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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.

Al

Charles E. Sporck
President, Chief Executive Officer
National Semiconductor Corporation




Wir fiihlen uns zu Qualitét und
Zuverlédssigkeit verpflichtet

National Semiconductor Corporation ist fiihrend bei der Her-
stellung von integrierten Schaltungen hoher Qualitit und
hoher Zuverldssigkeit. National Semiconductor war schon
immer Vorreiter, wenn es galt, die Zah! von IC Ausféllen zu
verringern und die Lebensdauern von Produkten zu verbes-
sern. Vom Rohmaterial Gber Entwurf und Herstellung bis zur
Auslieferung, die Qualitdt und die Zuverléssigkeit der Pro-
dukte von National Semiconductor sind uniibertroffen.

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

La Qualité et La Fiabilité:

Une Vocation Commune Chez National
Semiconductor Corporation

National Semiconductor Corporation est un des leaders in-
dustriels qui fabrique des circuits intégrés d'une trés grande
qualité et d'une fiabilité exceptionelle. National a &té le pre-
mier & vouloir faire chuter le nombre de circuits intégrés
défectueux et a augmenter la durée de vie des produits.
Depuis les matiéres premiéres, en passant par la concep-
tion du produit sa fabrication et son expédition, partout la
qualité et la fiabilité chez National sont sans équivalents.

Nous sommes fiers de notre succés et le standard ainsi
dé&fini devrait devenir I'objectif & atteindre par les autres so-
ciétés. Et nous continuons & vouloir faire progresser notre

.recherche de la perfection; il en résulte que vous, qui étes
notre client, pouvez toujours faire confiance & National
Semiconductor Corporation, en produisant des systémes
d'une trés grande qualité standard.

Unrlmpegno Societario di Qualita e
Affidabilita

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

Noi siamo orgogliosi del nostro successo che fissa per gli
altri un traguardo da raggiungere. Il nostro desiderio di per-
fezione & 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.

Al

Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation
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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 BiCMOS process used for
the industry’'s most advanced line of high density ECL 1/0
SRAMSs, 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 FLASH™
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.
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Product Status Definitions

National
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Product Status Definitions

Definition of Terms

Data Sheet Identification Product Status

Definition

Formative or
In Design

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

First
Production

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.

Full
Production

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 2
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CMOS EPROMs and OTP PROMs %
. No. of Access Prog. PS Temp. =
Part No. Org. Size Pins Time Volt. | Tol Range g
NMC27C16Q 2kx8 16k 24 300, 350, 450, 550 25 5% 0Cto +70°C | ©
NMC27C16QE 2kx8 16k 24 450 25 5% —40°Cto +85°C  |<
@
NMC27C32Q 4kx8 32k 24 300, 350, 450, 550 25 5% 0°Cto +70°C e
NMC27C32QE 4kx8 32k 24 450 25 5% —40Cto +85°C__ | &
=
[2]
NMC27C32BQ 4kx8 32k 24 120, 150, 200, 250 13 10% 0°Cto +70°C c
NMC27C32BQE 4kx8 32k 24 200, 250 13 10% —40Cto +85C__ | &
NMGC27C64Q 8kx8 64k 28 150 - 13 5% 0°Cto +70°C
NMC27C64Q/N 8kx8 64k 28 150, 200, 250, 300 13 10% 0°Cto +70°C
NMC27C64QE 8kx 8 64k 28 150, 200 13 10% —40°C 1o +85°C
NMC27C64QM 8kx 8 64k 28 200, 250 13 10% | —55°Cto +125°C
NMC27C64BQ/BN 8kx8 64k 28 120, 150, 200, 250 13 10% 0°Cto +70°C
NMC27C64BQE 8k x 8 64k 28 120, 150, 200 13 10% —40°Cto +85°C
NMC27C64BQM 8kx 8 64k 28 150, 200 13 10% | —55°Cto +125°C
NMC27CP128Q 16kx8 | 128k 28 200, 250, 300 13 10% 0°Cto +70°C
NMC27C128BQ/BN | 16kx8 | 128k 28 120, 150, 200, 250 13 10% 0°Cto +70°C
NMC27C128BQE 16kx8 | 128k 28 120, 150, 200 13 10% —40°Cto +85°C
NMC27C128QM 16kx8 | 128k 28 150, 200 13 10% | —56°Cto +125°C
NMC27C128C | tekxs | 128k | 28 45, 55,70 [ 13 | 10% 0°Cto +70°C
NMC27C256Q 32kx8 | 256k 28 170, 200, 250 13 5% 0°"Cto +70°C
NMC27C256Q 32kx8 | 256k 28 200, 250, 300 13 10% 0°Cto +70°C
NMC27C256QE 32kx8 | 256k 28 200, 250 13 10% ~40°C to +85°C
NMC27C256QM 32kx8 | 256k 28 250, 350 13 10% | —56°Cto +125°C
NMC27C256BQ/BN 32kx 8 256k 28 120, 150, 200, 250 13 10% 0°Cto +70°C
NMC27C256BQE 32kx8 | 256k 28 120, 150, 200 13 10% —40°Cto +85°C
NMC27C256BQM 32kx8 | 256k 28 150, 200 13 10% | —55°Cto +125°C
NMC27C256CQ 32kx8 | 256k | 28 55, 70, 90 13 | 10% | o0Cto+70°C
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CMOS EPROMs and OTP PROMS (Continued)

No.of | Access Prog. PS Temp
) Part No. Org. S!ze Pins Time Volt. Tol. Range
NMC27C512AQ/AN 64k x 8 512k 28 120, 150, 200, 250 13 10% 0°Cto +70°C
NMC27C512AQE 64k x 8 512k 28 120, 150, 200 13 10% —40°Cto +85°C
NMC27C512AQM 64k x 8 512k 28 150, 200 13 10% —55°Cto +125°C
NMC27C010Q 128k x 8 1024k 32 150, 170, 200, 250 13 10% 0°Cto +70°C
NMC27C010QE 128k x 8 1024k 32 150, 170, 200 13 10% ~40°Cto +85°C
NMC27C010QM 128k x 8 1024k 32 170, 200 13 10% —55°Cto +125°C
NMC27C1024Q 64k x 16 1024k 40 150, 170, 200, 250 13 10% 0°Cto +70°C
NMC27C1024QE 64k x 16 1024k 40 150, 170, 200 13 10% —40°Cto +85°C
NMC27C1024QM 64k x 16 1024k 40 170, 200 13 10% —55°Cto +125°C
NMC27C020Q 256k x 8 2048k 32 150, 170, 200, 250 13 10% 0°Cto +70°C
NMC27C020QE 256k x 8 2048k 32 150, 170, 200 13 10% —40°Cto +85°C
NMC27C020QM 256k x 8 2048k 32 170, 200 13 10% —55°Cto +125°C
NMC27C2048Q 128k x 16 2048k 40 150, 170, 200, 250 13 10% 0°Cto +70°C
NMC27C2048QE 128k x 16 2048k 40 150, 170, 200 13 10% —40°Cto +85°C
NMC27C2048QM 128k x 16 2048k 40 170, 200 13 10% —55°Cto +125°C
CMOS FLASH EEPROMs

NMC48F512N 64k x 8 512k 32 200, 250, 300 12 10% 0°Cto +70°C
NMC48F512NE 64k x 8 512k 32 250, 300 12 10% —40°Cto +85°C
NMC48F512QNM 64k x 8 512k 32 300 12 10% —55°Cto +125°C
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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"

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

National
Semiconductor

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, P2CMOS™ silicon gate technology.

Features

B Access time down to 300 ns

m Low CMOS power consumption
— Active Power: 26.25 mW max
— Standby Power: 0.53 mW max (98% savings)

m Performance compatible to NSC800™ CMOS
microprocessor

m Single 5V power supply

m Extended temperature range available
(NMC27C16E-45), —40°C to +85°C, 450 ns +5%
power supply

| Pin compatible to MM2716 and higher density EPROMs

m Static—no clocks required

B TTL compatible inputs/outputs

m TRI-STATE® output

Block Diagram

Ve O—» DATA OUTPUTS 0o-07
&ND O—b - \
Vpp O—> TTTTrTTT Pin Names
ot DUTPUT ENABLE > AO0-A10 Addresses
CHIP ENABLE o OUTPUT = N
CE/psM — AND PROG LOGIC > BUFFERS f Chip Enable
OE Output Enable
( —> > 0p-07 Outputs
—> Y .
— DECODER . Y GATING PGM Program
™ o NC No Connect
AD-AT0 R
nooress { > >
weuts | ] >
- X . 16.384-BIT
—> DECODER . CELL MATRIX
—’ .
* .
L —P >

TL/D/5275-1




Connection Diagram

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 (0°C to +70°C) Vgc = 5V +

5%

Parameter/Order Number Access Time (ns)
NMC27C16-30 300
NMC27C16-35 350
NMC27C16-45 450
NMC27C16-55 550

27C256 | 27C128 | 27C64 | 27C32 27C32 | 27C64 | 27C128 | 27C256
27256 | 27128 | 2764 2732 2732 2764 | 27128 | 27256
Vep Vpp Vep Dual-In-Line Package Vec | Vee Vee
A2 | A2 | A2 NMC27C16 PGM | PGM | A14
A7 A7 A7 A7 a1 ub— v Vec | NC | A13 | A13
A6 A6 A6 AB6 Ag—1? 21— A8 A8 A8 A8 A8
A5 AS A5 A5 AS—13 22}—-n9 A9 A9 A9 A9
A4 A4 A4 A4 M—s 21— ver A11 A1 | A1 A1
A3 A3 A3 A3 n—]s wj—oF OE/Vpp| OE | OF OF
A2 A2 A2 A2 A2 =6 19 f— A10 A10 A10 A10 A10
Al Al Al Al M7 18— CE CE CE CE
A0 A0 A0 AO s 1o Oz 07 07 07
Oo Go Op Oo 00 —{9 16 f— 05 Og Og Og Og
04 04 04 04 01 —{10 15 f= 05 Os Os Os Os
(o7} (o3 O 02 02 — 11 1al—o0. O4 O4 O4 Oy
GND GND GND GND GND —] 12 13}—0; O3 O3 O3 O3
TL/D/5275-2
Top View
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NMC27C16

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 —10°Cto +80°C
Storage Temperature —65°Cto +125°C
Al Input Voltages with

Respect to Ground +6.5Vto —0.3V

1.0W
300°C

Power Dissipation
Lead Temperature (Soldering, 10 seconds)

Operating Conditions (ote9)

Temperature Range
NMC27C16-30, -35, -45, -55
NMC27C16E-45

0°Cto +70°C
—40°Cto +85°C

All Output Voltages with Ve Power Supply (Notes 2 and 3) 5V £5%
Respect to Ground (Note 11) Vg +0.3V to GND—0.3V Vpp Power Supply (Note 3) Vee
Vpp Supply Voltage with
Respect to Ground
During Programming +26.5Vto —0.3V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ (Note 4) Max Units
I Input Load Current VIN = Vgg or GND 10 pA
Lo Output Leakage Current | Vout = Voo or GND, CE = Vi 10 HA
lcot - Vg Current (Active) OE=CE =V, f=1MHz 5 10 mA
(Note 3) | TTL Inputs Inputs = Viyor V), I/0 = 0 mA
Icca Ve Current (Active) OE =CE = V), f = 1MHz 1 5 mA
(Note 3) | CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA
lccsBi Vg Current (Standby) CE = V4 0.1 4 mA
TTL Inputs .
lccse2 é('\:ACOCéUIr;i::S(Standby) CE = Vo 0.01 0.1 mA
ViL Input Low Voltage —0.1 0.8 \
Vin Input High Voltage 2.0 Voo + 1 \%
Vo1 Output Low Voltage loL = 2.1 mA 0.45 \Y
VoH1 Output High Voltage loy = —400 pA 24 \
VoLz Output Low Voltage loL=0pA 0.1 \
VoH2 Output High Voltage lon = 0 pA Vo — 0.1 Vv
AC Electrical Characteristics
NMC27C16
Symbol Parameter Conditions ~30 -35 E-45, -45 -55 Units
Min | Max | Min | Max | Min | Max | Min | Max
tace Address to Output Delay CE=0E =V 300 350 450 550 ns
tee CE to Output Delay OE =V, 300 350 450 550 ns
toe OE to Output Delay CE = vV|_ 120 120 120 160 ns
toF OE High to Output Float CE=V) 0 100 0 100 0 100 0 100 ns
ton Output Hold from Addresses, | CE = OE = V)_
(Note 5) | CE or OE, Whichever 0 0 0 0 ns
Occurred First

1-8




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

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN =0V 4 6 pF

Cout Qutput Capacitance Vourt = 0V 8 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

Cp = 100 pF Inputs 1V and 2V

Input Rise and Fall Times <20ns Outputs 0.8Vand 2V
Input Pulse Levels 0.8Vto 2.2V

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

Vin ADDRESSES )k

Vit VALID

« T\ y,
ViL

L——lcg E——

ADDRESSES

Vg A
By ]
tog (NOTE 6)—»| tor (NOTE 7)
Vou Hi-Z \ X Hi-Z
OUTPUT e VALID OUTPUT
o I /2
Fe———1tacc (NOTE 6)———»] o4 — fe—

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: Vo must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.

Note 3: Vpp may be connected to V¢ except during programming. Icgy < the sum of the Igc active and Ipp read currents.
Note 4: Typical values are for Ty = +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 — o after the falling edge of CE without impact on tacc.

Note 7: The tpr compare level is determined as follows:
High to TRI-STATE, the measured Vpn¢ (DC) — 0.10V
Low to TRI-STATE, the measured Vg1 {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 pF ceramic capacitor be used on every
device between Ve 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 Vo + 0.3V to avoid latch-up and device damage.

1-9
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NMC27C16

PROGRAMMING CHARACTERISTICS (Note 1)
DC Programming Characteristics (otes243)

(Ta = +25°C +5°C, Vog = 5V £5%, Vpp = 25V £ 1V)

Symbol Parameter Conditions Min Typ Max Units
1Lt Input Current (for Any Input) VIN = Vgg or GND 10 pA
Ipp Vpp SuppIY Current During CE/PGM = Viy 30 mA
Programming Pulse

lcc Vcc Supply Current 10 mA
ViL Input Low Level -0.1 0.8 \
ViH Input High Level 2.0 Voo + 1 v
AC Programming Characteristics (Notes2&3)
(TA = +25°C £5°C, Vg = 5V £5%, Vpp = 25V £1V)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 us
toes OE Setup Time 2 ps
tos Data Setup Time 2 s
tamH Address Hold Time 2 ns
toEH OE Hold Time 2 us
toH Data Hold Time 2 us
toF Output Enable to Output Float Delay CE/PGM = V) 0 160 ns
toe Output Enable to Output Delay CE/PGM = V| 160 ns
tew Program Pulse Width 45 50 55 ms
tPRT Program Pulse Rise Time ns
tprT Program Pulse Fall Time 5 ns
AC Test Conditions
Vee 5V +5% Timing Measurement Reference Level
Vep 25V 1V Inputs 1V and 2V
Input Rise and Fall Times <20ns Outputs 0.8Vand2v
Input Pulse Levels 0.8Vto 2.2V




Programming Waveforms (Note 3) Vep = 25V 1V, Voo = 5V £5%

91D.20NN

} PROGRAM PROGRAM
ADDRESS YI'I'L‘ i ADORESS N X ADDRESS N+m
l tas tan |
2 @ |
paTA VW b ¢ [pATAINSTABLE NHi-2 Vn_ui OATA OUT DATA IN STABLE
Vi ‘g ADD N £ VoL X VALID ADD N ADD N+m
toF toe toe
(0.16 Mnxy_’l ~ (0.16 MAX) < ™™ (0.16 MAX)
_
o "
Vie tos tow
@ (45 0R 1o
Vi toes r
Y, N toen
CE/PGM |, i - @
AT —>] [o—  —| fe—tor7

TL/D/5275-4

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

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 NMC27C16 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 uF capacitor is required across Vpp, Vcc 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 Vg
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 (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least tacg~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 OF 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

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 *'0s” into the desired bit locations. Although only
*0s” will be programmed, both “1s” and “0s" 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 V| It is required that a
0.1 uF 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 CE/
PGM input.




NMC27C16

Functional Description (continueq)

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
Vce, 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/cm?2. The erasure time with this dosage is ap-
proximately 21 minutes using an ultraviolet lamp with a

12,000 pW/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 NMC27C16-55 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 uF ce-
ramic capacitor be used on every device between V¢ and
GND. This should be a high frequency capacitor of low in-
herent inductance. In addition, a 4.7 uF bulk electrolytic ca-
pacitor should be used between Vgc 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 Vi Vi Vee 5 Dout
Standby ViH Don’t Care Vee 5 Hi-Z
Program Pulsed Vy_to Viy ViH 25 5 Din
Program Verify ViL ViL 25 5 Dout
Program Inhibit ViL Vi 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- M Performance compatible to NSC800™ CMOS

Z2€J.L2ONN

trically reprogrammable CMOS EPROM, ideally suited for microprocessor

applications where fast turnaround, pattern experimentation ~ m Single 5V power supply

and low power consumption are important requirements. m Extended temperature range available (NMC27C32E-45
The NMC27C32 is packaged in a 24-pin dual-in-line pack- and NMC27C32HE-45), —40°C to +85°C, 450 ns
age with transparent lid. The transparent lid allows the user +5% power supply

to expose the chip to ultraviolet light to erase the bit pattern.  ® 10 ms programming available (NMC27C32H), an 80%
A new pattern can then be written into the device by follow- time savings

ing the programming procedure. | Pin compatible to NMC2732 and higher density

This EPROM is fabricated with the reliable, high volume, EPROMs

time proven, p2CMOSTM silicon gate technology. Static-no clocks required

TTL compatible inputs/ outputs
Two-line control

TRI-STATE® output

Features
m Access time down to 300 ns
m Low CMOS power consumption
Active power: 26.25 mW max
Standby power: 0.53 mW max (98% savings)

Block Diagram

DATA OUTPUTS 0g-0
Ve O—> il

o [Teet

5E —p OUTPUT ENABLE AND .
g: , CHIP ENABLE ; OUTPUT
Lowie BUFFERS Pin Names
r AO-A11 Addresses
j Y . 4 — K
—P DECODER R Y GATING CE Chip Enable
—> v OE Output Enable
A0-A11 | = R -
ADDRESS { —P > 0p-07 Outputs
INPUTS | — . —> —_—
', DECODER : CELL MATRIX
—p .
—' . R
{ —b] —

TL/D/5274-1




NMC27C32

Connection Diagram

27C256 | 27C128 | 27C64 | 27C16
27256 | 27128 | 2764 | 2716
Vep Vep Vep NMC27C32
A2 A12 A12 Dual-In-Line Package
A7 A7 A7 A7 AT ]
A6 A6 A6 A6 Ag—12 23— a8
AS A5 A5 A5 AS—3 22— 29
A4 A4 A4 A4 M—{s 21— An
A3 A3 A3 A3 A3—{5 20 }— OE/ver
A2 A2 A2 A2 Az—{5 19— A10
A1 Al Al Al A —7 18}—TCE
AO AO A0 AOQ A0 —{3 170
Oo Oo Oo [ Oo 00— 16 }— 05
0, Oy 04 04 01— 15 f0s
0z 02 02 02 02 — 11 14— 04
GND GND GND | GND N0 —] 12 13f—o0s
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.

