~I 
13 

.1 
1-. 

-~ (0.813) 

11 (±) (±) I 0.540 to.005 

~~~~~~~~~~~~~~~~~~! ::r:"'UI 
I I 

DOTTED OUTLINES 
REFLECT ALTERNATE 

MOLDED BODY CONFIGURATION 

0.030 

N24A(AEYE) 

NS Package N24A 

8·18 



0.009-0.015 
(0.229-0.381) 

0.325 ~ ~:~~~ 
18255 +1.016) 
~ . -0.381 

t .1 

-~ 10.203-0.381) 

0.300-0.400 
17.620-10.16) 

0.092 
(2.337) 
(2 PLS) 

NS Package N24C 

! 
0.260 ± 0.005 
(6.604±0.127) 

~ 

N24C(REV FI 

,:[1[:::::::::] 
I. 1.250-1.270 I 

NS Package N24D 

8-19 

131.75-32.26) • 

0.040-0.0.65_ 
11.016-1.651) 

" ::T 
'< en 

~ 
C 
3' 
m 
::s en 
0' 
::s en 

• 



tn 
C 
o 

"Ci) 
c 
G,) 

E 
C 
'is 
CJ 

"Ci) 
>.c 
c.. 

0.580 
(14.73) MIN =:j 

0.625 + 0.025 _ -0.015 

(1588 +0.635) 
. -0.381 

4 SPACES AT 
0.050 

(1.270) 

1

13 .. 

NS Package N28B 

0.226 
(5.740) 

NOM 
SQUARE 

0.080 
(2.032) 

DlA NOM 
PEDESTAL 

• 0.005-0.015 jt====~F===irfm1E~ffE~acI=-
0.032 - 0.040 

(0.127 - 0.381) 4-~- ""(0~.8~1~3 --1;;';'.0~1~6) 

PIN NO.1 
IDENT 0.385 - 0.395 

(9.779 -1 0.03) 
SQUARE 

0.165-0.180 
(4.191-4.572) 

NS Package V20A 

8-20 

0.125-0.145 
(3.175 - 3.683) 

N28B(REVE) 

0.04if5 (1.143) 
x45° 

~ 
15 0 VIEW A-A 

V20A(REV J) 



6 SPACES AT r 
0.050 

l (1.270) ~ r'r (3.302) 

15 I" 1 PEi~~AL 

o o5o-o.oBo ~ I 
(1.270-2.032) 

0.004-0.006 -tll't 
(0.102-0.152) IIII 

0.165-0.180 
(4 191-4.572) 

. t t 

t f 0.104-0.118 
(2.642-2.997) 

NS Package V28A 

0.007 - 0.018 
(0.178 - 0.457) 

PIN NO.1 
IDENT 

8-21 

W16A(REVE) 

VIEWA·A 

~ ~-lt::: 
(1.143) 
x45' 

V28A(AEVG) 

o.loo 
(7.620) 
MAX 
GLASS 

• 



o r---------------------------------------------------------------------------------------~ 
C 
o 
'iii 
c 
CD 
E 
i:3 
C;; 
(,) 

'iii 
>.c 
a. 

-
0.030-0.040 ~ 

(0.762-1.016) 

r- r-

. .. 