27C216 | 27C64 | 27C128 | 27C256
27216 | 2764 | 27128 | 27256
Vec | Vee Vee
PGM | PGM | A14
Vec | NC | A13 | A3
A8 A8 A8 A8
A9 A9 A9 A9
Vep | A11 | A11 | A1
OE | OE | ©OE OE
A10 A10 A10 A10
CE CE CE CE
07 07 Oy Oy
Os O¢ Og Os
0s | 05 | Os Os
04 (o)} O4 O4
O3 Og O3 O3

Commercial Temp Range (0°C to +70°C) Vgc = 5V +5%

Parameter/Order Number Access Time (ns)
NMC27C32-30, NMC27C32H-30 300
NMC27C32-35, NMC27C32H-35 350
NMC27C32-45, NMC27C32H-45 450
NMGC27C32-55, NMC27C32H-55 550

Extended Temp Range (—40°C to +85°C) Vgc = 5V +5%

Parameter/Order Number

Access Time (ns)

NMC27C32E-45, NMC27C32EH-45

450
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Absolute Maximum Ratings (ote 1)

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

Temperature under Bias —10°Cto +80°C

Storage Temperature —65°Cto +125°C
All Input Voltages with

Respect to Ground +6.5Vto —0.3V
All Output Voltages with

Respect to Ground Vce + 0.3Vto GND —0.3V

Vpp Supply Voltage with Respect

1.0W
300°C

Power Dissipation
Lead Temperature (Soldering, 10 seconds)

Operating Conditions (Note 7)
Temperature Range
NMC27C32-30, NMC27C32-35,
NMC27C32-45, NMC27C32-55,
NMC27C32H-30, NMC27C32H-35,
NMC27C32H-45, NMC27C32H-55
NMC27C32HE-45, NMC27C32E-45

0°Cto +70°C
—40°Cto +85°C

to Ground during Programming +26.5V to —0.3V Ve Power Supply 5V £5%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ (Note 2) Max Units
1Ll Input Load Current Vig = Vg or GND 10 RA
ILo Output Leakage Current | Voyt = Vo or GND,CE = Vi 10 rA
lect V¢ Current (Active) OE=CE =V
TTL Inputs Inputs = Vi or Vi, f = 1 MHz 2 10 mA
1/0 = 0mA
lcce Ve Current (Active) OE =CE = V|
CMOS Inputs Inputs = Vg or GND, f = 1 MHz 1 5 mA
1/0 = O0mA
lccs1 V¢ Current (Standby) CE=VH 0.1 1 mA
TTL Inputs
lccse2 g:ﬂco%ulrr:zz: SfStandby) E = Vgc 0.01 01 mA
ViL Input Low Voltage —-0.1 0.8 \
VIH Input High Voltage 2.0 Vee +1 \
Vou1 Output Low Voltage loL = 2.1mA 0.45 \
VOH1 Output High Voltage loq = —400 pA 24 \'
Vorz Output Low Voltage loL = 0 pA 0.1 \
VoH2 Output High Voltage loH = O nA Vee — 0.1 \
AC Electrical Characteristics
NMC27C32
Symbol Parameter Conditions -30, H-30 .35, H-35 E::f‘;: ::is -55,H-55 | Units
Min | Max | Min | Max | Min Max | Min | Max
tacec Address to Output Delay CE=0E =V 300 350 450 550 ns
tce CE to Output Delay OE =V)_ 300 350 450 550 ns
toe OE to Output Delay CE=V| 150 150 150 150 ns
toF OE High to Output Float CE = VL 0 130 0 130 0 130 0 130 ns
toH Output Hold from Addresses, CE=0E =V
(Note 3) | CE or OE, Whichever 0 0 0 0 ns
Occurred First

¢€OLCONN




NMC27C32

Capacitance 1, = +25:C,f = 1 MHz (Note 3)

Symbol Parameter Conditions Typ Max Units
CiNnt Input Caf_a_cntance ViN = 0V 4 6 pF
Except OE/Vpp
Cinz OE/VEP Input ViN = OV 20 pF
Capacitance
Cour Output Capacitance | Voyt = 0V 8 12 pF
AC Test Conditions
Qutput Load 1 TTL Gate and Timing Measurement Reference Level
Cy = 100pF Inputs 1Vand 2v
Input Rise and Fall Times <20ns Outputs 0.8Vand 2v
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (notes6 &9)

LC L
ADDRESSES v/ X ADDRESSES VALID ot X
ERd

=T\ —
L |<-—— o _.‘ el
—_ — e
_\

OF Vi ‘« /
L {, ) f
0F = o G
Vou | piez _’I (NOTE 4) f— (NOTES) Hiez
OUTPUT i VALID QUTPUT  © P
oL 4
e hee ol
(NOTE 4)

TL/D/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 functionat
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 = +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 — tog after the falling edge of CE without impacting tacc.
Note 5: The tpr compare level is determined as follows:

High to TRI-STATE, the measured Vony (DC) — 0.10V;
Low to TRI-STATE, the measured Vo(4 (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 pF ceramic capacitor be used on every
device between Ve and GND.

Note 8: The outputs must be restricted to V¢ + 0.3V to avoid latch-up and device damage.




PROGRAMMING (Note 1)

DC Programming Characteristics
Ta = +25°C +5°C, Voo = 5V + 5%, Vpp = 25V 11V (Notes 2 and 3)

C¢€JLZONN

Symbol Parameter Conditions Min Typ Max Units
I Input Current (All Inputs) VIN = Vgc or GND 10 RA
VoL Output Low Voltage During Verify loL=2.1mA 0.45 \
VoH Output High Voltage During Verify lon = — 400 pA 24 \
lcc Vg Supply Current 2 10 mA
ViL Input Low Level (All Inputs) -0.1 0.8 \
VIH Input High Level (All Inputs except OE/Vpp) 20 Vee + 1 v
Ipp Vpp Supply Gurrent CE = Vi, OE = Vpp 30 mA

AC Programming Characteristics 1, = +25°C 5°C, v¢c = 5V + 5%, Vpp = 25V £ 1V

Symbol Parameter Conditions NMC27C32 NMC27C32H Units
Min | Typ | Max | Min | Typ | Max

tas Address Setup Time 2 2 ns
toes OE Setup Time 2 2 us
tps Data Setup Time 2 2 us
tAH Address Hold Time 0 0 us
toEH OE Hold Time 2 2 ps
toH Data Hold Time 2 2 us
toF Chip Enable to Output Float Delay ] 130 0 130 ns
tpy Data Valid from CE CE=V|,0E=V, 1 1 us
tpw CE Pulse Width during Programming 45 50 55 9 10 1 ms
tPRT OE Pulse Rise Time during Programming 50 50 ns
tvR Vpp Recovery Time 2 2 us

AC Test Conditions

Vee 5V £ 5% Timing Measurement Reference Level

Vpp 25V + 1V Inputs 1Vand 2V

Input Rise and Fall Times <20ns Outputs 0.8V and 2V

Input Pulse Levels 0.45V to 2.4V
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Programming Waveforms (Note 3)
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Note: All times shown in parentheses are minimum and in ps unless otherwise specified..

The input timing reference level is 1V for a V;_and 2V for a Viy.

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.
Note 2: Vcc 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 pF capacitor is required across Vcg 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 OE/Vpp during
programming. In the program mode the OE/Vpp input is
pulsed from a TTL leve! 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 (tacc) is equal to the delay
from CE to output (tcg). 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 tacg~tog.

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 OF 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
oceur.

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 “0s” into the desired bit locations. Aithough only
“0s” will be programmed, both “1s” and “0s" 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 OE/
Vpp input is at 25V. It is required that a 0.1 pF capacitor be
placed across OE/Vpp, Ve, 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 the 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 paralieled
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 OE/Vpp 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 OE/Vpp and CE at V.. Data
should be verified tpy after the falling edge of CE.

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 (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 uW/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 pF ce-
ramic capacitor be used on every device between V¢ and
GND. This should be a high frequency capacitor of low in-
herent inductance. In addition, a 4.7 uF bulk electrolytic ca-
pacitor should be used between Vgc 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 Dout
Standby VIH Don't Care 5 Hi-Z2
Qutput Disable Don't Care Vi 5 Hi-Z
Program ViL Vep 5 Din
Program Verify ViL ViL 5 Dout
Program Inhibit ViH Vpp 5 Hi-zZ
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NMC27C32B

National
Semiconductor

PRELIMINARY

NMC27C32B 32,768-Bit (4k x 8)
High Speed Version UV Erasable CMOS PROM

General Description

The NMC27C32B 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 NMC27C32B 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 NMC27C32B 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.

Features
m Clocked sense amps for fast access time down to
120 ns
® Low CMOS power consumption
— Active Power
— Standby Power
m Optimal EPROM for total CMOS systems
m Performance compatible to NSC800™ CMOS micro-
processor
m Single 5V power supply
Extended temperature range (NMC27C32BQE), —40°C
to +85°C, available
Pin compatible with NMOS 32k EPROMs
Fast and reliable programming (100 pus 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

110 mW Max
0.55 mW Max

Block Diagram

DATA QUTPUTS 0g-0¢

Voo O=——b- p —
GND O Pin Names
no— [NAREERNI
| 1 AO0-A11 Addresses
OFE —] OUTPUT ENABLE > = A
AND CHIP ~ QuTRUT CE Chip Enable
CE—p] ENABLE LOGIC » BUFFERS OE/Vpp Output Enable/
Programming
([ —p] > Voltage
— uec;nzn . Y GATING 0p-07 OQutputs
— >
a0-AN | =P
ADDRESS { — N
WRUTS | ] X * 32,768 BIT
—>] DECODER ° CELL MATRIX
—) .
.
L — -
—b]

TL/D/8827-1
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Connection Diagram

g2€0.20NN

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

27256 | 27128 | 2764 | 2716 “ | 2716 2764 | 27128 27256
Vee Ver Ver Dualt‘lr"lll-‘lflznzac ::Skage E E Vee
A12 A12 A12 PGM PGM Al4
A7 A7 A7 A7 A7—{1 A 24}-Vee Veo NC A13 A13
A6 As A6 A6 A6—{2 23|48 A8 A8 A8 A8
A5 A5 A5 A5 A5 =13 22— A9 A9 A9 A9 A9
A4 A4 A4 A4 Ad—4 21 f=an Vep AN AN A1
A3 A3 A3 A3 A3—5 20 |~ 0E/ Vpp OE OE OE OE
A2 A2 A2 A2 A2—{6 19f=A10 A10 A10 A10 A10
Al A1 At Al At —7 18~CE CE CE CE CE
A0 AO AC AD A0—|8 170, (o] 07 07 Oy
O Op Qo Qo 0519 16— 05 Og Og Og¢ (o7
0y 0, 04 04 0,—10 1505 Os Os Os Os
0, 0, 0, 05 0,— 11 140, 04 04 04 04
GND | GND | GND | GND | GND=—12 13}~0;4 O3 O3 O3 O3

TL/D/8827-2
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C328B pins.

Order Number NMC27C32BQ
See NS Package Number J24AQ

Commercial Temp Range (0°C to +70°C) Vgc = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C32BQ120 120
NMC27C32BQ150 150
NMC27C32BQ200 200
NMC27C32BQ250 250

Extended Temp Range (—40°C to +85°C) Vg = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C32BQE200 200
NMC27C32BQE250 250
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NMC27C32B

COMMERCIAL TEMPERATURE RANGE

Absolute Maximum Ratings (Note 1)

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

Temperature Under Bias —10°Cto +80°C
Extended Temp Parts Operating Temp
Storage Temperature —65°Cto +150°C
Vce Supply Voltage with

OE Vpp Supply and A9 Voltage with

Respect to Ground
Power Dissipation

Lead Temperature (Soldering, 10 sec.)

ESD Rating
(Mil Spec 883C, Method 3015.2)

+14.0Vto —0.6V
1.0W
300°C

2000V

Respect to Ground +7.0Vto —0.6V Operating Conditions (Note6)
All Input Voltages except A9 Temperature Range
and OE/Vpp with NMC27C32BQ120, 150, 200, 250 0°Cto +70°C
Respect to Ground (Note 9) +6.5Vto —0.6V NMC27C32BQE200, 250 —40°Cto +85°C
All Output Voltages with Ve Power Supply +5V £10%
Respect to Ground (Note 9) Vg + 1.0V to GND—0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
[ Input Load Current VIN = Vg or GND 0.01 1 pA
lpp OE/Vpp Load Current OE/Vpp = Vg or GND 10 RA
Lo Output Leakage Current VouT = Vce or GND, CE = Vi 0.01 1 HA
leot Ve Current (Active) CE=V|,f=1MHz 15 30 mA
TTL Inputs Inputs = Vi or V), 1710 = 0 mA
lec2 Vg Current (Active) CE = GND, f = 1 MHz 10 20 mA
CMOS Inputs Inputs = Vg or GND, 1/0 = 0 mA
lccssi Vg Current (Standby) CE =Vn 0.1 1 mA
TTL Inputs
lccse2 X&CO (;ulrrl;z:: S(Standby) E = Vgc 05 100 pA
ViL Input Low Voltage —-0.2 0.8 \"
ViH Input High Voltage 2.0 Voo + 1 \'
Vou1 Output Low Voltage loL = 2.1mA 0.40 Vv
VoH1 Output High Voltage loH = —2.5mA 35 \"
Vorz Output Low Voltage loL = 10 pA 0.1 \
VoH2 Output High Voltage loy = —10 pA Vee — 041 v
AC Electrical Characteristics
NMC27C32B
Symbol Parameter Conditions Q120 Q150 Q200, QE200 Q250, QE250 | Units
Min | Max | Min | Max [ Min Max Min Max
tacc Address to Output Delay CE=0E =V 120 150 200 250 ns
tcE CE to Output Delay OE = VL 120 150 200 250 ns
toe OE to Output Delay CE = V. 50 60 75 100 ns
tpE OE High to Output Float CE =V 40 | 0 | 50 0 55 60 ns
tor CE High to Output Float OE=V)_ 40 | o | 50 0 55 60 ns
toH Output Hold from Addresses, | CE = OE = V_
CE or OE, Whichever 0 0 0 0 ns
Occurred First




Capacitance 1, = +25°C, t = 1 MHz (Note 2)

Symbol Parameter Conditions | Typ | Max | Units

Cint Input Capacitance except OE/Vpp | Viy = OV 6 | 12 | pF

Cinz OE/Vpp Input Capacitance ViN=0V | 20| 25 | pF

Court Output Capacitance Vour =0V | 9 12 pF
AC Test Conditions

Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8Vand 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (note 7)

1C [

2.0V 4
ADDRESSES 2/ ADDRESSES VALID 4 X
¥
. — e ——
2,0V \
CE 0.8v I /
: 3T re—top —
I-—- e (NOTES 4, 5)
OF 2.0V ’
OE/Vep {Qiav \, ¢
to tor
"l (NoTE3) [ ™ notes 4,5) [~
2.0V | Hi~Z x); i
QUTPUT =t VALID OUTPUT .~ oy
0.8v ) £
Acc 4
(NOTE 3) o

TL/D/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. Exposura 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 — tog after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vopy (OC) ~ 0.10V;
Low to TRI-STATE, the measured Vg1 (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 uF ceramic capacitor be used on
every device between Vg and GND.

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

Note 8: 1 TTL Gate: lop. = 1.6 mA, loy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Inputs and outputs can undershoot to —2.0V for 20 ns Max.

1-23
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Programming Characteristics (Notes1,2,384)

NMC27C32B

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 1S
toes OE Setup Time 1 us
tps Data Setup Time 1 us
tves Vg Setup Time 1 MS
tAH Address Hold Time 0 1S
tDH Data Hold Time 1 ns
tcr Chip Enable to Output Float Delay OE =V|_ 0 60 ns
tpw Program Pulse Width 95 100 105 us
toEH OE Hold Time 1 ns
tov Data Valid from CE OE = VL 250 ns
tPRT OE _Pulse Rise Tirpe 50 ns
During Programming
tvR Vpp Recovery Time 1 us
lpp Vpp Supply Current During CE = v, 20 mA
Programming Pulse OE = Vpp
lcc Ve Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vco Power Supply Voltage 6.0 6.25 6.5 \
Vpp Programming Supply Voltage 12.5 12.75 13.0 \"
{FR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
VIH Input High Voltage 2.4 4.0 \
N Input Timing Reference Voltage 0.8 1.5 2.0 Vv
tout Output Timing Reference Voltage 0.8 1.5 2.0 \
Programming Waveforms
PROGRAM ’523%""
ADDRESSES 2%, ADDRESS N ol
ts "
DATA 0::: DATA N STABLE HZ O.ZSVV DA ﬂ?’ AON
tos ton v | der |
=, 125V RN
AL L /_
tprr e e = ‘VR—’l o
& T ' ! o

tycs—»
Vee 6.0V
ov

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

Note 2: V¢ 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 Ve,

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 Vg 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.

TL/D/8827-4
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Fast Programming Algorithm Flow Chart (ote 1)
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TL/D/8827-5
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NMC27C32B

Interactive Programming Algorithm Flow Chart (ote 4)
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Functional Description
DEVICE OPERATION

The six modes of operation of the NMC27C32B are listed in
Table I. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for OE/Vpp during
programming. In the program mode the OE/Vpp input is
pulsed from a TTL low leve! 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 (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 (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least tocc—-tog.

The sense amps are clocked for fast access time. Voo
should therefore the maintained at operating voltage during
read and verify. If Vog 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.

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 OE/Vpp 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 “0s” into the desired bit locations. Although only
“0s" will be programmed, both “1s” and “0s” 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 OE/
Vpp is at 12.75V. ltis required that at least a 0.1 uF capaci-
tor be placed across Vgg 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 NMC27C328B is programmed with the Fast
Programming Algorithm shown in Figure 1. Each Address is
programmed with a series of 100 ps pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
Program with a single 100 ps pulse.

Note: Some programmer manufactures due to equipment limitation may of-

fer interactive program Algorithm (Shown in Figure 2).

The NMC27C32B 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 NMC27C32B may be connected together when they
are programmed with the same data. A low level TTL pulse

. i . applied to the CE input programs the paralleled
To most efnae_ntly use these two control lines, it is recom- NMC27C32B.
mended that CE (pin 18) be decoded and used as the pri-
mary device selecting function, while OE (pin 20) be made a
TABLE I. Mode Selection
Pins CE OE/Vpp Vee Outputs
Mode (18) (20) (24) (9-11, 13-17)
Read ViL ViL 5V Dout
Standby Vi4 Don’t Care 5V 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 5V Hi-Z

1-27
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NMC27C32B

Functional Description (continued)

Program Inhibit

Programming multiple NMC27C32B in paraliel with different
data is also easily accomplished. Except for CE all like in-
puts (including OE) of the parallel NMC27C32B may be
common. A TTL low level program pulse applied to an
NMC27C32B’s CE input with OE/Vpp at 12.75V will pro-
gram that NMC27C32B. A TTL high level CE input inhibits
the other NMC27C32B 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 OE/Vpp and CE at V.. Data should
be verified tpy after the falling edge of CE.

MANUFACTURER'S IDENTIFICATION CODE

The NMC27C32B has a manufacturer’s identification code
to aide in programming. The code, shown in Table Il 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 NMC27C32B 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 V). Address AO is held at V|_ for the manufacturer's
code, and at V| 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 NMC27C32B 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 famps have wavelengths in the 3000A-4000A
range. After programming, opaque labels should be placed
over the NMC27C32B’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 2537A. The integrated dose (i.e., UV intensity X
exposure time) for erasure should be a minimum of
15 W-sec/cm2.

The NMGC27C32B 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 IlI
shows the minimum NMC27C32B 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 V¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 pF ceramic
capacitor be used on every device between Vgc and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 wF bulk electrolytic
capacitor should be used between Vg 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 Il. Manufacturer’s Identification Code

Pins A0 07 Og Os O4 O3 02 04 Op Hex

(8) (17 (16) (15) (14) (13) (11) (10) (9) Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code ViH 0 0 [ 0 0 0 0 1 01

TABLE 1ll. Minimum NMC27C32B Erasure Time

Light Intensity
(LW/cm?)

Erasure Time
(Minutes)

15,000

20

10,000

25

5,000

50
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National
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 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
m Clocked sense amps for fast access time down to
150 ns
® Low CMOS power consumption
— Active Power: 55 mW max
— Standby Power: 0.556 mW max
m Performance compatible to NSC800™ CMOS micro-
processor
| Single 5V power supply
Extended temperature range (NMC27C64QE), —40°C
to +85°C, and military temperature range
(NMC27C64QM), —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

Block Diagram

DATA OUTPUTS 0o-07

Vg O—p p ~
GND O~—>
OF —>] QUTPUT ENABLE > .
G ~——>] AND CHIP e OUTPUT Pin Names

BE ENABLE LOGIC » BUFFERS

CE —] A0-A12 Addresses

) CE Chip Enable
D » —

, Y . ¥ GATING OE Qutput Enable
—] DECODER -_: 0g-07 Outputs
—] PGM Program
—>
‘:;I;Rég R NC No Connect
INPUTS |~ X ° 65,536-BIT
- DECODER ® CELL MATRIX
L ]
L]

—p] -
—p -~
—

TL/D/8634-1
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NMC27C64

Connection Diagram

27€512/27C256(27C128/27C32 27c15| NMC27C64Q 27C16 | 27C32 [27C128| 27C256 |27C512

27512 | 27256 | 27128 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 27128 27256 | 27512
A15 | Vpp | Vpp Ver —11 i Vee | Vec | Veo
A12 | A12 | Al2 A —2 27 = FCM PGM | A14 | A4
A7 A7 A7 | A7 | A7 a1 —{ 3 26— ne Vec | Voo | A13 | A13 | A13
A6 A6 A6 | AB | A6 Ap —14 L— a8 A8 A8 A8 A8 A8
A5 A5 A5 | A5 | A5 A5 —15 24— n9 A9 A9 A9 A9 A9
A4 A4 A4 | A4 | A4 A —16 B ant Vep | A1t | A11 | A1 A1t

A3 A3 A3 | A3 | A3 B —7 21— o OE |[OE/Vpp| OE OE [OE/Vpp
A2 A2 A2 | A2 | A2 A2 —18 21— a10 A10 | A10 | A10 | A10 | At0
Al A1 At L AL AT A —9 20— CE CE/PGM| CE | CE |[CE/PGM| CE
A0 A0 A0 [ AO | AO ho —10 BE—0 07 O 07 0, O,
O Oo Op O | Op O — 1 81— 0 Os O¢ Og Og Og
04 04 04 (o] o] 0y — 12 05 Os5 [o)3 Os Os Os
o)} (o]} 05 Og | Og o —{n 16 p— 0, Q4 Oy O4 O4 Oy
GND | GND [ GND | GND | GND GND —p 14 15— 03 O3 O3 O3 O3 O3

TL/D/8634-2
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 (0°C to +70°C)

Vee =5V £5%

Parameter/Order Number

Access Time (ns)

NMC27C64Q15 150

Vee = 5V £10%
Parameter/Order Number Access Time (ns)
NMC27C64Q150 150
NMC27C64Q200 200
NMC27C64Q250 250
NMC27C64Q300 300

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

Parameter/Order Number Access Time (ns)
NMC27C64QE150 150
NMC27C64QE200 200

Military Temp Range (—55°C to + 125°C)

Vee =5V =

10%

Parameter/Order Number

Access Time (ns)

NMC27C64QM200
NMC27C64QM250

200
250




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
Commercial

Military and Extended

Storage Temperature

All Input Voltages except A9 with
Respect to Ground (Note 10)

All Output Voltages with

—10°Cto +80°C

Operating Temp. Range

—65°Cto +150°C

+6.5Vto —0.6V

Vce Supply Voltage with

Respect to Ground +7.0Vto —0.6V
Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (note 7)
Temperature Range

NMC27C64Q15, Q150, 200, 250, 300 0°Cto +70°C

Respect to Ground (Note 10) Vg + 1.0V to GND—-0.6V NMC27C64QE200 —40°Cto +85°C
Vpp Supply Voltage and A9 NMC27C64QM200, M250 —55°Cto +125°C
with Respect to Ground Vg Power Supply +5V +10%
During Programming +14.0Vto —0.6V except NMC27C64Q15 +5V £5%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current Vin = Vog or GND 10 nA
ILo Output Leakage Current Vout = Vcg or GND, CE = V|4 10 RA
Icct Vcc Current (Active) CE=V,f=5MHz 5 20 mA
(Note 9) TTL Inputs Inputs = VjjorV, 1/0 = 0 mA
Icce Vg Current (Active) CE = GND, f = 5 MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Voo or GND, I/0 = 0 mA
lccsB1 Vg Current (Standby) CE =V 0.1 1 mA
TTL Inputs
lccse2 g&cocsulr[:izts(standby) CE = Vo 05 100 pA
Ipp Vpp Load Current Vpp = Vce 10 uA
ViL Input Low Voltage —0.1 0.8 \
VIH Input High Voltage 2.0 Vee + 1 v
VoLi Output Low Voltage loL = 2.1mA 0.45 \
VoH1 Output High Voltage lon = —400 pA 2.4 \'%
VoL2 Output Low Voltage loL = 0 uA 0.1 v
VOH2 Output High Voltage loy = O pA Vee — 0.1 \
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
tacc  |Address to Output Delay CE=0E=V 150 200 250 300 ns
PGM = V|
tce CE to Output Delay OE = V), PGM = V| 150 200 250 300| ns
toe OE to Output Delay CE = V|, PGM = V| 60 60 70 150 | ns
toF OE High to Output Float CE = V)., PGM = Vi 60 0 60 0 60 130 | ns
tcr CE High to Output Float OE = V), PGM = V|y 60 60 60 130 | ns
ton Output Hold from Addresses, | CE = OE = vy
CE or OE, Whichever PGM = V| 0 0 0 0 ns
Occurred First
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NMC27C64

Capacitance 1, = +25°C,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN = 0V 6 8 pF

Cout Output Capacitance Vout = OV 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8Vand 2V

Input Rise and Fall Times <5ns Outputs 0.8V and 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notes6 & 9)

| {C
ApoResses 20 ADDRESSES VALID ”
0.8V (¢
pR)
— TV \
CE pav (c /
JJ QCF
e
fe—— tcg — (NOTES 4._5ﬂ
— 20V \
OF o8y e /
1y JJ tDF
0F —— —]
(NOTE3) ‘e (NOTES 4, 5)
2.0V Hi=Z )] TR\ H-Z
OUTPUT G3Y VALID OUTPUT cc 17777
)
tacc
— -
(NOTE 3) ‘o

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 functiona!
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 — to after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vony (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (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 leasta 0.1 uF ceramic capacitor be used on
every device between Vg and GND.

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

Note 8: 1 TTL Gate: lg. = 1.6 mA, loy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Ve except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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Programming Characteristics (Notes 1,2,384)

$93.Z0KNN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 us
toes OE Setup Time 2 1S
tces CE Setup Time 2 us
tps Data Setup Time 2 us
tvps Vpp Setup Time 2 us
tvcs Ve Setup Time 2 us
taAH Address Hold Time 0 us
tDH Data Hold Time 2 ps
toF Output Enable to Output Float Delay CE=vV| 0 130 ns
tpw Program Pulse Width 0.45 0.5 0.55 ms
toe Data Valid from OE CE = VL 150 ns
Ipp Vpp Supply Current During @f ViL 30 mA
Programming Pulse PGM = V|

Icc Vce Supply Current 10 mA
TA Temperature Ambient 20 25 30 °C
Vece Power Supply Voltage 5.75 6.0 6.25 v
Vpp Programming Supply Voltage 12.2 13.0 13.3 \"
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 Vv
Vik Input High Voltage 2.4 4.0 \
tiN Input Timing Reference Voltage 0.8 1.5 2.0 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 \
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NMC27C64

Programming Waveforms (note 3)

PROGRAM
[*+—— PROGRAM VERIFY
w {5
ADDRESSES 3%, ADDRESS N .
37
s
2v Hi-Z
DATA IN STABLE
DATA _<o.av A0 N
tos ton
3,
5.75V )
Nee _/ tyes
3
12.2¢ )
VPP tvps
CE oav ¢
fe—tees ]
g4
— 27
oM 2%y
4
oY =-togs—] |+ tor—
OF 2V s f
0.8v \ g

Note 1: National's standard product warranty applies to devices programmed to specifications described herein.
Note 2: Vg 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 Vcg.

TL/D/8634-6

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, Vg 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

START
‘ ADDR = FIRST LOCATION )

PROGRAM ONE 5ms PULSE)

INCREMENT X

INCREMENT ADDR

LAST ADDR?

Vee=Vpp=5.0V £ 5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

TL/D/8634-5
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NMC27C64

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C64 are listed in
Table 1. It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Vo 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 Vg power supply must be at 6V during
the three programming modes, and at 5V in the other thres
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 (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 Vy except during programming. Assum-
ing that addresses are stable, address access time (tacc) is
equal to the delay from CE to output (tcg). Data is available
at the outputs tog 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. Voo
should therefore be maintained at operating voltage during
read and verify. If Voo 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 TE 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:

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 introduced by selectively programming “0s” into the de-
sired bit locations. Although only “0s” will be programmed,
both *“1s” and “0s"” 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 V). It is required that
at least a 0.1 pF capacitor be placed across Vpp, Voo 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-

a) the lowest possible memory power dissipation, and plied to the PGM input programs the paralleled
. . NMC27C64s.
b) complete assurance that output bus contention will not
occur.
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
Qutput Disable Don’t Care Vi VIH 5V 5V Hi-Z
Program ViL VIH 13v eV DiN
Program Verify ViL ViL ViH 13V 6V Dout
Program Inhibit ViH Don't Care Don’t Care 13V 6V Hi-Z




Functional Description (continued)

Program [nhibit

Programming muitiple 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 TTL low level program pulse applied to
an NMC27C64’s PGM input with CE at V), and Vpp at 13.0V
will program that NMC27C64. A TTL high leve! 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 Il, 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 V.. Address A0 is held at V|_ for the manufacturer's
cods, and at V|4 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 (i.e., 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 llI
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, e,
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 Vg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 nF bulk electrolytic
capacitor should be used between Vgc 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 Ag 07 Og Os5 04 (o] 02 04 o] 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 1 0 c2

TABLE lll. Minimum NMC27C64 Erasure Time

Light Intensity Erasure Time
(Micro-Watts/cm?2) (Minutes)
15,000 20
10,000 25
5,000 50
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NMC27C64N

National
Semiconductor

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.

Features

m Clocked sense amps for fast access time down to
150 ns, CMOS technology

m 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

Block Diagram

DATA OUTPUTS 0p-0;

Vee O—p p .
GND O—
o [EERNREN
OFE —>] QUTPUT ENABLE N
oM —>} AND CHIP 4 oUTPUT '
GF —p]  ENABLE LOGIC > BUEFERS Pin Names
AD-A12 Addresses
[ —» > CE Chip Enable
g [ . Y GATING OF Output Enable
> -+ 0p-07 Outputs
: PGM Program
A0-p12 | ¥ gJ
g > > NC No Connect
TS X : 65,536-BIT
—> DECODER ° CELL MATRIX
I L ]
L]
—* hd -
\ —>]

TL/D/9686-1




Connection Diagram

N$92.22OWN

27C512{27C 256, 27CI2827C3227C16| NMC27C64N 27C16 | 27C32 |27C128| 27C256 |27C512

27512 | 27256 | 27128 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 |27128| 27256 | 27512
A15 Vpp Vpp Ver —{1 28— V¢ Vee Vee Veo
A12 | A12 | A12 A2 —42 27 f— PGM PGM Al4 Al4
A7 | A7 | A7 | A7 | A7 a—]a 26— nc Veo | Ve | A13 | A13 | A13
A6 A6 A6 | A6 | A6 a6 —{4 25 |— ag A8 A8 A8 A8 A8
A5 A5 A5 | A5 | A5 as —{s 2|— po A9 A9 A9 A9 A9
Ad | A4 | A4 | A4 | A4 a—s 23}— an Vep | A11 | A11 | A1 | AN

A3 A3 A3 | A3 | A3 AB—7 2|— 0 OE |OE/Vpp| OE OE |[OE/Vpg
A2 A2 A2 | A2 | A2 A2 —48 21— a0 A10 | A10 | AtO | A10 | A10
A1l Al Al A1l Al At =—q9 20— TE CE/PGM| CE CE |[CE/PGM| CE
A0 | A0 | A0 | A0 | Ao a0 —]10 19 |— o0, 07 o7 | 07 07 07
O (o]} Op Op | Oo 0pg —f 1 18 |— 05 Og Og Og Og Og
04 04 04 0q | O 0y — 12 17— 0s Os Os Osg Os Os
(o) O3 Oy Oz | Op 0, —413 16 =0, Oy 04 Oy Oy 04
GND | GND | GND | GND | GND GND —] 14 15— 03 O3 O3 O3 O3 O3

TL/D/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 (0°C to +70°C)
Vce = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C64N150 150
NMC27C64N200 200
NMC27C64N250 250

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




NMC27C64N

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
Storage Temperature

All Input Voltages except A9 with
Respect to Ground (Note 10)

All Output Voltages with

Respect to Ground (Note 10)

—10°Cto +80°C

—65°Cto +150°C

+6.5Vto —0.6V

Ve + 1.0V to GND—0.6V

Vcc Supply Voltage with

Respect to Ground +7.0Vto —0.6V
Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (ote7)

Temperature Range 0°Cto +70°C

Vpp Supply Voltage and A9 Vg 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
L Input Load Current VIN = Ve or GND 10 nA
ILo Output Leakage Current Vout = Vccor GND, CE = Viy 10 pA
Icot Vg Current (Active) CE =V, f=5MHz 5 20 mA
(Note 9) TTL Inputs Inputs = Vjyor V|, 1/0 = 0 mA
loc2 Ve Current (Active) CE = GND, f = 5 MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vgg or GND, 1/0 = OmA
lccsB1 V¢g Current (Standby) CE = Vi 0.1 1 mA
TTL Inputs
lccss2 XCMCo%ul:,e;E:sfStande) E = Vcc 05 100 pA
Ipp Vpp Load Current Vpp = Voo 10 pA
ViL Input Low Voltage -0.1 0.8 '
ViH Input High Voltage 2.0 Veo + 1 \
VoL1 Output Low Voltage loL = 2.1mA 0.45 \
VoH1 Output High Voltage loH = —400 mA 2.4 \
Vorz Output Low Voltage loL =0pA 0.1 \Y
VoH2 Output High Voltage loH = O pA Vee — 041 \
AC Electrical Characteristics
NMC27C64N
Symbol Parameter Conditions 150 200 250 Units
Min Max Min Max Min Max
tacc Address to Output Delay CE = OE = Vi 150 200 250 ns
PGM = V|y

tce CE to Output Delay OE = V|1, PGM = V|y 150 200 250 ns
toE OE to Output Delay CE = V|, PGM = V| 60 60 70 ns
toF OE High to Output Float CE = V|.,PGM = Vi 0 60 0 60 0 60 ns
tcF CE High to Output Float OE = V|, PGM = V| 0 60 0 60 0 60 ns
toH Output Hold from Addresses, | CE = OE = V|

CE or OE, Whichever PGM = Vi 0 0 0 ns

Occurred First




Capacitance 1, = +25°C,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN = 0V 5 10 pF

Cout Output Capacitance | Voyt = OV 8 10 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8Vand 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notes6,7&9)

L 1,
ADDRESSES 2% W ADDRESSES VALID ”
F
— —— M
CE %vav 5 £ /
R
N -o—tcr——
CE NOTES 4,5
OF 2v \
CE 0.8v "' :
3 tor
‘l NOTE3) & . oS 4,3
2.0V Hi=2 pr——— xxeRy Hi-Z
ouTPUT " = VALID OUTPUT :
tace
(NOTE 3) ~Hont-

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 imptied. 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 — tog after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vony (DC) ~ 0.10V;
Low to TRI-STATE, the measured Vo 1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Nate 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 pF ceramic capacitor be used on
every device between V¢c and GND.

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

Note 8: 1 TTL Gate: g = 1.6 mA, Ipy = —400 pA.
Cyr: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vgg except during programming.
Note 10: inputs and outputs can undershoot to —0.2V for 20 ns Max.
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Programming Characteristics (Notes 1,2,384)

NMC27C64N

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 1S
toes OE Setup Time 2 us
toes CE Setup Time 2 us
tos Data Setup Time 2 us
tvps Vpp Setup Time 2 us
tvcs Ve Setup Time 2 s
tAH Address Hold Time 0 us
toH Data Hold Time 2 ns
tor Output Enable to Output Float Delay CE = VL 0 130 ns
trw Program Pulse Width 0.45 0.5 0.55 ms
toe Data Valid from OE CE =V 150 ns
lpp Vpp Supply Current During _i= ViL 30 mA
Programming Pulse PGM = V|

lcc Ve Supply Current 10 mA
TA Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 5.75 6.0 6.25 \
Vpp Programming Supply Voltage 122 13.0 13.3 \
tFR Input Rise, Fall Time 5 ns
Vi Input Low Voltage ' 0.0 0.45 v
ViH Input High Voltage 2.4 4.0 \"
N Input Timing Reference Voltage 0.8 1.5 20 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 \

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

Note 2: Vo 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 Vge.

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 pF capacitor is required across Vpp, Vcc 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 voitages and timings. The min and max limit
parameters are design parameters, not tested or guaranteed.
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Programming Waveforms (Note 3)

PROGRAM PROCRAM

ey

N$92.20NN

ADDRESSES (2, ADDRESS N

LG
edg

4£.| ‘.‘ tay | fe—
2v DATA N STABLE Hi-Z SEATR OUT VALD
DATA o7 ‘ ADD N _<hSS ADD N r‘_
tor

tos toH

‘e
5.75V 3y

LG

122 >
Vep / typs

o
—tces ] -

LG

FOM gay \
few <“‘o:s"l ~—tog —1
_ I
o 2V N
0.8v \ ;

TL/D/9686-4
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NMC27C64N

Interactive Programming Algorithm Flow Chart

START

(2008 = FiRsT LocaTioN )

Voo =6.0V
Vo = 13.0V
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>

—>( PROGRAM ONE 0.5 ms PULSE)
INCREMENT X
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<>

YES

Vec=Vpp=5.0V 257

VERIFY
ALL BYTES

PASS

DEVICE PASSED

DEVICE
FAILED

DEVICE
FAILED

TL/D/9686-5
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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 TTL levels. The power supplies required are Vg 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 Vg 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 contro! 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 V4 except during programming. Assum-
ing that addresses are stable, address access time (tacg) is
equal to the delay from CE to output (tcg). Data is available
at the outputs tog 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. Voo
should therefore be maintained at operating voltage during
read and verify. If Voc 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,

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
NMC27C64N.

Initially, all bits of the NMC27C64N are in the “1" state.
Data is introduced by selectively programming “0s” into the
desired bit locations. Although only “0s” will be pro-
grammed, both “1s” and “0s” 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 V|u. Itis required
that at least a 0.1 uF capacitor be placed across Vpp, Voo
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 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 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
toa*“1".

If an application requires erasing and reprogramming, the
NMC27C64Q UV erasable PROM in a windowed package
should be used.

TABLE I. Mode Select
Pins CE OE PGM Vep Vee Outputs

Mode (20) (22) (27) ) (28) (11-13,15-19)
Read ViL ViL 5V 5V Dout
Standby Don’t Don’t .

ViH Care Care 5V v Hi-z
Program ViL ViH 13.0V 6V Din
Program Verify ViL ViL 13.0V 6V Dout
Program Inhibit Don’t Don’t .