0.250 -0.360 

(6.350 - 9.144) 
TYP 

PIN NO.1 

0.370 
(9.398) 

MIN SQUARE 

~. .-
0.250-0.360 

(6.350-9.144) 
TYP 

IDENT\ ,...u....u...L.&..I.L...I.L...L.L.....1 

i::::::===~124 23222120 19181======:::l 

17t====:::l 
16t====:::l 
151====::::J 
141====::::J 

7 8 9 10111213 F====::::=l 

0.075 

l!(1.905) 
I 8 PlCS 

.,,;0;;..::.0716:---:0;;..::.0718:,._-t-I~1~ I_~ MAX 
(0.40;y~.457) ~ I~ __ +_ 0.050 ± 0.005 

(1.270±0.127) 

~~-.. TYP 
(10.16) 

SQUARE MAX 
GLASS 

t /1l 
OPTIONAL/ / ~ 

PIN #1 
IDENT 

NS Package W24B 

II 
(REFER D~:~II~~}.~ I 

0004-0.009 ~ ~ ~ ..- 0.015-0.019 TYP 
(0102 -0.229) I (0.381-0.483) 

0.008 -0.015 
~ ..- (0.203-0.381) 

NS Package W24C 

8-22 

II 
0.004 - 0.006 

(0.102-0.152) 

..- 0.035-0.050 
(0.889 -1.270) 

0.085 
~(2.159) 

MAX 

W24B (REV C) 

0.011 - 0.025 ",mFr 
--.1 0.008-0.015 
~ (0.203-0.381) 

DETAIL "A" PIN # llDENT OPTION 2 



NOTES 



NOTES 



~National 
~ Semiconductor 
Bookshelf of Technical Support Information 
National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this 
bookshelf. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 23-200 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

For a recorded update of this listing plus ordering information for these books from National's Literature Distribution operation, 
please call (408) 749-7378. 

ALS/AS LOGIC DATABOOK-1987 
Introduction to Bipolar Logic • Advanced Low Power Schottky. Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
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Zeus Components Inc., Reg 4 133 S Pennsylvania St. MD, DE, VA, WVA, 13485 Stanford 

FL, GA, AL, MI, SC & TN Indianapolis, IN 46204 NC, RAYTHEON Livonia, MI 48150 

1750 West Broadway (317) 834-8202 8930 Route 108 (313) 525-1800 

Oviedo, FL 32765 TWX: 810 341 3481 Columbia, MD 21045 TWX: 810 242 3271 

(305) 365-3000 Hamilton! Avnet (301) 997-1118 R. M. Electronics 

GEORGIA 485 Gradle Dr. MASSACHUSETTS 4310 Roger B Chaffee 

Arrow Electronics 
Carmel, IN 46032 Arrow Electronics Wyoming, MI 49508 

3155 Northwoods Parkway 
(317) 844-9333 25 Upton Drive (616) 531-9300 

Suite A 
TWX: 810 260 3966 Wilmington, MA 01887 MINNESOTA 

Norcross, GA 30071 Pioneer-Indiana (617) 935-5134 Anthem Electronics 
(404) 449-8252 6408 Castleplace Drive TWX: 710 393 6770 10025 Valley View Rd. #160 
TWX: 810 766 0439 Indianapolis, IN 46250 Gerber Electronics Eden Prairie, MN 55344 

Bell Industries 
(317) 849-7300 128 Carnegie Row (612) 944-5454 

6690-C Jones Mill Ct. IOWA Norwood, MA 02062 Arrow Electronics 
Norcross, GA 30092 Advent Electronics (617) 769-6000 5230 73rd Street 
(404) 662-0923 682 58th Ave. Court S.W. TWX: 710 336 1987 Edina, MN 55435 

Hamilton! Avnet Cedar Rapids, IA 52404 Hamilton! Avnet (612) 830-1800 

58250 Peach Tree Corner E (319) 363-0221 100 Centennial Dr. TWX: 910 576 3125 

Norcross, GA 30092 TWX: 910 525 1337 Peabody, MA 01960 Hamilton! Avnet 
(404) 447-7500 Arrow Electronics (617) 531-7430 12400 Whitewater Dr. 

Pioneer Technology 375 Collins Rd. N.E. TWX: 710 393 0382 Minnetonka, MN 55343-9421 

3100F Northwoods Place Cedar Rapids, IA 52402 Anthem Electronics (612) 932-0600 

Norcross, GA 30071 (319) 395-7230 38 Jonspin Road TWX: 910 572 2867 

(404) 448-1711 TWX: 9104932086 Wilmington, MA 01887 Pioneer-Twin Cities 
TWX: 810 766 4515 Bell Industries (617) 657-5170 7625 Golden Triangle Dr. 

ILLINOIS 1221 Park Place N.E. TWX: 710 332 1387 Suite G 

Anthem Electronics 
Cedar Rapids, IA 52402 Pioneer Northeast Eden Prairie, MN 55344 

180 Crossen Ave. 
(319) 395-0730 44 Hartwell Avenue (612) 935-5444 

Elk Grove Village, IL 60007 Hamilton! Avnet Lexington, MA 02173 TWx: 910 576 2738 

(312) 640-6066 915 33rd Avenue S.w. (617) 861-9200 MISSOURI 
Cedar Rapids, IA 52404 TWX: 710 326 6617 

Arrow Electronics Arrow Electronics 
1140 West Thorndale Avenue 

(319) 362-4757 Time Electronics 2380 Schuetz Road 

Itasca, IL 60143 KANSAS 10 A Centennial Drive St. Louis, MO 63146 

(312) 250-0500 Arrow Electronics 
Peabody, MA 01960 (314) 567-6888 

TWX: 910 222 0351 8208 Melrose Dr. 
(617) 532-6200 TWX: 910 764 0882 
TWX: 710 393 0171 

Bell Industries Suite 210 Hamilton! Avnet 

515 Busse Road Lenexa, KS 66214 Zeus Coomponents Inc., Reg 1A 13743 Shoreline Ct.-East 

Elk Grove Village, II 60007 (913) 541-9542 MA, RI, VT, NH, ME & CANADA Earth City, MO 83045 

(312) 640-1910 Hamilton! Avnet 
429 Marrett Rd. (314) 344-1200 

TWX: 910 223 4519 9219 Quivira Rd 
Lexington, MA 02173 TWX: 9107620627 

Overland Park, KS 66215 
(617) 863-8800 

Time Electronics Bell Industries 
730 West Kilarney (913) 888-8900 MICHIGAN 330 Sovereign Ct. 

Urbana, IL 61801 Pioneer Standard Arrow Electronics St. Louis, MO 63011-4491 

(217) 328-1077 10551 Lackmann Road 3510 Roger Chaffee (314) 391-6444 

Hamilton! Avnet Lenexa, KS 66215 Memorial Blvd. S.E. TWX: 9107601893 

1130 Thorndale Ave. (913) 492-0500 Grand Rapids, MI 49508 NEW HAMPSHIRE 

Bensenville, IL 60106 MARYLAND 
(616) 243-0912 

Arrow Electronics 
(312) 860-7780 Arrow Electronics 

Arrow Electronics 3 Perimeter Rd. 

Pioneer Electronics 8300 Guilford Dr. 
755 Phoenix Dr. Manchester, NH 03103 

2171 Executive Dr., Suite 200 Columbia, MD 21045 
Ann Arbor, MI 48108 (603) 668-6968 

Addison, IL 60101 (301) 995-0003 
(313) 971-8220 TWX: 710 220 1684 

(312) 495-9680 TWX: 7102369005 
TWX: 810 223 6020 

Bell Industries-C & H Div. 
TWX: 910 2221834 Hamilton! Avnet 

Bell Industries 19 Park Avenue 

INDIANA 6822 Oak Hall Lane 
814 Phoenix Dr. Hudson, NH 03051 

Columbia, MD 21045 
Ann Arbor, MI48104 (603) 882-1133 

Advent Electronics Inc. (313) 971-9093 
8446 Moller Rd. (301) 995-3500 TWX: 710 228 8959 

Indianapolis, IN 46268 . TWX: 710 8621861 Hamilton! Avnet Hamilton! Avnet 

(317) 872-4910 Anthem Electronics 
2215 29th St. S.E. 444 Industrial Dr. 

TWX: 810 341 3228 9020-A Mendenhall Court 
Grand Rapids, MI 49508 Manchester, NH 03102 

Columbia, MD 21045 
(616) 243-8805 (603) 624-9400 

Arrow Electronics TWX: 810 273 6921 
2495 Directors Row (301) 964-0040 NEW JERSEY-Northern 

Suite H TWX: 710 862 1909 Hamilton! Avnet 
Arrow Electronics 

Indianapolis, IN 46241 Pioneer Technology 
32487 Schoolcraft Road 

6 Century Drive 
Livonia, MI 48150 

(317) 243-9353 9100 Gaither Road (313) 522-4700 
Parsippany, NJ 07054 

TWX: 810 3413119 Gaithersburg, MD 20877 (201) 575-5300 

Bell Industries (301) 921-0660 Pioneer Standard TWX: 710 734 4403 

3606 E. Maumee Ave. TWX: 710 828 0545 4505 Broadmoor S.E. 
Hamilton! Avnet 

Fort Wayne, IN 46803 Time Electronics 
Grand Rapids, MI 49508 

10 Industrial Rd. 
(219) 423-3422 9051 Red Branch Rd. 