VIH Care Care 13.0v Y Hi-Z
Output Disable %3?: Vin 5V 5V Hi-Z
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NMC27C64N

Functional Description (continued)

Program Inhibit

Programming multiple NMC27C64Ns in paraliel with differ-
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 V|_ 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
Vce, 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 I, 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 “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 V). Address AO is held at V|_ for the manufacturer’s
code, and at V| 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 V¢ transient voltage peaks can
be suppressed by properly selected decoupling capacitors.
It is recommended that at least a 0.1 uF ceramic capacitor
be used on every device between Vg and GND. This
should be a high frequency capacitor of low inherent induc-
tance. In addition, at least a 4.7 uF bulk electrolytic capaci-
tor 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 purpose of
the bulk capacitor is to overcome the voltage drop caused
by the inductive effects of the PC board traces.

TABLE Ill. Manufacturer’s Identification Code

Pins Ap O7 Og Os 04 O3 0z 04 (o] 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
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National
Semiconductor

PRELIMINARY

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

General Description

The NMC27C64B 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 NMC27C648B 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 NMC27C64B 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

m Clocked sense amps for fast access time down to
120 ns

B Low CMOS power consumption
— Active Power: 110 mW max
— Standby Power: 0.55 mW max
m Performance compatible to NSC800™ CMOS micro-
processor
m Single 5V power supply
Extended temperature range (NMC27C64BQE), —40°C
to 85°C, and military  temperature range
(NMC27C64BQM), —55°C to 125°C, available
Pin compatible with NMOS 64k EPROMs
Fast and reliable programming (100 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

Block Diagram

DATA OUTPUTS 0p-07

Vig O——>p - )
GND O—
OE —P] OUTPUT ENABLE > .
FoM=——>]  AND CHIP - OUTPUT Pin Names

GE—p] ENABLE LOGIC > BUFFERS

ce AO0-A12 Addresses

_ CE Chip Enable
——’ 4= —

. Y . ¢ GATING OE Output Enable
—p DECODER . 00-O7 Outputs
—p bt —
> PGM Program
—>]
;{‘.?.,‘R‘E‘é R NC No Connect
INPUTS | X ° £5.536-BIT
—> DECODER * CELL MATRIX
L]
L]

—’ .

e "
—

TL/D/9687-1
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NMC27C64B

Connection Diagram

27C512(27C256(27C128|27C32| 27C16|
27512 | 27256 | 27128 | 2732 | 2716
A15 | Vpp | Vpp
A12 A12 A12
A7 A7 A7 A7 | A7
A6 A6 A6 A6 | A6
A5 A5 A5 A5 | A5
Ad | A4 | A4 | A4 | A4
A3 A3 A3 A3 | A3
A2 A2 A2 A2 | A2
A1l Al Al A1 A1
AO A0 A0 A0 | AO
O Op Og Oo | Oo
04 04 04 01 | O
0y o7 02 Oz | Og
GND | GND | GND | GND | GND

NMC27C64BQ

Dual-In-Line Package

Vpp =i
A12 =2
A7 =3
A6 ——q 4
A5 =5
A4 ~——1 6
A3 =t 7
A2 —18
Al —19
A0 —4 10
0g—f 11
0, — 12
0,—n
GND ==t 14

28

27
26
25
2
23
22
2
20

Vee
-
= NC
= A8
b— A9
— ANl
— OF
F— A10
— CE
— 0
— 05
b— 0

l— 0,

'—UJ

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
(0°C to +70°C) Vge = 5V £10%

27C16 | 27C32 |27C128; 27C256 [27C512|
2716 2732 | 27128 27256 | 27512
Vee | Vec | Ve
PGM A14 A14
Vee Vec | A138 A13 A13
A8 A8 A8 A8 A8
A9 A9 A9 A9 A9
Vpp A1 A1 A1 A1
OE [OE/Vpp| OE OE |OE/Vpp
A10 A10 | A10 A10 A10
ICE/PGM| CE CE |[CE/PGM| CE
Oy Oy 07 07 07
Og Os Og Os Osg
Os5 Os Os Os Os
Oy O4 O4 04 O4
O3 O3 Og O3 O3

Parameter/Order Number

Access Time (ns)

NMC27C64BQ120 120
NMC27C64BQ150 150
NMC27C64BQ200 200
NMC27C64BQ250 250
Extended Temp Range

(—40°C to +85°C) Vg = 5V £10%

Parameter/Order Number

Access Time (ns)

NMC27C64BQE120
NMC27C64BQE150
NMC27C64BQE200

120
150
200

Military Temp Range

(—55°C to +125°C) Vgg = 5V £10%

Parameter/Order Number

Access Time (ns)

NMC27C64BQM150
NMC27C64BQM200

150
200
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COMMERCIAL TEMPERATURE RANGE
Absolute Maximum Ratings (ote 1)

8v90.¢IJNN

If Military/Aerospace specified devices are required, Vce 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°Cto +80°C Lead Temperature (Soldering, 10 sec.) 300°C
Storage Temperature —65°Cto +150°C ESD Rating (MIL Spec 883C Method 3015.2) 2000V
All Input Voltages except A9 with
Respect to Ground (Note 10) +6.5Vto —0.6V Operating Conditions (note 7)
All Output Voltages with Temperature Range 0°Cto +70°C
Respect to Ground (Note 10) Vgg+ 1.0V to GND—0.6V Ve Power Supply +5V +10%
Vpp Supply Voltage and A9
with Respect to Ground
During Programming +14.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
L) Input Load Current VIN = Vec or GND 1 pA
Lo Output Leakage Current Vout = Vec or GND, CE = V|4 1 RA
Icct Vg Current (Active) CE =V, f=5MHz
(Note 9) TTL Inputs Inputs = V4 or VL 15 30 mA
1/0 = 0mA
lcce Ve Current (Active) CE = GND, f = 5 MHz
(Note 9) CMOS Inputs Inputs = Vg or GND, 10 20 mA
1/0 = 0mA
lccsei Vg Current (Standby) CE=Vy
TTL Inputs 01 1 mA
lccsa2 Ve Current (Standby) CE = Voo
CMOS Inputs 05 100 A
pp Vpp Load Current Vpp = Ve 10 pA
ViL Input Low Voltage -0.2 0.8 v
ViH Input High Voltage 20 Vee + 1 v
VoL1 Output Low Voltage loL = 21 mA 0.40 \
VoH1 Output High Voltage loH = —2.5mA 3.5 \"
VoLz Output Low Voltage loL = 10 pA 0.1 \'%
Von2 Output High Voltage loy = —10 pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C64B
Symbol Parameter Conditions Q120 Q150 Q200 Q250 Units
Min Max Min Max Min Max Min Max
tacc  |Address to Output CE=0E =V
Delay PGM = Vin 120 150 200 250 ns
tce CE to Output Delay OE = V)L
PGM = Vi 120 150 200 250 ns
toe OE to Output Delay CE=vV|
PGM = Vi 50 60 75 100 ns
tor OE High to Output CE = VL
Float BGM = Vi 0 40 0 50 0 55 [o] 60 ns
tcr CE Highto OE=V)_
Output Float PGM = Viy 0 | 4 | 0 | S0 | 0 | 8 f 0 | 60 |mns
toH OutputHotdfrom  |CE = OE = V_
Addresses, CE or OE, PGM = V|
Whichever Occurred First 0 0 0 0 ns
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NMC27C64B

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
Storage Temperature —65°Cto +150°C
All Input Voltages except A9 with
Respect to Ground (Note 10)
All Output Voltages with
Respect to Ground (Note 10)

+6.5Vto —0.6V

Vee+1.0Vto GND—0.6V

Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating (MIL Spec 883C Method 3015.2) 2000V

Operating Conditions (Note7)

Temperature Range
NMC27C64BQE120, 150, 200
NMC27C64BQM150, 200

—40°Cto +85°C
~55°Cto +125°C

| +5V £10%
Vpp Supply Voltage and A9 Vec Power Supply
with Respect to Ground
During Programming +14.0Vto —0.6V
Vcc Supply Voltage with
Respect to Ground +7.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
] Input Load Current ViN = Ve or GND 10 RA
Lo Output Leakage Current VouT = Vec or GND, CE = Vi 10 pA
lect Ve Current (Active) CE=V,f=5MHz
(Note 9) TTL Inputs Inputs = V) or Vi, 15 30 mA
1/0 = 0 mA
loc2 Ve Current (Active) CE = GND, f = 5 MHz
(Note 9) CMOS Inputs Inputs = Vg or GND, 10 20 mA
1/0 = 0 mA
lccsBi Vcc Current (Standby) CE=VnH
TTL Inputs 01 1 mA
lcosB2 Ve Current (Standby) CE = Vgo
CMOS Inputs 0.5 100 KA
lpp Vpp Load Current Vpp = Vgo 10 RA
ViL Input Low Voltage —0.2 0.8 \"
ViH Input High Voltage 2.0 Vee+1 Vv
VoL1 Output Low Voltage loL = 2.1mA 0.40 \
VoH1 Output High Voltage lo = —1.6mA 3.5 \"
VoL Output Low Voltage loL = 10 pA 0.1 \'
VoH2 Output High Voltage loH = —10 pA Vee —0.1 \
AC Electrical Characteristics
NMC27C64BQ
Symbol Parameter Conditions E120 E150, M150 E200, M200 Units
Min Max Min Max Min Max
tacc Address to Output | CE = OE = V.
Delay FGM = Vi 120 150 200 ns
tce CE to Output Delay | OE = V).
PGM = Vi 120 150 200 ns
toe OE to Output Delay | CE = V|
PGM = Vi 50 60 75 ns
tor OE High to Output | CE = V),
Float PGM = Vi 0 40 0 50 0 55 ns
tcr CE High to OE =V
Output Float PGM = Vi 0 40 0 50 0 55 ns
toH Output Hold from | CE = OE = V),
Addresses, CEor | PGM = V|4
OE, Whichever 0 0 0 ns
Occurred First




Capacitance 1, = +257,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance VIN = OV 6 12 pF

Cout Output Capacitance Vout = 0V 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

Cr = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs . 0.8Vand2v
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (notes 6,7 &9)

et G L
ADDRESSES 2oy ADDRESSES VALID X
37
G 20v \ ,. /|
[ <—{cr —
1
CE (NOTES 4,5)
oF 2.0V
OE 0.8V \, — /|
toe tor
'J (NOTE3) |& 1 vores4,5) [+
2.0V Hi-Z — TISS Hi-Z
outPur " —— VALID OUTPUT SH
’ tace v {
(NOTE 3) OH==

TL/D/9€87-3

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 conditicns for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OF may be delayed up to tacc-toE after the falling edge of CE without impacting tacc.
Note 4: The tpr and Tcr compare level is determined as follows:
High to TRI-STATE, the measured VoH1 (DC) —0.10V
Low to TRI-STATE, the measured Vo1 (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 uF ceramic capacitor be used on
every device between Vg and GND.

Note 7: The outputs must be restricted to Vo + 1.0V to avoid latch-up and device damage.
Note 8: 1 TTL Gate: lo. = 1.6 mA, loy = —400 pA.
CL: 100 pF includes fixture capacitance.
Note 9: Vpp may be connected to Vcg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.

gv90.20NN




Programming Characteristics (Notes1,2,384)

NMC27C64B

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 us
tces CE Setup Time 1 ps
tps Data Setup Time 1 us
tvps Vpp Setup Time 1 ns
tvcs Vce Setup Time 1 us
tAH Address Hold Time 0 us
toH Data Hold Time 1 us
toF Output Enable to Output Float Delay CE= V) 0 60 ns
tew Program Pulse Width 95 100 105 us
toe Data Valid from OE CE=V, 100 ns
Ipp Vpp Supply Current During Ti= Vi 20 mA
Programming Pulse PGM = V|

lcc Vcc Supply Current 10 mA
Ta Temp Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 "
Vpp Programming Supply Voltage 12.5 12.75 13.0 \"
trR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 Vv
VIH Input High Voltage 2.4 4.0 \Y
tn Input Timing Reference Voltage 0.8 1.5 2.0 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 \"

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 Ve,

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 wF capacitor is required across Vpp, V¢g 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 (note 3)
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NMC27C64B

Fast Programming Algorithm Flow Chart (Note 4)

START

( ADDR = FIRST LOCATION )

Voo =6.25V
Vpp =12.75V

>
»

—OCPROGRAM ONE 100 ps PULSE)

INCREMENT X

INCREMENT ADDR

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/9687-5




Interactive Programming Algorithm Flow Chart (Note 4)

START

( ADDR = FIRST LOCATION)
Vec=6.0V
vPP =125V

PROGRAM ONE 0.5ms PULSE)

INCREMENT X

INCREMENT ADDR

NO
LAST ADDR ?
YES

Vec=Vpp=5.0V257%

DEVICE
FAILED

DEVICE
FAILED

VERIFY
ALL BYTES

PASS

DEVICE PASSED

FIGURE 2

TL/D/9687-6
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NMC27C64B

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 TTL levels. The power supplies required are Vgc 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 V| except during programming. Assum-
ing that addresses are stable, address access time (tacc) is
equal to the delay from CE to output (tcg). Data is available
at the outputs tog 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. Voo
should therefore be maintained at operating voltage during
read and verify. If Voo 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
oceur.

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 ““0s” into the desired bit locations. Although only
“0s” will be programmed, both “1s” and “'0s” 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 Viy. It is re-
quired that at least a 0.1 pF capacitor be placed across
Vpp, Vce 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 NMC27C64B is programmed with the Fast
Programming Algorithm shown in Figure 1. Each Address is
programmed with a series of 100 ps pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
Program with a single 100 us 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 NMC27C648s 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 TTL 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 V4 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 Vi ViL 12,75V | 6.25V Din
Program Verify ViL ViL ViH 12.75V | 6.25V Dourt
Program Inhibit VIH Don’t Care | Don'tCare | 12.75V | 6.25V Hi-Z

*ALE on 87C64B
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Functional Description (continued)

Program Inhibit

Programming multiple NMC27C64B’s in parallel with differ-
ent data is also easily accomplished. Except for CE all like
inputs (including OE and PGM) of the parallel NMC27C64B
may be common. A TTL low level program pulse applied to
an NMC27C64B’s PGM input with CE at V| and Vpp at
12.75V will program that NMC27C64B. A TTL high level CE
input inhibits the other NMC27C64B’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
Ve, except during programming and program verify.

MANUFACTURER'S IDENTIFICATION CODE

The NMC27C64B has a manufacturer's identification code
to aid in programming. The code, shown in Table Il 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 NMC27C64B is “8F02", where “8F" 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 A1-A8, A10-A12, CE, and OE are held
at V. Address AO is held at V_for the manufacturer’s
code, and at V|4 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 NMC27C64B 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
NMC27C64B’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 NMC27C64B
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 NMC27C64B 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 Il
shows the minimum NMC27C64B 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 Vg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 pF ceramic
capacitor be used on every device between V¢ and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg 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 Il. Manufacturer’s Identification Code

Pins Ag | 07 | 0g | O5 | O4 | O3 | O2 | O4 | Og | Hex

(10) 1 (19) | (18) | (17) | (16) | (15) | (13) | (12) | (11) | Data
Manufacturer Code | V) | 1 0 0 0 1 1 1 1 8F
Device Code Vim{ 0 0 0 0 0 0 1 0 02

TABLE Ill. Minimum NMC27C64B Erasure Time

Light Intensity

Erasure Time

(Micro-Watts/cm?2) (Minutes)
15,000 20
10,000 25
5,000 50
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NMC27C64BN

National
Semiconductor

PRELIMINARY

NMC27C64BN High-Speed Version 65,536-Bit (8k x 8)
One-Time Programmable 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 wel! 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.

Features

| Clocked sense for fast-access time down to 120 ns,
CMOS technology

a Low CMOS power consumption

— Active power: 110 mW max

— Standby power: 0.55 mW max

Performance compatible to NSCB800™ CMOS micro-

processor

Single 5V power supply

Pin compatible with all 64k EPROMs

Fast and reliable programming (100 ps for most bytes)

Static operation—no clocks required

TTL, CMOS compatible inputs/outputs

TRI-STATE® output

Optimum PROM for total CMOS systems

Manufacturer’s identification code for automatic pro-

gramming control

High current CMOS level output drivers

Block Diagram

DATA QUTPUTS 0g-07

Vec O—> , \
GND O—
mo— [ERRRNRN]
OE —>»] OUTPUT ENABLE > "
i m"n’é’fﬁ'&'&m > RFFeRS Pin Names
CE > BUFFERS
G v AO-A12 Addresses
CE Chip Enable
( —p >
—p] v OE Output Enable
— Dec;nen . Y GATING 2
> 0p-07 Outputs
— >
> PGM Program
A0-m12 | =]
ADDRESS { =] > NC No Connect
WPUTS | — X : £5,536-8IT
—> DECODER : CELL MATRIX
L]
——’ hd >
L —

TL/D/9688-1
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Connection Diagram

N8v93.20NN

[27C512/27C256(27C128|27C32 27C16| NMC27C64BN 27C16 | 27C32 [27C128| 27C256 [27C512
27512 | 27256 | 27128 | 2732 | 2716 Dual-In-Line Package 2716 [ 2732 | 27128 | 27256 | 27512
A15 | Vpp | Vpp Vee —11 B vee Vec | Vec | Veo
A12 | A12 | A12 A2 —2 27 |~ PGM PGM | A14 A14
A7 A7 A7 A7 | A7 A7 —3 26— n¢ Ve Voo | A18 A13 A13
A6 A6 A6 AB A6 A6 —14 25— A8 A8 A8 A8 A8 A8
A5 A5 A5 A5 A5 AS —5 28— Ay A8 A9 A9 A9 A9
A4 A4 A4 A4 A4 A4 —16 23 = AN Vpp A1l A1l A1l A1
A3 A3 A3 A3 | A3 A3 —17 22— OF OE [OE/Vpp| OE OE |OE/Vpp
A2 A2 A2 A2 | A2 A2 ——8 21— A10 A10 A10 | A10 A10 A10
A1 | A1 | Al | A1 | Al nM—9 ] CE/PGM| CE | CE [CE/PGM| CE

A0 A0 A0 A0 | AO A0 —{ 10 19 b= 0; 07 O7 Oy Oy 07
Oo Oo Op O | Oo O — ¥ 18 =05 Og Os Og Og Og
04 04 04 04 (o] 0y —1 2 7105 Os Os Os Os Os
o7} (o7} (o2 Oz | O2 0, — 13 16 =0, Oy O4 Oy (o)} 04
GND | GND | GND | GND [ GND GND—q 14 15— 0; O3 O3 O3 O3 O3

TL/D/9688-2
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C684BN pins.