(616) 698-1800 
Fairfield, NJ 07006 

TWX: 910 997 0701 Columbia, MD 21045 
TWX: 5106008456 

(201) 575-3390 
(301) 964-3090 TWX: 710 734 4409 
TWX: 710 862 2860 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

NEW JERSEY-Northern Pioneer Northeast NORTH CAROLINA Zeus Components Inc., Reg 3 
(Continued) 68 Corporate Drive Arrow Electronics Dayton (DESC) 

Anthem Electronics Binghamton, NY 13904 5240 Greens Dairy Rd. 2912 Springboro St., Ste. 106 

311 Rt. 46 West (607) 722-9300 Raleigh, NC 27604 Dayton, OH 45439 

Fairfield, NJ 07006 TWX: 5102520893 (919) 876-3132 (914) 937-7400 

(201) 227-7960 Pioneer Northeast TWX: 510 928 1856 OKLAHOMA 
TWX: 710 734 4312 840 Fairport Rd. Arrow Electronics Arrow Electronics 
Nu Horizons Electronics Fairport, NY 14450 938 Burke Street 12111 E. 51 st Street 
39 Route 46 (716) 381-7070 Winston-Salem, NC 27101 Tulsa, OK 74146 
Pinebrook, NJ 07058 TWX: 5102537001 (919) 725-8711 (918) 252-7537 
(201) 882-8300 Summit Electronics TWX: 510 9313169 Hamilton! Avnet 
Pioneer 916 Main Street Hamilton! Avnet 12121 East 51st St. 
45 Route 46 Buffalo, NY 14202 3510 Spring Forest Road Suite 102A 
Pine Brook, NJ 07058 (716) 887-2800 Raleigh, NC 27601 Tulsa, OK 74146 
(201) 575-3510 TWX: 710 522 1692 (919) 878-0810 (918) 252-7297 
TWX: 710 734 4382 Summit Electronics TWX: 510 928 1836 Quality Components 

NEW JERSEY-Southern 292 Commerce Drive Pioneer Technology 3158 South 108th East Ave. 

Arrow Electronics 
Rochester, NY 14623 9801-A Southern Pine Blvd. Suite 274 

6000 Lincoln Drive East 
(716) 334-8110 Charlotte, NC 28210 Tulsa, OK 74146 

Marlton, NJ 08053 Time Electronics (704) 527-8188 (918) 664-8812 

(609) 596-8000 6075 Corporate Dr. TWX: 810 621 0366 Radio Inc. 
TWX: 710 897 0829 East Syracuse, NY 13057 OHIO 1000 South Main Street 

Hamilton! Avnet 
(315) 432-0355 

Arrow Electronics Tulsa, OK 74119 

One Keystone Ave. 
TWX: 510 1006192 

7620 McEwen Rd. (918) 587-9123 

Cherry Hill, NJ 08003 NEW YORK-Metro Area Centerville, OH 45459 TWX: 49 2429 

(609) 424-0100 Arrow Electronics (513) 435-5563 OREGON 
TWX: 710 9400262 20 Oser Ave. TWX: 810 4591611 Almac-Stroum Electronics 

NEW MEXICO Hauppauge, NY 11788 Arrow Electronics 1885 N.W. 169th Place 

Alliance Electronics Inc. 
(516) 231-1000 6238 Cochran Rd. Beaverton, OR 97006 

11030 Cochiti S.E. 
TWX: 510 227 6623 Solon, OH 44139 (503) 629-8090 

Albuquerque, NM 87123 Hamilton! Avnet (216) 248-3990 TWX: 9104678743 

(505) 292-3360 833 Motor Parkway TWX: 810 427 9409 Anthem Electronics 
TWX: 910 9891151 Hauppauge, NY 11788 Bell Industries 9705 S.W. Sunshine Ct. 