Order Number NMC27C64BN
See NS Package Number N28B

Commercial Temp Range (0°C to +70°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C64BN120 120
NMC27C64BN150 150
NMC27C64BN200 200
NMC27C64BN250 250

(For non-commercial temperature range parts, call factory)




NMC27C64BN

Absolute Maximum Ratings (ote 1)

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

Temperature Under Bias
Storage Temperature

All Input Voltages except A9 with
Respect to Ground (Note 10)

All Output Voltages with

Respect to Ground (Note 10)

—10°C to +80°C

—-65°Cto +150°C

+6.5Vto —0.6V

VoG + 1.0V to GND—0.6V

Ve Supply Voltage with

Respect to Ground +7.0Vto —0.6V
Power Dissipation 1.0W
Lead Temp. (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (Note 7)

Temperature Range 0°Cto +70°C

Vpp Supply Voltage and A9 Vcg 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
Iy Input Load Current Vin = Vcc or GND 1 pA
Lo Output Leakage Current VouTt = Veg or GND, CE = Viy 1 pA
loct Vg Current (Active) CE = V|, f=5MHz 5 a0 mA
(Note 9) TTL Inputs Inputs = Vigor Vi, I/0 = 0 mA
lcc2 Ve Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, I/0 = O mA
lccsB1 Vg Current (Standby) CE=Vy
TTL Inputs 0.1 ! mA
Iccsa2 Ve Current (Standby) CE = V¢o
CMOS Inputs 05 100 rA
Ipp Vpp Load Current Vpp = Voo 10 pA
ViL Input Low Voltage -0.2 0.8 \
ViH Input High Voltage 2.0 Vog + 1 \"
VoLt Output Low Voltage loL = 2.1 mA 0.40 \"
VoH1 Output High Voltage loy = —2.5mA 3.5 \
VoL2 Output Low Voltage loL = 10 pA 0.1 \
Vo2 Output High Voltage lon = —10 pA Vee — 041 \
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=0E=vV| 120 150 200 250 ns
PGM = V|4
tce CE to Output Delay OE =V 120 150 200 250 ns
PGM = Vi
toe OE to Output Delay CE=V| 50 60 75 100 ns
PGM = V|y
tor OE High to Output Float CE = VL 0 40 0 50 0 55 0 60 ns
PGM = Vi
tor CE High to Output Float OE = VL 0 40 0 50 0 55 0 60 ns
PGM = Vi
toH Output Hold from Addresses, | CE = OE = V|_
CE or OE, PGM = V|4 0 0 0 0 ns
Whichever Occurred First
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Capacitance 1, = +25C,f = 1 MHz (Note 2)

Symbol Parameter Conditions | Typ Max Units

CiN Input Capacitance VIN = 0V 5 10 pF

Cout Output Capacitance Vout = 0V 8 10 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

C( = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8Vand 2V
Input Pulse Levels 0.45Vto 2.4V

AC Waveforms (notess, 7 &9)

£C L

ADDRESSES 2 ADDRESSES VALID ot
17

CE 2v \
CE 0.8y — .
L‘—QCE - (NOTES 4._5;1

O (zvflsv \, 3 —
—

|p————

S

ary
_.| toe tor
(NoTE3) [© (noTEs 4,8) [
2.0V Hi~Z 5 TSy HiZ
outeur - —— VALID QUTRUT_ ; N
tace t
(NOTE 3) TR

TL/D/9688-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damags 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 affact device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OF may be delayed up to tacc — tog after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Voy (DC) — 0.10V;
Low to TRI-STATE, the measured Vg ¢ (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 nF ceramic capacitor be used on
every device between Vg and GND.

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

Note 8: 1 TTL Gate: Io. = 1.6 mA, loy = —400 uA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Veg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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NMC27C64BN

Programming Characteristics (Notes1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 ns
tcEs CE Setup Time 1 us
tos Data Setup Time 1 us
tvps Vpp Setup Time 1 s
tvcs Vce Setup Time 1 us
taH Address Hold Time 0 ms
toH Data Hold Time 1 us
toF Output Enable to Output Float Delay CE=V| 0 60 ns
tPw Program Pulse Width 95 100 105 us
toe Data Valid from OE CE=V, 100 ns
Ipp Vpp Supply Current During 1= ViL 30 mA
Programming Pulse PGM = V|,

lcc Vcc Supply Current 10 mA
TR Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 \
Vpp Programming Supply Voltage 12,5 12.75 13.0 \
tFR Input Rise, Fall Time 5 ns
ViL input Low Voltage 0.0 0.45 \
VIH Input High Voltage 2.4 4.0 \
tiN Input Timing Reference Level 0.8 1.5 2.0 \
tout Output Timing Reference Level 0.8 1.5 2.0 \

1-62




Programming Waveforms (ote 3)

N8v92.2ONN
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Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.

Note 2: Vo 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 Ve,

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, Voc 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
pa s are design p not tested or guarantesd.

TL/D/9688-4
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NMC27C64BN

Fast Programming Algorithm Flow Chart (ot 4)

START

( ADDR = FIRST LOCATION )

Voo = 6.25V
Vpg = 12,75V
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>
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DEVICE
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DEVICE
FAILED
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FIGURE 1
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Interactive Programming Algorithm Flow Chart (ote 4)

START

( ADDR = FIRST LOCATION )

Vec=6.0V
vP,,_125v

PROGRAM ONE 0.5 ms PULSE)

INCREMENT X

INCREMENT ADDR LAST ADDR?

Vcc= Vpp =50V£57%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/8688-6

1-65

N8v90.2ONN




NMC27C64BN

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 Vg 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 Vg power supply must be at 6.25V dur-
ing the three programming modes, and at 5V in the other
three modes.

Read Mode

The NMC27C84BN has two control functions, both gf, - which
must be logically active in order to obtain data at thé% 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 V| except during programming. Assum-
ing that addresses are stable, address access time (tacc) is
equal to the delay from CE to output (icg). Data is available
at the outputs tog after the falling edge of OE, assuming
that CE has been low and addresses have been stable for
at least tacc — tog.

The sense amps are clocked for fast access time. Voo
should therefore be maintained at operating voltage during
read and verify. If Voo 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 “0s” into the desired bit locations. Although only
“0s" will be programmed, both “1s" and “0s" 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 V. It is re-
quired that at least a 0.1 uF capacitor be placed across
Vpp, Ve to ground to suppress spurious voltage transients
which may damage the device. The data to be programmed
is applied 8 bits in paralle! 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 ps pulses until it verifies
good, up to maximum of 25 pulses. Most memory cells will
program with a single 100 us 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 “0” 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 Vi 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 DN
Program Verify ViL ViL Vil 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 NMC27C64BNs in parallel with differ-
ent data is also easily accomplished. Except for CE all like
inputs (including OE and PGM) of the nparallel
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
Ve except during programming and program verify.

MANUFACTURER’S IDENTIFICATION CODE

The NMC27C84BN has a manufacturer’s identification code
to aid in programming. The code, shown in Table Il 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 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 A1-A8, A10-A12, CE and OE are held
at V). Address AO is held at V_ for the manufacturer's
code, and at V|y 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 Vg transient voltage peaks can
be suppressed by properly selected decoupling capacitors.
It is recommended that at least a 0.1 uF ceramic capacitor
be used on every device between Voo and GND. This
should be a high frequency capacitor of low inherent induc-
tance. In addition, at least a 4.7 uF bulk electrolytic capaci-
tor should be used between Vg 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 Il. Manufacturer’s Identification Code

Pins A0 | 07 | Og | O5 | O4 | O3 | O2 | O4 | Og | Hex

(10) | (19) | (18) | (17) | (16) | (15) | (13) | (12) | (11) | Data
Manufacturer Code | Vi | 1 0 0 0 1 1 1 1 8F
Device Code ViH| O 0 0 0 0 0 1 0 02
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NMC27CP128

| National
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 +10% 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.

Features

B Clocked sense amps for fast access time down
to 200 ns

m Low CMOS power consumption
— Active power: 55 mW max
— Standby power: 0.55 mW max

m Performance compatible to NSC800™ CMOS
microprocessor

m Single 5V power supply

| Fast and reliable programming

W Static operation—no clocks required

m TTL, CMOS compatible inputs/outputs

B TRI-STATE® output

m Optimum EPROM for total CMOS systems

Block Diagram

DATA QUTPUTS 0o-0;

Ve O———bp , .
GND O—b
mo—s [ERRNARN
O —>] 0UTPUT ENABLE > Pin Names
AND CHIP _ OUTPUT
GE—p] ENABLE LOGIC > BUFFERS A0-A13 Addresses
CE Chip Enable
4 e
—) > OE Output Enable
— usc;usn . Y GATIRG 00-07 Outputs
- > PGM Program
A0-A13,AR | =P NC No Connect
ADDRESS { == .
’ AR Block Select
- :: DECODER . AL WAt
.
—’ .
= N
{ —>

TL/D/8805-1
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Connection Diagram

8¢1dJLZONN

27C512|27C256(27C64|27C32(27C16 NMC27CP128Q 27C16 | 27C32 |27C64| 27C256 |27C512
27512 | 27256 | 2764 | 2732 | 2716 DuakIn-Line Package 2716 | 2732 | 2764 27256 | 27512
A15 | Vpp [ Vpp Vep =1 28— Ve Vee | Vec | Vee
A12 A12 | A12 A2 —2 27 = AR® PGM| A14 Al4
A7 | A7 | A7 | A7 | A7 a1 —]3 26— ar3 Vee | Voo | NC | At3 | A3
A6 A6 A6 A8 A6 Ag =44 25 b A8 A8 A8 A8 A8 A8
A5 A5 A5 A5 A5 AS =45 24 f=— A9 A9 A9 A9 A9 A9
Ad A4 Ad | A4 | A4 AL —16 23— A1t Vpp A1l | A1 A1 At
A3 A3 | A3 | A3 | A3 A3 —q7 22— OE |[OE/vpp| OE | OE |[OE/Vpp
A2 A2 A2 A2 A2 A2 —8 21— A10 A10 A10 | A10 A10 A10
Al A1 Al | A1 | A1 A —]9 w0} TeyFM  [CE/PGM| CE | CE |CE/PGM| CE
A0 A0 A0 [ A0 | AO AD =110 19p—0; 07 07 Oy 07 07
Og Op Og Oy | Oo 0g =4 11 18 == 04 Og Og Og Os Os
04 04 04 04 04 0 — 12 17— 05 Osg Os Os Os Os
0z 0Oy 0Oz 0z Oz 0 —® 16 =04 04 O4 Oy Oy4 O4
GND | GND | GND | GND [ GND | aNo—{# 15— 05 03 03 | 05| o3 O3

TL/D/8805-2
*AR held at Vi
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27CP128 pins.

Order Number NMC27CP128Q
See NS Package Number J28AQ

Commerclal Temp Range
(0°Cto +70°C) Vgg = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27CP128Q200 200
NMC27CP128Q250 250
NMC27CP128Q300 300
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NMC27CP128

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 —10°Cto +80°C
Storage Temperature —65°Cto +150°C

All Input Voltages with
Respect to Ground (Note 10)

All Output Voltages with

+6.5Vto —0.6V

Vpp Supply Voltage with Respect
to Ground During Programming

Power Dissipation
Lead Temperature (Soldering, 10 sec.)

+14.0Vto —0.6V
1.0W
300°C

Operating Conditions (Note 7)
Temperature Range

NMC27CP128Q200, 250, 300 0°Cto +70°C

Respect to Ground (Note 10) Vg + 1.0V to GND—0.6V Vg Power Supply 5V +10%
Ve Supply with Respect

to Ground +7.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
M Input Load Current VIN = Vgc or GND 10 pA
Lo Output Leakage Current Vout = Vog or GND, CE = Viy 10 nA
Ipp Vpp Current Vpp = Voo 10 HA
Icct Ve Current (Active) CE/PGM = V), f = 5MHz 5 20 mA
(Note 9) TTL Inputs Inputs = VjyorV, I/0 = 0 mA
Icc Vg Current (Active) CE/PGM = GND, f = 5 MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vo or GND, I/0 = 0 mA
lccsBi Vg Current (Standby) CE/PGM = V| 0.1 4 mA

TTL Inputs
lcoss2 g&co%ulr':i:t éStandby) E/PGM = Voo 05 100 A
Ipp Vpp Load Current Vpp = Vco 10 pA
ViL Input Low Voltage -0.1 0.8 \
VIH Input High Voltage 2.0 Voo + 1 Vv
VoL 1 Output Low Voltage loL = 2.1 mA 0.45 \"
VoH1 Output High Voltage loy = —400 pA 24 \']
VoL2 Output Low Voltage loL = 0pA 0.1 \"
Vohz Output High Voltage loq = 0 pA Vee — 0.1 v
AC Electrical Characteristics
NMC27CP128Q
Symbol Parameter Conditions 200 250 300 Units
Min Max | Min [ Max Min Max
tacc Address to Output Delay CE/PGM = OE = V) 200 250 300 ns
tce CE/PGM to Output Delay OE = V)L 200 250 300 ns
to OE to Output Delay CE/PGM = V)_ 75 100 120 ns
tor OE High to Output Float CE/PGM = V|_ 0 60 0 60 0 105 ns
tcr CE High to Output Float OE = V) 0 60 0 60 0 105 ns
ton Output Hold from Addresses, | CE/PGM = OE = V.
CE/PGM or OE, 0 0 0 ns
Whichever Occurred First




Capacitance 1, = +25,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN = 0V 6 12 pF

Cout Output Capacitance Vourt = 0V 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

C_ = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8Vand 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notess, 7 & 9)

£C [}

2.0v bad
ADDRESSES  Z3¢ ADDRESSES VALID . X
37
CE 2.0V
CE 0.8v \ £¢ /
3 ‘—th‘_.
I-—'CE —_ (NOTES 4, 5)
OF 20V
OFE Fav \ 1; /
e . tor 1.
20v | i ‘-I (NOTE 3) . ] (NoTES 4,5) Hiez
OUTPUT e VALID OUTPUT I —
0.8V A {5
AC
(NOTE 3) —~tou

TL/D/8805-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress raling 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 — tog after the falling edge of CE without impacting tacc.

Note 4: The tpr and tce compare level is determined as follows:
High to TRI-STATE, the measured VoHy (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (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 uF ceramic capacitor be used on
every device between Vcc and GND.

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

Note 8: 1 TTL Gate: Ig. = 1.6 mA, loy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: inputs and outputs can undershoot to —2.0V for 20 ns Max.
Note 11: AR held at V).
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NMC27CP128

Programming Characteristics (Notes 1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 us
toEs OE Setup Time 2 us
tvps Vpp Setup Time 2 us
tves Vce Setup Time 2 s
tps Data Setup Time 2 s
taAH Address Hold Time 0 us
toH Data Hold Time 2 us
toF Output Enable to Output Float Delay CE=vV|_ 0 130 ns
tpw Program Pulse Width 0.45 0.5 0.55 ms
toe Data Valid from OE CE = Vi 150 ns
lpp Vpp Supply Current During CE=V 30 mA
Programming Pulse PGM = v

lec Ve Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Veo Power Supply Voltage 575 6.0 6.25 \
Vpp Programming Supply Voltage 12.2 13.0 13.3 \"
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \"
VIH Input High Voltage 2.4 4.0 v
N Input Timing Reference Volitage 0.8 1.5 2.0 \
tour Output Timing Reference Voltage 0.8 1.5 2.0 \"

Note 1: National's standard product warranty applies only to devices programmed to specifications described hersin.
Note 2: Ve 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 Voe.
Note 3: The maximum absoluts 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 uF capacitor is required across Vpp, Vcc 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

P,

are Design p

not Tested or guaranteed.

Programming Waveforms (ote 3)

ADDRESSES

PROGRAY ———————>f+—

PROGRAM
VERIFY

V[H 149
ADDRESS STABLE o

V]L \ e

AS . 1ty
Vin HIGH Z 22
DATA DATA IN STABLE —{ DATA QUT VALID
A 2é
¢e
tos ton tor
22
e

—Vu
&,
L tow LQ
ots*l —tor—=
& " \ S
ViL ‘
v Vee 22
€ ov '*vcs—ﬂ
v Vo 22
PFV Y S—
e vps

TL/D/8805-4
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Interactive Programming Algorithm Flow Chart

START

( ADDR = FIRST LOCATION )

PROGRAM ONE .5 ms PULSE )

INCREMENT X

DEVICE
FAILED

N

INCREMENT ADDR

LAST ADDR ?
YES

Vee=Vpp=5.0V £ 5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE PASSED

TL/D/8805-5
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NMC27CP128

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27CP128 are listed
in Table 1. It should be noted that all inputs for the six modes
may be at TTL levels. The power supplies required are Vg
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 Vgg 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 (tacc) is equal
to the delay from CE/PGM to output (tcg). Data is available
at the outputs tog 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. Voo
should therefore be maintained at operating voltage during
read and verify. If Voc 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 contro! 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 “‘0s” into the desired bit locations. Although only
“0s” will be programmed, both “1s” and “0s" 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 V. It is required
that at least a 0.1 pF capacitor be placed across Vpp, Voo
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 NMGC27CP128s 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
NMC27CP128s.

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 1. Mode Selection

Pins CE/PGM OE Vpp Vee Outputs

Mode (20) (22) ()] (28) (11-13,15-19)
Read ViL ViL 5V 5V Dout
Standby ViH Don't Care 5V 5V Hi-2
Program Pulsed Vi to V) VIH 13.0v 6V DN
Program Verify ViH ViL 13.0V (1% Dout
Program Inhibit VIH ViH 13.0V 5V Hi-Z
Output Disable Don't Care i VI 5V 5V Hi-Z




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 OFE) 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
Ve, 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 NMC27CP128
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 NMC27CP128 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 Il

shows the minimum NMC27CP128 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 V¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least & 0.1 F ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Ve 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 Il. Minlmum NMC27CP128 Erasure Time

Light Intensity Erasure Time
(Micro-Watts/cm2) (Minutes)
15,000 20
10,000 25
5,000 50
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NMC27C128B

National
Semiconductor

PRELIMINARY

NMC27C128B High Speed Version
131,072-Bit (16k x 8) UV Erasable CMOS PROM

General Description

The NMC27C128B 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 NMC27C128B 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 NMC27C128B 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.

Features
m 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 NSC800™ CMOS micro-
processor
m Single 5V power supply
Extended temperature range (NMC27C128BQE),
—40°C to +85°C, and military temperature range
(NMC27C128BQM), —55°C to +125°C available
Pin compatible with NMOS 128k EPROMSs
Fast and reliable programming (100 ps on 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

Block Diagram

NMC27C128B
DATA QUTPUTS 0p-0;
Vee O—> p —
GND O—
mo—s [NERNRAN
6 —>] outPuT ENABLE |, Pin Names
FoM—®|  ANDCHIP > ouTPUT AD-A13 Addresses
CE ENABLE LOGIC > BUFFERS —
CE Chip Enable
((—p . OE Output Enable
— nsc;nm . Y GATING 0p-07 Outputs
— > PGM Program
» NC No Connect
i
Weuts | — X : 65,536-817
—>»|  DEcoDER : CELL MATRIX
# .
L]
— >
—

TL/D/9689-1
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Connection Diagrams

h7C512]27C256(27C64|27Ca2]27C 16) Duamiﬁ:::,";ﬁage 27C16 | 27C32 |27C64| 27C256 |27C512

27512 | 27256 | 2764 | 2732 | 2716 2716 | 2732 | 2764 | 27256 | 27512
A15 | Vep | Vep Vep ]! 281=Vee Vee | Veo | Vec
a2 | a2 | a1z A1212 27—~ PGM FGM| A14 | A4
A7 | A7 | A7 | A7 | A7 A7-13 26=A13 Vee | Voo | NC | Aa13 | A13
a6 | A | A6 | A6 | as A6—14 2548 A8 | A8 | A8 | A8 | ns
A5 | As | A5 | A5 | As AS=15 24[=49 A9 A9 | A9 | A9 A9
Ad | A4 | A4 | A4 | Ag A4—16 o Vep | A1 | A11 ]| A1 | A1
A3 | A3 | A3 | A3 | A3 A3=17 22O OE |OE/Vpp| OE | OE [OE/Vpp
A2 | A2 | A2 | A2 | A2 A28 21[=A10 A10 | A10 } A10| A10 | A10
Al | AT | AL | A1 A1 A1—9 20[=ce CE/PGM| CE | CE [CE/PGM| CE
A0 | Ao | A0 | Ao | Ao A0—110 1910, o o7 | 0| o7 o7
0o | Og | O | O | Op Op—q 181~04 Os O¢ | Os | O Oe
o | 00 | 04| 0| O 012 17105 Os Os | Os | Os Os
02 | 02 | 02| 0s| 02 0,13 16f—0, O4 Os | 04 | O4 04
GND | GND | GND | GND | GND GND—] 14 15103 O3 O3 | 03| 03 O3

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 (0°C to +70°C)

Vee = 5V £10%
Parameter/Order Number Access Time (ns)
NMC27C128BQ120 120
NMC27C128BQ150 150
NMC27C1288Q200 200
NMC27C128BQ250 250

Extended Temp Range (—40°C to +85°C)

Vee = 5V £10%
Parameter/Order Number Access Time (ns)
NMC27C128BQE120 120
NMC27C128BQE150 150
NMC27C128BQE200 200

Military Temp Range (—55°C to + 125°C)

Vee = 5V £10%
Parameter/Order Number Access Time (ns)
NMC27C128BQM150 150
NMC27C128BQM200 200

177
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NMC27C128B

COMMERCIAL TEMPERATURE RANGE

Absolute Maximum Ratings (ote 1)
Temperature Under Bias —10°Cto +80°C
Storage Temperature —65°Cto +150°C

All Input Voltages except A9 with
Respect to Ground (Note 10)

All Qutput Voltages with
Respect to Ground (Note 10)

Vep Supply Voltage and A9

+6.5Vto —0.6V

Veec+1.0Vto GND—0.6V

Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (Note 7)

Temperature Range 0°Cto +70°C

with Respect to Ground Vcc Power Supply +5V +10%
During Programming +14.0Vto ~0.6V
Vce Supply Voltage with
Respect to Ground +7.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
L Input Load Current VIN = Vg or GND 0.01 1 pA
o Output Leakage Current Vout = Vcc or GND, CE = Vi 0.01 1 RA
Icci V¢ Current (Active) CE=V|,f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = Vi or Vi, 170 = 0 mA
Ioc2 Vg Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs Inputs = Voo or GND, I/0 = 0 mA
lccsBi Vgc Current (Standby) CE =V 04 1 mA
TTL Inputs
lccsae é%cocsu[r:,;ﬂ: S(Standby) E = Vcc 05 100 pA
Ipp Vpp Load Current Vpp = Vco 10 HA
ViL Input Low Voltage -0.2 0.8 \
ViH Input High Voltage 2.0 Veo + 1 v
VoL1 Output Low Voltage loL = 2.1mA 0.40 \
VoH1 Output High Voltage loy = —2.5mA 3.5 \Y
VoL Output Low Voltage loL = 10 pA 0.1 v
VoHz Output High Voltage loqy = —10 pA Veo — 0.1 \"
AC Electrical Characteristics
NMC27C128B
Symbol Parameter Conditions Q120 Q150 Q200 Q250 Units
Min | Max | Min | Max | Min | Max | Min | Max
tace Address to Output Delay CE=0E =V 120 150 200 250 ns
PGM = V|
toe CE to Output Delay OE =V, ,PGM = V4 120 150 200 250 ns
toe OE to Output Delay CE = V., PGM = Vi 50 60 75 100 | ns
toF OE High to Output Float CE=VPGM=Vy | 0 40 50 55 60 ns
tor CE High to Output Float OE = V;,PGM = Vi 40 50 55 60 ns
toH Output Hold from Addresses, | CE = OE = Vi
CE or OE, Whichever PGM = V| 0 0 0 0 ns
Occurred First
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Temperature Under Bias

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.

Storage Temperature

All Input Voltages except A9 with
Respect to Ground (Note 10)

All Output Voltages with

Respect to Ground (Note 10)

Vpp Supply Voltage and A9
with Respect to Ground

Operating Temp. Range
—65°Cto +150°C

+6.5Vto —0.6V

Vec+ 1.0V to GND—0.6V

Vce Supply Voltage with
Respect to Ground

Power Dissipation
Lead Temperature (Soldering, 10 sec.)

ESD Rating

(Mil Spec 883C,

Method 3015.2)

+7.0Vto —0.6V

Operating Conditions (Note 7)

Temperature Range
NMC27C128BQE120, 150, 200
NMC27C128BQM150, 200

1.0W

300°C

2000V

—40°Cto +85°C
—55°Cto +125°C

During Programming +14.0Vto —0.6V Ve Power Supply +5V +10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current Vin = Vg or GND 10 HA
Lo Output Leakage Current | Voyt = Ve or GND, CE = Viy 10 nA
leet Ve Current (Active) CE =V, f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = V)yor Vi, I/0 = 0 mA
loce Vgg Current (Active) CE = GND,f = 5MHz 10 20 mA
(Note 9) CMOS Inputs Inputs = Vgg or GND, I/0 = 0 mA
lccsst Vcc Current (Standby) CE=Vy 01 1 mA
TTL Inputs ]
lccse2 é%,,co%u,: iﬂts(standby) CE = Vg 05 100 pA
lpp Vpp Load Current Vpp = Voo 10 pA
ViL Input Low Voltage -0.2 0.8 \
ViH Input High Voltage 2.0 Vo + 1 \
VoL1 Output Low Voltage loL = 2.1 mA 0.40 \
VOH1 Output High Voltage loy = —1.6 mA 3.5 Vv
VoL2 Output Low Voltage loL = 10 uA 0.1 \"
VoHz2 Output High Voltage loy = —10 pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C128BQ
Symbol Parameter Conditions E120 E150,M150 E200, M200 Units
Min Max Min Max Min | Max
tacc Address to Output Delay %SI\E’I: ViL 120 150 200 ns
toe CE to Output Delay OE =V, PGM = V| 120 150 200 ns
toE OE to Output Delay CE = V|, PGM = Vi 50 60 75 ns
toF OE High to Output Float CE = V), PGM = Vi 40 50 0 55 ns
tcr CE High to Output Float OE = V), PGM = Vi 40 50 55 ns
ton Output Hold from Addresses, | CE = OE = vy
CE or OE, Whichever PGM = Viy 0 0 0 ns
Occurred First
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NMC27C128B

Capacitance 1, = +25°C, = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance Vin = 0V 6 12 pF

Court Output Capacitance Vout = OV 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8Vand 2V

Input Rise and Fall Times <5ns Outputs 0.8V and 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (notess, 7 &9)

LG )
ADDRESSES  2:9Y ADDRESSES VALID ot
PR
p— —
2.0v \
ce 0.8v £C /
)J le—top —»f
L—tcg—— NOTES 4,5
OE 2.0V \
OF 0.8v o) / t
toe DF
2.0V |Hi-Z » rotes) I 3, -.Nms"s)‘;l z
OUTPUT == VALID OUTPUT ©~ )
- tace . " t
(NOTE 3) TTOHR

TL/D/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: OF may be delayed up to tacc — tog after the falling edge of CE without impacting tacc.
Note 4: The tpr and tcg compare level is determined as follows:
High to TRI-STATE, the measured Vg1 (DC) —0.10V;
Low to TRI-STATE, the measured Vo(1 (DC) +0.10V.
Note &: 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 uF ceramic capacitor be used on
every device between Vgc and GND.

Note 7: The outputs must be restricted to Vgg + 1.0V to avold latch-up and device damage.
Note 8: 1 TTL Gate: o = 1.6 mA, lgy = —400 pA.
Cy: 100 pF includes fixture capacitance.
Note 9: Vpp may be connected to Vgg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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=
P ing Ch isti S
rogramming aracteristics (Notes1,2,389) o
N
Symbol Parameter Conditions Min Typ Max Units ?',
b
tas Address Setup Time 1 us 8
toEs OE Setup Time 1 ns @
tcES CE Setup Time OE = Vi 1 us
tps Data Setup Time 1 us
typs Vpp Setup Time 1 us
tvcs Vcc Setup Time 1 us
taH Address Hold Time 0 us
toH Data Hold Time 1 us
tor Output Enable to Output Float Delay CE=Vy 0 60 ns
tpw Program Pulse Width 95 100 105 us
toe Data Valid from OE CE=V, 100 ns
Ipp Vpp Supply Current During CE=V, 30 mA
Programming Pulse PGM = V|,
Icc Vee Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5
Vpp Programming Supply Voltage 12.5 12.75 13.0
tFR Input Rise, Fall Time 5 ns
Vi Input Low Voltage 0.0 0.45 \Y
VIH Input High Voltage 2.4 4.0 Y
tin Input Timing Reference Voltage 0.8 1.5 2.0 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 \
Programming Waveforms (note 3)
PROGRAM "52.‘.3’}@"
ADDRESSES (2, ADDRESS N -
__“41 tan | f—
DATA l::v muJ_% STAGLE Hi-Z 555 OUTALD %,_
el e [
80V 7
Yee —A‘ tves
vop 12 ] urs 7
CE osv -
fo-tors
oM oy 0
! *‘ozs“l [ toe—
o 2 .
o8 \‘——-55—/ TL/D/9689-4
Note 1: National's standard product warranty applies to devices programmed to specifications described herein.
Note 2: Voo 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 Vce.
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 uF capacitor is required across Vpp, Vcg to GND to suppress
spurious voltage transients which may damage the devics.
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
Par: are Design p s, not Tested or guaranteed.
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NMC27C128B

Fast Programming Algorithm Flow Chart (Note 4)

START
QDDR = FIRST LOCATION)
Vcc =6.25Y
VPP =12.75Y

>
P

—D@OGRAM ONE 100 s PULSE )
INCREMENT X

INCREMENT ADDR

LAST ADDR?
YES

Vcc= VPP= 5.0v

VERIFY
ALL BYTES

PASS

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/9689-5
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Interactive Programming Algorithm Flow Chart (ote 4)

( ADDR = FIRST LOCATION )

Vo = 6.0V
Vyp =12.5v

>
1 g

—->( PROGRAM ONE 0.5 ms PULSE)
INCREMENT X

INCREMENT ADDR

LAST ADDR?
YES

Voo =Vpp=5.0V £ 5%

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/9689-6
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NMC27C128B

Functional Description
DEVICE OPERATION

The six modes of operation of the NMC27C128B are listed
in Table |. It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Vg and
Vpp. The Vpp power supply must be at 12.75V during the
three programming modes, and must be at Vg in the other
three modes. The Vg 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 Vi except during programming. Assum-
ing that addresses are stable, address access time (tacc) is
equal to the delay from CE to output (tcg). Data is available
at the outputs toE after the faliing edge of OE, assuming
that CE has been low and addresses have been stable for
at least tocc-toE.

The sense amps are clocked for fast access time. Vgo
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 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 OF 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
oceur.

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
NMC27C1288.

Initially, and after each erasure, ali bits of the NMC27C128B
are in the “1” state. Data is introduced by selectively pro-
gramming “0s” into the desired bit locations. Although only
“0s” will be programmed, both “1s” and “0s” 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 V). It is re-
quired that at least a 0.1 uF capacitor be placed across
Vpp, Ve 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 us 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 1. Mode Selection
Pins CE* OE PGM Vpp Vee Outputs
Mode (20) (22) (27) (1) (28) (11-13, 15-19)
Read Vi ViL ViH Vce 5v Dour
Standby Viy Don’t Don’t Vece 5V Hi-Z
Care Care
Output Disable Don't ViH VIH Voo 5V Hi-Z
Care
Program Vi 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
NMC27C128Bs may be common. A TTL low level program
pulse applied to an NMC27C128B’s PGM input with CE at
V|L and Vpp at 12.75V will program that NMC27C128B. A
TTL high level CE input inhibits the other NMC27C128Bs
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 NMC27C128B 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 NMC27C128B 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 A1-A8, A10-A13, CE, and OE are held
at V.. Address AO is held at V_ for the manufacturer's
code, and at V| 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 NMC27C128B are such
that erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
(A). 1t 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
NMC27C128B 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/cm?2.

The NMC27C128B 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 ili
shows the minimum NMC27C128B 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 V¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 wF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. [n addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg 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 Il. Manufacturer’s Identification Code

Pins A0 | O7 | Og | O5 [ 04 | O3 | O2 | O4 [ Og [ Hex
(10) [ (19) | (18) | (17) | (16) | (15) | (13) | (12) | (11) | Data
Manufacturer Code | VL | 1 0 0 0 1 1 1 1 8F
Device Code Vig| 1 0 0 0 0 0 1 1 83
TABLE I1l. Minimum NMC27C128B Erasure Time
Light Intensity Erasure Time
(LW/cm?2) (Minutes)
15,000 20
10,000 25
5,000 50
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NMC27C128BN

National
Semiconductor

NMC27C128BN

PRELIMINARY

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.

Features

# Clocked sense amps for fast access time down
to 120 ns

B 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 NSC800™ CMOS
microprocessor

= Single 5V power supply

Pin compatible with 128k EPROMS

Fast and reliable programming

(100 ps on most bytes)

Static operation—no clocks required

TTL, CMOS compatible inputs/outputs

TRI-STATE® output

Manufacturer’s identification code for automatic

programming control

® High current CMOS level output drivers

Block Diagram
DATA OUTPUTS 0q-07

Vg O——pp p ~

GND O——p

no—s et

OF ——P] OUTPUT ENABLE > Pin Names
AND CHIP - OUTPUT
tE——p] ENABLELOGIC P BUFFERS AO-A13 Addresses
¢ CE Chip Enable
—] > OE
= ' : — OE Output Enable
—] DECODER . 0p-07 Outputs
—p] \d ———r
PGM Program
a0-m3,AR | =P
ADDRESS { =] >
INPUTS | ——p] X . 131,072.817
—b DECODER . CELL MATRIX
——pt .
ot .
L —p —p

—b

TL/D/9690-1
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Connection Diagram

NE8821 020NN

27C512]27C256(27C64)27C32|27C16 27C16 | 27C32 |27C64| 27C256 {27C512

27512 | 27256 | 2764 | 2732 | 2716 Duakin-Line Package 2716 | 2732 | 2764 | 27256 | 27512
A15 | Vpp | Vpp Vep =41 7] . Vec | Vec | Vec
A2 [ A12 | A2 a2z —d2 al— rem PGM| A14 | A14
A7 | A7 | A7 | A7 | A7 R " - Vec | Vec | NC | A13 | A13
A6 A6 A6 A6 A6 A5 — 4 250— ag A8 A8 A8 A8 A8
A5 | A5 | A5 | A5 | As s —s wul— A9 A9 | A9 | A9 A9
A4 | A4 | A4 | A4 | A4 m—s 2l—an Vep | A1 [ A11] A1 | ANt

A3 A3 A3 | A3 | A3 A3 e 7 22— OF OE |OE/Vpp| OE OE |OE/Vpp|
A2 A2 A2 A2 A2 A2 -8 21 = at0 A10 A10 | A10 A10 A10
Al Al | A1 | A1 | A1 A —{9 20 f— TE ICE/PGM| CE | CE |CE/PGM| CE
AO A0 A0 A0 | AO AD =] 10 9l—o Oy O7 Oy 07 07
Op Qg Op | Op | Og 0g— 1 18 o 05 Og Os Os Os Os
04 01 | 01| Oy | O 0 —]12 17 =05 Os Os | Os Os Os
02 O | O2 | O2 | O 0, — 13 16 k=0, O4 Os | O4 04 04
GND | GND [ GND | GND | GND GND — 14 15 fmee 03 O3 O3 O3 O3 O3

TL/D/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 (0°C to + 70°C)
Vece = 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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NMC27C128BN

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 —10°Cto +80°C
Storage Temperature —65°Cto +150°C
All Input Voltages except A9 with

Respect to Ground (Note 10)

All Output Voltages with
Respect to Ground (Note 10)

+6.5Vto —0.6V

Vgg+ 1.0V to GND—0.6V

Ve Supply Voltage with

Respect to Ground +7.0Vto —6.0V
Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (Note 7)

Temperature Range 0°Cto +70°C

Vpp Supply Voltage and A9 Ve 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
u Input Load Current ViN = Vccor GND 0.01 1 pA
Ito Output Leakage Current VouT = Ve or GND, CE = Vi 0.01 1 nA
lect Ve Current (Active) CE =V, f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = Vigor V|, I/0 = 0 mA
lccz Vge Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, 170 = 0 mA
lccsBi Ve Current (Standby) CE=VjH 0.1 1 mA
TTL Inputs
lccss2 \é(h;/lco %u:;z:: S(Standby) CE = Vg 05 100 pA
lpp Vpp Load Current Vpp = Voe 10 pA
ViL Input Low Voltage -0.2 0.8 v
ViH Input High Voltage 2.0 Veo + 1 "
VoL1 Output Low Voltage loL = 2.1 mA 0.40 \
VoH1 Output High Voltage loH = —2.5mA 3.5 v
VoL Output Low Voltage loL = 10 pA 0.1 "
VoH2 Output High Voltage loq = —10 pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C128B
Symbol Parameter Conditions N120 N150 N200 N250 Units
Min | Max [ Min | Max | Min | Max | Min | Max
tacc Address to Output Delay E OE = v_ 120 150 200 250 | s
PGM = Vi
tce CE to Output Delay OE = V|, PGM = V|4 120 150 200 250 ns
toe OE to Output Delay CE = V)LPGM = V| 50 60 75 100 | ns
o OE High to Output Float CE=V,PGM=Vy | © 40 0 50 0 55 0 60 ns
tor CE High to Output Float OE=V,PGM=Viy| 0 | 40 | © 50 | 0 | 55 60 ns
toH Output Hold from Addresses, | CE = OE = V|_
CE or OE, Whichever PGM = Viu 0 0 ] 0 ns
Occurred First
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Capacitance 1, = +25°C,f = 1 MHz (Note 2)

=
=
Q
N
Symbol Parameter Conditions Typ Max Units ?',
Ci Input Capacitance | Viy = OV 5 10 pF §
Coutr | OutputCapacitance | Vout = OV 8 10 pF g
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
Ci. = 100 pF (Note 8) Inputs 0.8Vand 2V
Input Rise and Fall Times <5ns Outputs 0.8V and 2v
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notess,7 &9)

1 (C

ApoResses 29 ADDRESSES VALID > x
0.8V fc
J)J
— 70V
CE osv \ N /
37
tC f— tcr —
€ (NOTES 4, 5)
— 2.0V \ |
0E o.8v (c /
tor >’ e tor |
(NOTE 3) cc (NOTES 4, 5)
2.0V Hi=Z )J p Hi-Z
oUTPUT 57 VAUD OUTPUT ,i)»)-i—
3J
tace
(NOTE 3) i ton

TL/D/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 tacc — toE after the falling edge of TE without impacting tacc.

Note 4: The tpF and tcg compare level is determined as follows:
High to TRI-STATE, the measured Vony (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 uF ceramic capacitor be used on
every device between Ve 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: g = 1.6 mA, Ioy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns max.




NMC27C128BN

Programming Characteristics (Notes 1,2,38 4)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 ps
tces CE Setup Time OE = V4 1 ps
tps Data Setup Time 1 ms
tvps Vpp Setup Time 1 ns
tvcs Vcc Setup Time 1 ]
tAH Address Hold Time 0 15
toH Data Hold Time 1 us
tor Output Enable to Output Float Delay CE=vV, 0 60 ns
tew Program Pulse Width 95 100 105 1S
toe Data Valid from OE CE=VyL 100 ns
Ipp Vpp Supply Current During CE=vV| 30 mA
Programming Pulse PGM = V),
Icc Vcc Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 Vv
Vep Programming Supply Voltage 125 12.75 13.0
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 Vv
Vi Input High Voltage 24 4.0 \
tN Input Timing Reference Voltage 0.8 1.5 2.0 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 \
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Programming Waveforms (note 3)

ROGRAM
|——— PROGRAM ————<——Pv€§n —
ADDRESSES &Yy ADDRESS N "
Ys tap| b
DATA 2 DATA IN STABLE Hi=Z IS o ouT AL
A OBV ADD N Y o0
6.0V 55
Vee tves
12.5v 55
Vep / typs
CE ogv ...
L-QCES-—
FoM oy o
4
- r"‘os" ~—tog—
& I | ./

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.
Note 2: Vo 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 Vcg.