Arrow Electronics 
(516) 434-7413 444 Windsor Park Drive Suite 900 

2460 Alamo Ave. S.E. Hamilton! Avnet Export Div. Dayton, OH 45459 Beaverton, OR 97005 

Albuquerque, NM 87106 1065 Old Country Rd., #211A (513) 435-8660 (503) 643-1114 

(505) 243-4566 Westbury, NY 11590 Bell Industries Arrow Electronics 
TWX: 910 989 1679 (516) 997-6868 Micro-Mil Division 1800 NW 167th Place 

Bell Industries Anthem Electronics 118 Westpark Road Suite 145 

11728 Linn N.E. 400 Oser Ave. Dayton, OH 45459 Beaverton, OR 97006 

Albuquerque, NM 87123 Hauppauge, NY 11787 (513) 434-8231 (503) 645-6456 

(505) 292-2700 (516) 273-1660 TWX: 810 4591615 TWX: 910 464 0007 

TWX: 910 989 0625 TWX: 510 2271042 CAM!OHIO Electronics Bell Industries 

Hamilton! Avnet Nu Horizons Electronics 749 Miner Road 6024 S.W. Jean Rd. 

2524 Baylor Drive S.E. 6000 New Horizons Blvd. Highland Heights, OH 44143 Lake Oswego, OR 97034 

Albuquerque, NM 87106 Amityville, NY 11701 (216) 461-4700 (503) 241-4115 

(505) 765-1500 (516) 226-6000 TWx: 810 427 2976 TWX: 9104558177 

TWX: 910 989 1631 Pioneer Hamilton! Avnet Hamilton! Avnet 

NEW YORK-Upstate 60 Crossways Park West 954 Senate Drive 6024 S.W. Jean Rd. 

Arrow Electronics 
Woodbury, NY 11797 Dayton, OH 45459 Bldg. C, Suite 10 
(516) 921-8700 (513) 439-6700 Lake Oswego, OR 97034 

3375 Brighton-Henrietta TWX: 7103266617 TWX: 810 450 2531 (503) 635-7850 
Townline Rd. 
Rochester, NY 14623 Time Electronics Hamilton! Avnet PENNSYLVANIA-Eastern 

(716) 427-0300 70 Marcus Boulevard 30325 Bainbridge Rd., Bldg. A Arrow Electronics 
TWX: 5102534766 Hauppauge, NY 11788 Solon, OH 44139 650 Seco Rd. 

Hamilton! Avnet 
(515) 273-0100 (216) 831-3500 Monroeville, PA 15146 

103 Twin Oaks Drive 
TWX: 858881 TWX: 810 427 9452 (412) 856-7000 

Syracuse, NY 13206 Zeus Components Inc., Reg 1 Hamilton! Avnet TWX: 710 797 3894 

(315) 437-2641 NY!ROCKINJ!E PAl CT 777 Brooksedge Blvd. CAM!RPC IND ElectroniCS 
TWX: 710 541 1506 100 Midland Ave. Westerville, OH 43081 620 Alpha Drive 

Hamilton! Avnet 
Port Chester, NY 10573 (614) 882-7004 RIDC Park 

2060 Town Line Road 
(914) 937-7400 Pioneer Standard Pittsburgh, PA 15238 

Rochester, NY 14623 Zeus Components Inc., Reg 1 B 4800 East 131st Street (412) 782-3770 

(716) 475-9130 Long IslandlNYC Cleveland, OH 44105 TWX: 710 795 3126 

TWX: 510 253 5470 2110 Smithtown Ave. (216) 587-3600 Hamilton! Avnet 
Ronkonkoma, NY 11779 TWX: 810 422 2210 2800 Liberty Ave. 
(516) 737-4500 Pioneer Standard Pittsburgh, PA 15227 

4433 Interpoint Blvd. (412) 281-4150 
Dayton, OH 45424 
(513) 236-9900 
TWX: 810 4591683 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

PENNSYLVANIA-Eastern Pioneer Electronics WISCONSIN Semad Electronics Ltd. 
(Continued) 5853 Point West Drive Arrow Electronics 1827 Woodward Dr. #303 

Anthem Electronics Houston, TX 77036 200 N. Patrick Blvd. Ottawa, Ontario K2C OR3 

101 Rock Road (713) 988·5555 Brookfield, WI 53005 (613) 727·8325 

Horsham, PA 19044 TWX: 910 881 1606 (414) 792·0150 Zentronics 
(215) 443·5150 Quality Components TWX: 910 2621193 8 Tilbury Ct. 