TL/D/9690~-4

Note 3: The maximum absolute allowabte 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.t uF capacitor is required across Vpp, Vcc 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.

1-91

NE8Z1LJZ2ONN




NMC27C128BN

Fast Programming Algorithm Flow Chart (note 4)

START

( ADDR = FIRST LOCATION )

Vo =6.25V
Vpp =12.75V

>
Lq

—>{(_ PROGRAM ONE 100 us PULSE )
INCREMENT X

INCREMENT ADDR

NO
LAST ADDR?
YES

VCC =VPP =5V

VERIFY
ALL BYTES

PASS

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/g690-5
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Interactive Programming Algorithm Flow Chart (note 4)

START
(ADDR = FIRST LOCATION )

PROGRAM ONE 0.5ms PULSE)

INCREMENT X

INCREMENT ADDR

LAST ADDR?

Vec=Vpp=50V 257

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE
FAILED

I DEVICE PASSED

FIGURE 2

TL/D/9690~6
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NMC27C128BN

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C128BN are listed
in Table |. It shouid be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Vg and
Vpp. The Vpp power supply must be at 12.75V during the
three programming modes, and must be at V¢ in the other
three modes. The V¢ 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 V|4 except during programming. Assum-
ing that addresses are stable, address access time (tacc) is
equal to the delay from CE to output (tcg). Data is available
at the outputs to after the falling edge of OE, assuming
that CE has been low and addresses have been stable for
at least tacc-tog.

The sense amps are clocked for fast access time. Voo
should therefore be maintained at operating voltage during
read and verify. If Voc 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
occeur.

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
NMGC27C128BN are in the *“1” state. Data is introduced by
selectively programming “0s” into the desired bit locations.
Although only ““0s” will be programmed, both “1s” and “0s”
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 V. It is re-
quired that at least a 0.1 pF capacitor be placed across
Vpp, Ve 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 us pulses until it
verifies good, up to a maximum of 25 pulses. Most memory
cells will Program with a single 100 us 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 |. Mode Selection

Pins CE OE PGM Vpp Vee Outputs

Mode (20) (22) (27) (V)] (28) (11-13, 15-19)
Read Vi ViL ViH Vee 5V Dour
Standby ViH Don't Care Don't Care Vee 5V Hi-Z2
Output Disable Don’t Care ViH ViH Vee 5V Hi-Z
Program ViL ViH ViL 12.75V 6.25V Din
Program Verify Vi 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 TTL low level program
pulse applied to an NMC27C128BNs PGM input with CE at
VL and Vpp at 12.75V will program that NMC27C128BN. A
TTL 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, A10-A13, CE, and OE are held
at V|L. Address AO is held at V|_ for the manufacturer’s
code, and at V| 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, lcc,
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 V¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at leasta 0.1 uF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg 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 Ag 07 0g 05 04 03 02 04 0o 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 1 1 83
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NMC27C128C

National
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.

Features

m 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

m Single 5V power supply

m Pin compatible with standard CMOS and NMOS
EPROMs

m Performance compatible with current high-speed
microprocessors

| Fast and reliable programming (100 ps for most bytes)

M Static operation—no clocks required

m TTL, CMOS compatible input/outputs

m TRI-STATE output

m Manufacturer's identification code for automatic pro-
gramming control

m High current CMOS level output drivers

Block Diagram

DATA OUTPUTS 0g-07

Ve O——dp , .
GND Qb
o [TItTett
OF —»] OUTPUT ENABLE > PIn Names
—p AND CHIP TPUT
"‘g —p] ENABLE LOGIC > sejurfzgs A0-A13 Addresses
CE- Chip Enable
- » OE- Output Enable
L]
:: nsognsn . Y GATING 0p-07 Outputs
L]
—p] —>
A0-A13 | —b]
ADDRESS R
INPUTS :q —
X o 131,072-817
—p] DECODER CELL MATRIX
— .
—* L]
L - —
-

TL/D/9185-1
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Connection Diagram

O8ZLJLCONN

27C512|27C256(27C64|27C32(27C 16 NMC27C126C 27C16 | 27C32 |27C64| 27C256 |27C512

27512 | 27256 | 2764 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 2764 | 27256 | 27512
A15 | Vpp | Vep e = Ve Vec | Vec | Vec
A12 | A12 | A12 M2 —2 27— PR PGM| A14 | Al4
A7 A7 | A7 | A7 | A7 Ar ] 3 26— A13 Ve | Voo | NC | A13 A13
A6 | A6 | A6 | A6 | AB As —4 5 — M A8 A8 | A8 | A8 A8
A5 A5 | A5 | A5 | A5 A5 —15 Ul a9y A9 A9 | A9 A9 A9
Ad | A4 | A4 | A4 | A4 M=t 23— An Vpp | A11 [ A11]| A11 | AN

A3 | A3 | A3 | A3 | A3 A 'ﬂ 7 2— % OE |[OE/Vpp| OE | OE [OE/Vpp
A2 | A2 | A2 | A2 | A2 K2 =18 Af—an A10 | A10 | A0 | A10 [ A10
Al | A1 | At AT ] A M—ps - CE/PGM| CE | CE |CE/PGM| CE
A0 | A0 | A0 | A0 | Ao M 10 =0 0; o; | o, | o7 0,
Qo Oo O | Oo Oo o —1" W0 Og Og Og Og Og
04 o 04 o] 04 0 =% =0 Os Os Os Os Os
Oz 073 (o)) (o]} Oy . 0 =11 16—0, O4 O4 O4 O4 Oy
GND | GND |GND |GND | GND | SHO— ¥ bl ] O3 03 | 03| Og 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 (0°C to 70°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C128CQ 45 45
NMC27C128CQ 55 55
NMC27C128CQ 70 70
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NMC27C128C

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availabllity and specifications.
Temperature Under Bias ~10°Cto +80°C

Storage Temperature ~65°C to +150°C

All Output Voltages with

Respect to Ground (Note 10) Vgg+ 1.0V to GND —0.6V
Vpp Supply Voltage and A9

with Respect to Ground

During Programming +14.0Vto —0.6V

All Input Voitages 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

Ve Supply Voltage with (Mil Std. 883C, Method 3015.2) 2000V
Respect to Ground +7.0Vto —6.0V . .

Operating Conditions (Note 6)
Temperature Range 0°Cto +70°C
Ve Power Supply +5V £10%

READ OPERATION

DC Electrical Characteristics

Symbol Parameter Conditions Min Typ Max Units

I Input Load Current ViN = Vog or GND 0.01 1 RA

Lo Output Leakage Current Vout = Vec or GND, CE = Vi 0.01 1 pA

lpp1 Vpp Load Current Vpp = Vco . 10 pA

lcct V¢ Current (Active) f = 20 MHz, Inputs = V| or 30 70 mA

(Note 9) TTL Inputs ViL /0 =0mA

lcc2 Ve Current (Active) f = 20 MHz, Inputs = Vg or 25 50 mA

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

lccsB1 Ve Current (Standby) CE =V 2 5 mA

TTL Inputs
lccse2 Vcc Current (Standby) CE = Vg
CMOS Inputs 05 ! mA

ViL Input Low Voltage (Note 10) -0.2 0.8 \

ViH Input High Voltage 2.0 Vec + 1 \

VoLt Output Low Voltage lop = 16 A 0.40 \

VoH1 Output High Voltage loy = —2.5mA

3.5 v
(Note 7)

VoL2 Output Low Voltage loL = 10 pA 0.1 v

VoH2 Output High Voltage loy = —10 pA (Note 7) Ve — 0.1 \

AC Electrical Characteristics

NMC27C128C
Symbol Parameter Conditions Q45 ass aro Units
Min Max Min Max Min Max

tacc Address to Output Delay OE,=CE=V 45 55 70 ns

fce CE to Output Delay OE = V), 45 55 70 ns

toe OE to Output Delay CE=V| 25 25 30 ns
tor OE Disable to Output Float CE=V, 0 25 0 25 0 30 ns

(Note 2)

toF CE Disable to Output Float E=Vyp 0 25 0 25 0 30 ns

(Note 2)

toH Output Hold from Addresses, | OE, = CE = V|,

OF or CE, Whichever 0 0 0 ns
Occurred First
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Capacitance 1, = +25°C,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
Cin Input Capacitance ViN = 0V 6 12 pF
Cour Output Capacitance Vout = 0V 9 12 pF
AC Test Conditions
Input Rise and Fall Times <5ns Output Vref=2.01V
Input Pulse Levels 0.0V to 3.0V I R=97.60
Output Load is 97.602 between ICL =30pF
all output and 2.01V, CL = 30 pF (Note 8) L Output Loading
Timing Measurement Reference Level - ~
Inputs 0.8V and 2V TL/D/9185-3
Outputs 0.8V and 2V

AC Waveforms (Notes 6, 7 and 9)

|
ADDRESSES ~ 2V X
(NOTE1) 1V ADDRESSES VALID X
tee ——1
] —
G 2y /
1Y |
tog —~ e—ter _.1
—_ (NOTE3) (NOTES 4,5)
2V
OF
v /<—t,,r—-—
(NOTES 4,5) .
2v Hi=Z J77E | Wz
OUTPUT 5= L VALID OUTPUT D
tace oy
(NOTE 3)

TL/D/9185-4

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 tacc — tog after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcg compare level is determined as follows:
High to TRI-STATE, the measured VpH¢ {DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained by CE = Vjy or OF = V.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. it is recommended that at least a 0.1 uF ceramic capacitor be used on
every device between Vgc and GND.

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

Note 8: C, = 30 pF includes fixture capacitance.

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

Note 10: Inputs and outputs can undershoot to —2.0V for a maximum of 20 ns. N

1-99

08210/20NN




NMC27C128C

Programming Characteristics (Notes1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 ps
s Data Setup Time 1 ps
taH Address Hold Time 0 us
toH Data Hold Time 1 us
toF &Lg:):st ;n:)ble to Output Float Delay 0 50 ns
toes OE Hold Time 1 us
trw Program Pulse Width 95 100 105 s
lpp Vpp Supply Current During OE, CE,PGM = V), 60 mA
Programming Pulse
lcc Vce Supply Current 60 mA
tym1 ﬁ.to Date} Valid _PE—M =V, 01 us
During Verify Mode 1 E =V
tymeo CE to Data Valid P__ = Vi, o1 ps
During Verify Mode 2 E=Vy
tvps Vpp Setup Time 1 pns
tvcs Vee Setup Time 1 us
tces CE Setup Time OE = Viy 1 us
TaA Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 \
Vpp Programming Supply Voltage 12.5 12,75 13.0 v
trR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
VIH Input High Voltage 24 4.0 \
N Input Timing Level Reference Voltage 0.8 1.5 2.0 "
tout Output Timing Level Reference Voltage 0.8 1.5 2.0 Vv
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Programming Waveforms (ote 4)
PROGRAM PRO(G%BIEV‘E)RIFY -

PROGRAM VERIFY
(MODE 2)

ADDRESSES 29V ADDRESS N

08¢13/Z0NN

l-—‘m —
2.0V Hi=Z 2.0V A7 DATA VALID " DATA VALID
OUTPUT 787 DATA IN STABLE ) ooV S MooE 1 XX s —

QDS QDH «iDF——

vo, 25V
PP Yeo
typs—=

6.0V
Vec 08V tyes

e tyyz —

== 2oV )
CE oav \

<—tCES —]

Pou §av
tpw

‘-‘oss’l = tymi—1

_ R
o 38V N /

TL/D/9185-5
Note t: 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 Vcc.
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 uF capacitor is required across Vpp, Vo 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

p are design par not Tested or guaranteed.

1-101



NMC27C128C

Fast Programming Algorithm Flow Chart

( ADDR = FIRST LOCATION )

VCC= 6.25V

Vpp= 1275V

INCREMENT ADDR

Iq
»

—DGROGRAM ONE 100 s PULSE)

INCREMENT X

VERIFY BYTE
(MODE 1)

VERIFY BYTE
(MODE 1)

DEVICE
FAILED

VERIFY BYTE
(MODE 2)

VERIFY BYTE
(MODE 2)

LAST ADDR?

YES
Vee= Vpp=5.0V

READ
ALL BYTES

PASS

DEVICE
FAILED

DEVICE PASSED

FIGURE 1

TL/D/9185-6
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Functional Description

Device Operation

The modes of operation of the NMC27C128C are listed in
Table L. It should be noted that all inputs may be at TTL
levels. The power supplies required are Vpp and Vgg. The
Ve 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 V,_ 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. Vg should therefore be maintained at operating volt-
age during read and verify. If Voo 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 =
Vi and at a 0" state for CE = V).

During programming it is required that at least a 0.1 pF ca-
pacitor be placed across Vpp, Vcg 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 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 us pulses
until the device verifies good, up to a maximum of 25 pulses.
Most memory cells will program with a single 100 ps 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 TTL 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 TTL 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
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NMC27C128C

Program Verify (Continued)

mode is entered with Ve at 6.25V Vpp at 12.75V, OE at V)
and PGM at Vjy. CE is at Vjy and the data read for verify
mode 1, and CE is at V_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 [l 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 A1-A8, A10-A13, CE and OE are held
at V) and PGM is held at V|. Address A0 is held at V;_for
the manufacturer's code, and at V|y 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 2537A. The integrated dose (i.e.,

UV intensity x exposure time) for erasure should be a mini-
mum of 15 W-sec/cm?2.

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 Il
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 Vg transient voltage peaks can be suppressed by prop-
erly selected decoupling capacitors. It is recommended that
at least a 0.1 pF ceramic capacitor be used on every device
between Vo and GND. This should be a high frequency
capacitor of low inherent inductance. In addition, at least a
4.7 nF bulk electrolytic capacitor should be used between
Ve 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 Q)] (22) (20) (27) (28) (11-13, 15-19)
Read Vee Vi Vi ViH 5V Dout
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 Dout
Von if Blank
Verify (Mode 2) Vep ViL ViL ViH 6.25V Dout
Vo if Blank
Program Inhibit Vpp ViH ViH ViH 6.25V Hi-Z
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National
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 propristary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

Features

m 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

m Performance compatible to NSC800™ CMOS micro-
processor

m Single 5V power supply

m Extended temperature range (NMC27C256QE),
—40°C to +85°C, and military temperature range
(NMC27C256QM), —55°C to +125°C, available

| Pin compatible with NMOS 256k EPROMs

m Fast and reliable programming (0.5 ms for most bytes)

m Static operation—no clocks required

m TTL, CMOS compatible inputs/outputs

B TRI-STATE® output

u Optimum EPROM for total CMOS systems

Block Diagram

DATA OUTPUTS 04-07
Vcc H — .
GND O——b
o= [TItrees
OF —>] QUTPUT ENABLE R ' ) _
AND CHIP g OUTPUT Pin Names
CE—») FNALE Loue " BUFFERS A0-A14 Addresses
( ~c .
—b CE Chip Enable
—b Y P — OE Output Enable
PEGODER b 0p-07 Outputs
— >
PGM Program
AD-Al | =P :
ADDRESS { —; > NC No Connec
IS e ] e
L ]
—’ .
=) N
\ —P

TL/D/7512-1
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NMC27C256

Connection Diagram

27C512|27C128|27C64(27C32|27C16 NMC27C256Q 27C16 | 27C32 (27C64|27C128|27C512

27512 | 27128 | 2764 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 2764 | 27128 | 27512
A15 | Vpp | Vpp Ver —11 8= vec Vee | Vo | Veo
A12 | A12 | A12 a2 —2 27 A PGM | PGM | A14
A7 A7 | A7 | AT | A7 AT —{3 26| 13 Veo | Vec | NC | A13 | A13
A6 | A6 | A6 | A6 | A6 a5 —]a 25— as A8 A8 | A8 | A8 A8
A5 A5 A5 | A5 | A5 A5 =45 24— g A9 A9 AS A9 A9
A4 A4 A4 A4 A4 A4 =6 23— A1t Vpp A1 A1l Al1 A1l

A3 A3 | A3 | A3 | A3 M —]7 22— GE OE |OE/Vpp| OE | OE [OE/Vpp
A2 A2 | A2 | A2 | A2 a2 —4s 21f—an A10 | A10 | A0 | A10 | A10
A1 Al Al | Al | A1 At —o 0f—ctem  [CE/PGM| CE | CE | CE CE
A0 | A0 | AO | AD | A0 A —f10 9l—o e 0; | o7 | o7 o
. Og Oo Op Og Op 0g— 1 18 f— 05 Os Og¢ Og Og Og
04 04 0Oy |- O 04 07— 12 17 f 05 Os Os Os Os Os
Oy Oz (o2} Oz Oy 0, — 13 16 f=— 0, Oy O4 04 0Oy O4
GND | GND | GND | GND [ GND |  gxo—f 1 15}—o, (o} 03 | 03 | O3 O3

TL/D/7512-2
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 (0°C to +70°C)
Vee = 5V £5%

Parameter/Order Number Access Time
NMC27C256Q17 170
NMC27C256Q20 200
NMC27C256Q25 250
Commercial Temp Range (0°C to +70°C)
Vee = 5V £10%
Parameter/Order Number Access Time
NMC27C256Q200 200
NMC27C256Q250 250
NMC27C256Q300 300
Extended Temp Range (—40°C to +85°C)
Vee = 5V +£10%
Parameter/Order Number Access Time
NMC27C256QE200 200
NMC27C256QE250 250
Military Temp Range (—55°C to + 125°C)
Vee = 5V £10%
Parameter/Order Number Access Time
NMC27C256QM250 250
NMC27C256QM350 350
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COMMERCIAL TEMPERATURE RANGE
Absolute Maximum Ratings (ote 1)

Temperature Under Bias
Storage Temperature
All Input Voltages with
Respect to Ground (Note 10)
All Cutput Voltages with
Respect to Ground (Note 10)
Vpp Supply Voltage with Respect
to Ground During Programming

—10°Cto +80°C

—65°Cto +150°C

+6.5Vto —0.6V

Vee+1.0Vto GND-0.6V

+14.0Vto —0.6V

Power Dissipation

Lead Temperature (Soldering, 10 sec.)