Pioneer Technology 1005 Industrial Blvd. Bell Industries Brampton, Ontario L6T 3T4 

261 Gibraltar Road Sugarland, TX 77478 W227 N913 Westmound Ave. (416) 451·9600 

Horsham, PA 19044 (713) 240·2255 Waukesha, WI 53186 TWX: 06 97678 

(215) 674·4000 TWX: 910 881 7251 (414) 547·8879 Zentronlcs 
TWX: 510 665 6778 Quality Components TWX: 910 2621156 Edmonton Sales Office 

Pioneer·Pittsburgh 2120M Braker Lane Hamilton! Avnet Edmonton, Alberta T6N 1 B2 

259 Kappa Drive Austin, TX 78758 2975 Moorland Rd. (403) 468·8306 

Ridgepark (512) 835·0220 New Berlin, WI 53151 Zentronics 
Pittsburgh, PA 15238 TWX: 910 8741377 (414) 784·4516 11400 Bridgeport Rd., Unit 108 
(412) 782·2300 Quality Components Taylor Electric Richmond, B.C. V6X 1T2 
TWX: 710 795 3122 4257 Kellway Circle 1000 West Donges Bay Road (604) 273·5575 

Time Electronics Addison, TX 75001 Mequon, WI 53092 TWX: 04 355844 

600 Clark Ave. (214) 733·4300 (414) 241·4321 Zentronics 
King of Prussia, PA 19406 TWX: 910 660 5459 TWX: 910 262 3414 155 Colonade Rd. So. 
(215) 337·0900 Zeus Components Inc., Reg 7 CANADA Units 17 & 18 
TWX: 845317 TX, AR, OK, LA, KS, MO, 10, NE 

Electro Sonic Inc. 
Nepean, OntariO K2E 7K1 

TENNESSEE 1800 N. Glenville Rd. 
1100 Gordon Baker Road 

(613) 226·8840 

Bell Industries 
Richardson, TX 75081 

Willowdale, Ontario M2H 3B3 Zentronics 

Instate: (800) 752·2050 
(214) 783·7010 

(416) 494·1666 817 McCaffrey St. 

Out of State: (800) 433·8301 UTAH TWX: 06 525295 Ville st. Laurent, Quebec H4T 1 N3 

TEXAS Anthem Electronics Hamilton! Avnet 
(514) 737·9700 

Arrow Electronics 
1615 West 2200 South #A 2550 Boundary Rd. # 105 Zentronics 

3220 Commander Dr. 
Salt Lake City, UT 84119 Burnaby, B.C., V5M 3Z0 93·1313 Border St. 

Carrollton, TX 75006 
(801) 973·8555 (604) 437·6667 Winnipeg, Manitoba R3H OX4 

(214) 380·6464 Arrow Electronics Hamilton! Avnet 
(204) 694·1957 

TWX: 910 860 5377 1946 W. Parkway Blvd. 2816 21st N.E. Zentronlcs 

Arrow Electronics 
Salt Lake City, UT 84119 Calgary, Alberta T2E 6Z2 Waterloo Sales Office 

2227 West Braker Lane 
(801) 973·6913 (403) 250·9380 Waterloo, Quebec H4T 1 N3 

Austin, TX 78758 Bell Industries TWX: 03 827642 (800) 387·2329 

(512) 835·4180 3639 West 2150 South Hamilton! Avnet Zentronics 

TWX: 910 874 1348 Salt Lake City, UT 84120 2795 Rue Halpern Saskatoon Sales Office 

Arrow Electronics 
(801) 972·6969 St. Laurent, Quebec H4S 1 P8 Saskatoon, Alberta R3H OX4 

10899 Kinghurst Dr. Hamilton! Avnet (514) 335·1000 (306) 955·2207 

Suite 100 1585 West 2100 South TWX: 610 421 3731 Zentronics 

Houston, TX 77099 Salt Lake City, UT 84117 Hamilton! Avnet 6815 8th St. N.E. 

(713) 530·4700 (801) 972·4300 6845 Redwood Drive 3, 4, 5 Suite 100 

TWX: 910 880 439 TWX: 910 925 4018 Misslssauga, Ontario L4V 111 Calgary, Alberta T2E 7H7 

Hamilton! Avnet WASHINGTON (416) 677·7432 (403) 272·1021 

2111 West Walnut Hill Ln. Almac·Stroum Electronics TWX: 610 492 8867 TWX: 04 355844 

Irving, TX 75062 14360 S.E. Eastgate Way Hamilton! Avnet 
(214) 550·7755 Bellevue, WA 98007 190 Colonnade Rd. 
TWX: 07 32359 (206) 643·9992 Nepean, Ontario K2E 7L5 

Hamilton! Avnet TWX: 910 444 2067 (613) 226·1700 

4850 Wright Road # 190 Anthem Electronics TWX: 053 4971 

Staford, TX 77477 5020 148th Ave. N.E. Semad Electronics Ltd. 
(713) 240·7733 Suite 103 243 Place Frontenac 
TWX: 910 881 5523 Redmond, WA 98052 Pointe Claire, Quebec H9R 4Z7 

Hamilton! Avnet (206) 881·0850 (514) 694·0860 

1807 A West Braker Lane TWX: 910 997 0118 Semad Electronics Ltd. 
Austin, TX 78758 Arrow Electronics 3700 Gilmore Way #210 
(512) 837·8911 19450 68th Ave. South Burnaby, B.C. V5G 4M1 
TWX: 910 874 1319 Kent, WA 98032 (604) 438·2515 

Pioneer Electronics (206) 575·4420 Semad Electronics Ltd. 
1826 Kramer Lane TWX: 9104442034 75 Glendeer Dr. S.E. #210 
Suite 0 Hamilton! Avnet Calgary, Alberta T2H 2S8 
Austin, TX 78758 14212 North East 21st (403) 252·5664 
(512) 835·4000 Bellevue, WA 98005 

Pioneer Standard (206) 453·5844 

13710 Omega Road 
Dallas, TX 75240 
(214) 386·7300 
TWX: 910 860 5563 
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SALES OFFICES 

ALABAMA FLORIDA MINNESOTA OREGON 
Huntsville Boca Raton Bloomington Portland 

(205) 837-8960 (305) 997-8133 (612) 835-3322 (503) 639-5442 
(205) 721-9367 Orlando (612) 854-8200 PENNSYLVANIA 

ARIZONA (305) 629-1720 NEW JERSEY Horsham 
Tempe SI. Petersburg Paramus (215)675-6111 

(602) 966-4563 (813) 577-1380 (201) 599-0955 Willow Grove 

B.C. GEORGIA NEW MEXICO (215) 657-2711 

Burnaby Atlanta Albuquerque PUERTO RICO 
(604) 435-8107 (404) 396-4048 (505) 884-5601 Rio Piedias 

CALIFORNIA 
Norcross 

NEW YORK (809) 758-9211 

Encino 
(404) 441-2740 

Endicott QUEBEC 
(818) 888-2602 ILLINOIS (607) 757-0200 Dollard Des Ormeaux 

Inglewood Schaumburg Fairport (514) 683-0683 
(213) 645-4226 (312) 397-8777 (716) 425-1358 Lachine 

Roseville INDIANA (716) 223-7700 (514) 636-8525 
(916) 786-5577 Carmel Melville TEXAS 

San Diego (317) 843-7160 (516) 351-1000 Austin 
(619) 587-0666 Fort Wayne Wappinger Falls (512) 346-3990 

Santa Clara (219) 484-0722 (914) 298-0680 Houston 
(408) 562-5900 IOWA NORTH CAROLINA (713) 771-3547 

Tustin Cedar Rapids Cary Richardson 
(714) 259-8880 (319) 395-0090 (919) 481-4311 (214) 234-3811 

Woodland Hills 
KANSAS OHIO UTAH (818) 888-2602 

Overland Park Dayton Salt Lake City 
COLORADO (913) 451-8374 (513) 435-6886 (801) 322-4747 

Boulder 
MARYLAND Highland Heights WASHINGTON (303) 440-3400 

Hanover (216) 442-1555 Bellevue Colorado Springs 
(301) 796-8900 (216) 461-0191 (206) 453-9944 (303) 578-3319 

Englewood MASSACHUSETTS ONTARIO WISCONSIN 
(303) 790-8090 Burlington Mississauga Brookfield 

(617) 273-3170 (416) 678-2920 (414)782-1818 CONNECTICUT 
Waltham Nepean Milwaukee Fairfield 

(617) 890-4000 (404) 441-2740 (414) 527-3800 (203) 371-0181 (613) 596-0411 
Hamden MICHIGAN Woodbridge 

(203) 288-1560 W. Bloomfield (416) 746-7120 
(313) 855-0166 
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