Vce Supply Voltage with
Respect to Ground

1.0W

300°C

+7.0Vto —0.6V

Operating Conditions (Note 7)

Temperature Range
Ve Power Supply

0°Cto +70°C

NMC27C256Q17, 20, 25 5V £5%
NMC27C256Q200, 250, 300 5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
(M Input Load Current ViN = Vg or GND 10 MA
ILo Output Leakage Current VouT = Vec or GND, CE = Vi 10 pA
lcet Ve Current (Active) CE =V, f=5MHz 5 20 mA
(Note 9) TTL Inputs Inputs = Vjyor V), /0 = 0mA
lcce Ve Current (Active) CE = GND,f = 5MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vgc or GND, I/0 = 0 mA
lccsB1 ;/%f ﬁ::?snt (Standby) CE = V| 0.4 1 mA
lccsez é&cogulrr:iz: S(Stﬁmdby) E = Vco 05 100 LA
lpp Vpp Load Current Vpp = Voo 10 HA
ViL Input Low Voltage -0.1 0.8 \
VIH Input High Voltage 2.0 Voo + 1 "
Voui Output Low Voltage loL = 2.1 mA 0.45 v
VoH1 Output High Voltage lon = —400 pA 24 \
VoL2 Output Low Voltage loL = 0pA 0.1 \"
VoHz Output High Voltage loH = O pA Voo — 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
tacc Address to Output Delay CE=0CE=V 170 200 250 300 ns
tce CE to Output Delay OE =V 170 200 250 300 ns
toe OE to Output Delay CE=vV| 75 75 100 120 ns
tor OE High to Output Float CE =V 0 60 0 60 0 60 0 105 ns
tcr CE High to Output Float OCE=V) 0 60 0 60 0 60 0 105 ns
toH Output Hold from Addresses, | CE = OE = V).
CE or OE, Whichever 0 0 0 0 ns
Occurred First
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NMC27C256

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 availabllity and specifications.
Temperature Under Bias Operating Temp Range
Storage Temperature —65°Cto +150°C
All Input Voltages with
Respect to Ground (Note 10)
All Output Voltages with
Respect to Ground (Note 10)
Vpp Supply Voltage with
Respect to Ground
During Programming

+6.5Vto —0.6V

Vcc+ 1.0V to GND—0.6V

+14.0Vto —0.6V

Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
Ve Supply Voltage with

Respect to Ground +7.0Vto —0.6V

Operating Conditions (Note7)

Temperature Range
NMC27C256QE200, 250
NMC27C256QM250, M350

—40°Cto +85°C
—55°Cto +125°C

Vg Power Supply 5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current Vin = Vge or GND 10 pA
Lo Output Leakage Current Vout = Vcg or GND, CE = Vi 10 pA
loct Ve Current (Active) CE=V,f=5MHz 5 20 mA
(Note 9) TTL Inputs Inputs = Vi or V|, I/0 = 0 mA
Icc2 Ve Current (Active) CE = GND, f = 5 MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vgc or GND, 1/0 = 0 mA
lccsB1 Vcc Current (Standby) CE= Vi 01 1 mA
TTL Inputs
lccse2 \C/(’_‘;ACO Csu|rr:§3: S(Standby) CE = Vce 05 100 A
lpp Vpp Load Current Vpp = Vco 10 pA
viL Input Low Voltage -0.1 0.8 \"
ViH Input High Voltage 2.0 Vec+ 1 \Y
VoL1 Output Low Voltage loL = 2.1mA 0.45 \'
* Vo1 Output High Voltage loH = —400 pA 2.4 v
VoL Output Low Voltage lon = O pA 0.1 v
VoH2 Output High Voltage loH = O pA Vee — 0.1 \'
AC Electrical Characteristics
NMC27C256Q
Symbol Parameter Conditions E200 E250 M350 Units
M250
Min Max Min Max Min Max
tacc Address to Output Delay CE=0E=V, 200 250 350 ns
tce CE to Output Delay OE = V)L 200 250 350 ns
toe OE to Output Delay CE =V 75 100 120 ns
tor OE High to Output Float CE =V 0 60 0 60 0 105 ns
toH Output Hold from Addresses, | CE = OE = Vi_
CE or OE Whichever 0 0 0 ns
Occurred First
tce CE High to Output Float OE =V 0 60 0 60 0 105 ns
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Capacitance 1, = +25°C,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

Cin Input Capacitance ViN = 0V 6 12 pF

Cour Output Capacitance | Voyt = 0V 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8V and 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notess,729)

1¢

2.0v e
ADDRESSES 0.8V ADDRESSES VALID ce x
17

= T\ o S

7
l-—(cg —] NOTES 4,5
oF oV \
Ot %.av I /
_,l toe %_ il S tor |
2.0V Hiez (NOTE 3) e NOTES 4, 5) Himz
OUTPUT 7" et VALID OUTPUT S
0.8V 44
' . tacc . o o
(NOTE 3) OH

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: OE may be delayed up to tacc — to after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vo1 (DC) — 0.10V;
Low to TRI-STATE, the measured Vg4 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 pF ceramic capacitor be used on
every device between Vg and GND.

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

Note 8: 1 TTL Gate: lo, = 1.6 MA, Igy = —400 gA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vgc except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.

1-109

96¢3220NN




Programming Characteristics (otes1,2,384)

NMC27C256

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 us
toes OE Setup Time 2 1s
tvps Vpp Setup Time 2 us
tvcs Ve Setup Time 2 us
tos Data Setup Time 2 s
tAH Address Hold Time 0 us
toH Data Hold Time 2 us
tor Output Enable to Output Float Delay CE =V 0 130 ns
tpw Program Pulse Width 0.5 0.5 10 ms
toe Data Valid from OE CE =V 150 ns
Ipp Vpp Supply Current During 1= ViL 30 mA
Programming Puise PGM = V|

lec Ve Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 5.75 6.0 6.25 \
Vpp Programming Supply Voltage 122 13.0 13.3 \
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \"
Viy Input High Voltage 2.4 4.0 \"
tin Input Timing Reference Voltage 0.8 1.5 2.0 "
tout Output Timing Reference Voltage 0.8 1.5 20 \

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

Note 2: Vo 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 Vg

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 ding this 14V i specification. At least a 0.1 uF capacitor is required across Vpp, V¢c 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
P; are Design p not Tested or guaranteed.

Programming Waveforms (Note 3)

PROGRAM
PROGRAM VERIFY
ADDRESSES (23, ADDRESS N ot X
: 55
_A_S.' j | e
2V DATA N STABLE Hi-Z P R
DATA T ADD N \ ADD N
tos ton tor
575V 55
Voo _/r tyes
|
122v 55
Vep /| typs
— W r 55
& o T ]( L
‘c:s"l = tor—
oF 2y ,S F
0.8V Y :

TL/D/7512-4
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Interactive Programming Algorithm Flow Chart

START
Oooa = FIRST LOCATION)

Vo= 6.0V
Vpp= 13.0v

FROGRAM ONE .5 ms PULSE)

INCREMENT X

INCREMENT ADDR

LAST ADDR?

Vcc= VPP= 50V£57%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE
FAILED
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NMC27C256

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C256 are listed in
Table 1. It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Vgg 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 Vgg 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 (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least tacc — tog.

The sense amps are clocked for fast access time. Vo
should therefore be maintained at operating voltage during
read and verify. |If Vg 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 mods,
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
oceur.

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 *‘0s’ into the desired bit locations. Although only
“0s” will be programmed, both “1s” and “0s” 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 V). It is required that
at least a 0.1 uF capacitor be placed across Vpp, Vg 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/PGM input programs the paralieled
NMC27C256s.

TABLE |. 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 ViL Vi 13.0V 6V DiN
Program Verify ViH ViL 13.0v 6v Dout
Program Inhibit ViH ViH 13.0v ev 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 parallel with differ-
ent data is also easily accomplished. Except for CE all like
inputs (including OE) of the parallel NMC27C256s may be
common. A TTL 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
Ve, 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 (i.e., 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 I

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 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 V¢g transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. Itis recommended that at least a 0.1 pF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 wF bulk electrolytic
capacitor should be used between Vg 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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NMC27C256B

National

Semiconductor

NMC27C256B High Speed Version
262,144-Bit (32k x 8) UV Erasable CMOS PROM

General Description

quirements.

PRELIMINARY

Features
The NMC27C256B/87C256B 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-

The NMC27C256B/87C2568B is designed to operate witha ™
single + 5V power supply with = {0% tolerance. The CMOS m
design allows the part to operate over Extended and Military

temperature ranges.

The NMC27C256B/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 followigg 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.

B

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 (NMC27C256BQE),
—40°C to +85°C, and military temperature range
(NMC27C256BQM), —55°C to + 125°C, available

Pin compatible with NMOS 256k EPROMs

Fast and reliable programming (100 ps for most bytes)
Static operation for NMC27C256B—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

Block Diagram

Vg Ormm—p
GND O=—bp>
Vop O

DATA QUTPUTS 04-07

I

OF —=b] OUTPUT ENABLE

- En::nscr;;w - OUTPUT Pin Names
E 1 > BUFFERS
. - A0-A14 Addresses
j CE Chip Enable
— M o OE Output Enable
DECODER . ¥ GATING P
> 0p-07 Outputs
PGM Program
A-Al |~
ADDRESS { =] > NC No Connect
INPUTS | —; X : 262,487
—»{  DECODER : CELL MATRIX
—* o
—rp .
—p >

TL/D/9125-1
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Connection Diagram

89520/20NN

27C512 | 27C128 | 27C64 | 27C32 | 27C16 NMC27C256BQ 27C16 | 27C32 | 27C64|27C128 | 27C512

27612 | 27128 | 2764 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 2764 | 27128 | 27512
A5 Vep | Vep {1 2 v Vee | Vec | Vec
A12 A12 A12 a2 =2 27| At PGM | PGM A14
A7 A7 A7 | A7 | A7 Y 1] S Vee Vec | NC | A13 | At3
A6 A6 A6 | A6 | As P P . A8 A8 A8 | A8 A8
A5 AS A5 | A5 | A5 as—s tf—n A9 A9 | Ag | Ag A9
A4 A4 A | A4 | A4 Vg B 2f=an Vep AN | A1 | A1 | AN

A3 A3 A3 A3 A3 e B Py OE |OE/vpp| OE OE |OE/Vpp
A2 A2 a2 | a2 | A2 pro 2= an A10 A10 | A10 | A10 | A0
Al At Al A1 Al A—]y ] .. CE/PGM| CE CE CE CE
A0 A0 A0 A0 A0 a0 —f10 7] S8 07 07 07 07 07
Op Oo Op Op Og g {1t wh—o Og Og Og Og Og
0, 04 04 0, O o —{1 h—o, Os Os Os Os Os
0z (67} 02 Oz [¢7} 0y =13 1 =0, O4 O4 O4 04 04
GND | GND | GND | GND | GND oD — 4 wlo, [oN Oz | O3 | 04 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

Commerclal Temp Range (0°C to +70°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C256BQ120 120
NMC27C256BQ150 150
NMC27C256BQ200 200
NMC27C256BQ250 250

Extended Temp Range (—40°C to +85°C)
Vec = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C256BQE120 120
NMC27C256BQE150 150
NMC27C256BQE200 200

Military Temp Range (—55°C to + 125°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C256BQM150 150
NMC27C256BQM200 200
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NMC27C256B

COMMERCIAL TEMPERATURE RANGE

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Vpp Supply Voltage and A9

with Respect to Ground +14.0Vto —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°Cto +150°C ESD Rating
Vcc Supply Voltages with (Mil Spec 883C, Method 3015.2) 2000V
Respect to Ground +7.0Vto —0.6V .
All Input Voltages except A9 with Operatlng Condltlons (Note 6)
Respect to Ground (Note 10) +6.5Vto —0.6V Vce Power Supply o 5V +£10%
All Output Voltages with Temperature Range 0°Cto +70°C
Respect to Ground (Note 10) Vcg+ 1.0V to GND—0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current ViN = Vgcor GND 1.0 nA
ILo Output Leakage Current | Voyt = Vocor GND, CE = Viy 1.0 uA
lcct Ve Current (Active) CE=V|,f=5MHz 15 30 mA
(Note 9) TTL Inputs Al Inputs = V) or V), 1/0 = 0mA
lcca Ve Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs All Inputs = Vgg or GND, 1/0 = 0 mA
lccsBi Ve Current (Standby) CE=Vj 0.1 1 mA
TTL Inputs
lccsB2 Vg Current (Standby) CE = Vgo
CMOS Inputs 0.5 100 A
Ipp Vpp Load Current Vpp = Voo 10 pA
ViL Input Low Voltage -0.2 0.8 \
VIH Input High Voltage 20 Ve + 1 Vv
VoL1 Output Low Voltage loL = 2.1mA 0.40 v
VoH1 Output High Voltage loH = —2.5mA 3.5 v
VoLz Output Low Voltage loL = 10 pA 0.1 \
VoH2 Output High Voltage loH = —10 pA Ve — 0.1 v
AC Electrical Characteristics
NMC27C256B
Symbol Parameter Conditions Q120 Q150 Q200 Q250 Units
Min | Max [ Min | Max | Min | Max | Min | Max
tacc Address to Output Delay CE=0E=vV 120 150 200 250 ns
tcE CE to Output Delay OE = V)_ 120 150 200 250 ns
toe OE to Output Delay CE=V| 50 60 75 100 ns
tor OE High to Output Float CE =V 0 40 0 50 0 55 60 ns
tor CE High to Output Float OE = V. 0 40 0 50 0 55 0 60 ns
ton Output Hold from Addresses, | CE = OE = V;_
CE or OE, Whichever 0 0 0 0 ns
Occurred First
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MILITARY AND EXTENDED TEMPERATURE RANGE

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Vpp Supply Voltage and A9

with Respect to Ground +14.0Vto —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°Cto +150°C ESD Rating
Vcc Supply Voltages with (Mil Spec 883C, Method 3015.2) 2000V
Respect to Ground +7.0Vto —0.6V
Al Input Voltages except A9 with Operating Conditions (Notes)
Respect to Ground (Note 10) +6.5Vto —0.6V Ve Power Supply 5V +10%
All Output Voltages with Temperature Range
Respect to Ground (Note 10) Vgc+ 1.0V to GND—0.6V NMC27C256BQE120 —40°Cto +85°C
NMC27C256BQM150 —55°Cto +125°C
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
L Input Load Current ViN = Vcc or GND 10 pA
Lo Output Leakage Current Vout = Vcc or GND, CE = V4 10 nA
lcct Ve Current (Active) CE = V|, f = 5MHz 15 30 mA
(Note 9) TTL Inputs All Inputs = Vi or V), 1/0 = 0mA
lcc2 Ve Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs All Inputs = Vg or GND, I/0 = 0 mA
lccsB1 V¢ Current (Standby) CE =V 0.1 1 mA
TTL Inputs
lccse2 g&% Csu|:§$s(5tandby) E = Vg 05 100 wA
Ipp Vpp Load Current Vpp = Vco 10 RA
ViL Input Low Voltage —-0.2 0.8 v
ViH Input High Voltage 2.0 Ve + 1 \
Vor1 Output Low Voltage loL = 2.1 mA 0.40 \
VoH1 Output High Voltage loH= —1.6mA 3.5 \
VoLz Output Low Voltage loL = 10 pA 0.1 v
VoH2 Output High Voltage loy = —10 pA Vee — 0.1 v
AC Electrical Characteristics
NMC27C256B
Symbol Parameter Conditions QE120 351155% g;“;oo% Units
Min Max Min Max Min Max
tacc Address to Output Delay CE=0E=V 120 150 200 ns
tce CE to Output Delay OE=V, 120 150 200 ns
toE OE to Qutput Delay CE=V| 50 60 75 ns
toF OE High to Output Float CE = V)L 40 0 50 55 ns
ter CE High to Output Float OE = VL 40 50 55 ns
toH Output Hold from Addresses, | CE = OE = Vi,
CE or OE, Whichever 0 0 0 ns
Occurred First
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NMC27C256B

Capacitance 1, = +25°C, f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
CiN Input Capacitance ViN = OV 6 12 pF
Cout Output Capacitance Vourt = 0V 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
CL = 100 pF (Note 8) Inputs 0.8V and 2V
Input Rise and Fall Times <5ns Outputs 0.8V and 2v
Input Pulse Levels 0.45V to 2.4V
AC Waveforms (Notess, 74 9)
) { S
ADDRESSES gg‘\; g ADDRESSES VALID cc X
JJ
= 2.0V f
CE oy \ N /
) tCF
le— —
tee (NOTES 4, 5)
—= 2.0V
OF o.gv \ (¢ /
f i t
OE o or |
(NOTE 3) cc (NOTES 4, 5)
Hi=Z ) \ . Hi=Z
OUTPUT -[2,%— VALID OUTPUT cc ;»))E
JJ
tacc t
H |
(NOTE 3)

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 tacc.

Note 4: The tpr and tcp compare level is determined as follows:
High to TRI-STATE, the measured Vouy (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 6: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 pF ceramic capacitor be used on
every device between Vg and GND.

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

Note 8: 1 TTL Gate: Igp. = 1.6 mA, Igy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vcg except during programming.
Note 10: inputs and outputs can undershoot to —2.0V for 20 ns Max.
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=
. . a: =
Programming Characteristics notes1,2,384) o
N
Symbol Parameter Conditions Min Typ Max Units 3
tas Address Setup Time 1 ps o
— - »
toes OE Setup Time 1 us [v4]
tos Data Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Ve Setup Time 1 us
tAH Address Hold Time 0 us
ton Data Hold Time 1 1S
tor Output Enable to Output Float Delay 0 60 ns
tpw Program Pulse Width 95 100 105 us
toe Data Valid from OE OE=vV| 100 ns
Ipp Vpp Supply Current During CE=vVy 30 mA
Programming Pulse OE = V|4
lcc Vcc 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 125 12.75 13.0 Vv
trR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
VIH Input High Voltage 2.4 4.0 \
tin Input Timing Reference Voltage 0.8 1.5 2.0 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 Vv
Programming Waveforms
PROGRAM P@?.?.’}'#"
—
ADDRESSES 2%, ADDRESS N
- J:
~—~|{‘5 Y| f—
oata 2 GATA N STABLE Hi~Z I aetrr OUT VAL
0.8V ADD ‘h”_
tos ton tor
6.0v e
\/
cc —/ QVCS
§ [
12,5V o
Vep / typs
e}
& v
\!
oY <-*o:s“l [+ tor—
.
O—E 2 X s——/
08y SR ¢
TL/D/9125-5
Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.
Note 2: V¢ 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 Ve,
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, Vcc 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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NMC27C256B

Fast Programming Algorithm Flow Chart (Note 4)

START

( ADDR = FIRST LOCATION )

Ve =6.25V
Vpp= 12,75V

Y
1

—P(PROGRAM ONE 100 s PULSD
INCREMENT X

INCREMENT ADDR

NO
LAST ADDR?
YES

Vcc = Vpp =5.0v

VERIFY
ALL BYTES

PASS

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/9125-7
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Interactive Programming Flow Chart (note 4)

(( A00R = FIRST LOCATION )

Vo= 6.0V
VPF= 12.5v

I
L

-—»@cw ONE 0.5ms PULSE)
INCREMENT X

INCREMENT ADDR

DEVICE PASSED

FIGURE 2

DEVICE
FAILED

DEVICE
FAILED

TL/D/9125-6
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NMC27C256B

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C256B 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 Vog 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 Vg power supply must be at 6.25V dur-
ing the three programming modes, and at 5V in the other
three modes.

Read Mode

The NMC27C256B 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 (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
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. Ve
should therefore be maintained at operating voltage during
read and verify. If Voo 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 NMC27C256B has a standby mode which reduces the
active power dissipation by over 99%, from 110 mW to
0.55 mW. The NMC27C256B is placed in the standby mode
by applying @ 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 NMC27C256Bs 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
oceur.

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
NMC27C256B.

Initially, and after each erasure, all bits of the NMC27C256B
are in the 1" state. Data is introduced by selectively pro-
gramming “0s” into the desired bit locations. Although only
“0s" will be programmed, both ““1s” and “0s” can be pres-
ent in the data word. The only way to change a 0" to a *“1”
is by ultraviolet light erasure.

The NMC27C256B is in the programming mode when the
Vpp power supply is at 12,75V and OE is at Vjy. It is re-
quired that at least a 0.1 uF capacitor be placed across
Vep, Ve to ground to suppress spurious voltage transients
which may damage the device. The data to be programmed
is applied 8 bits in paralle! 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 NMC27C256B is programmed with the Fast
Programming Algorithm shown in Figure 1. Each Address is
programmed with a series of 100 us pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
program with a single 100 us 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-

fer 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 Vi Don’t Care 5V 5V Hi-Z
Qutput Disable Don't Care ViH 5V 5V Hi-Z
Program ViL Vin 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 NMC27C256Bs in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C256B 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
NMC27C2568B.

Program Inhibit

Programming multiple NMC27C256Bs in parallel with differ-
ent data is also easily accomplished. Except CE, all like
inputs (including OE) of the parallel NMC27C256Bs may be
common. A TTL low level program pulse applied to an
NMC27C256B CE input with Vpp at 12.75V will program that
NMC27C256B. A TTL high level CE input inhibits the other
NMGC27C256Bs from being programmed.

Program Verity

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
Ve except during programming and program verify.

Manufacturer’s Identification Code

The NMC27C256B 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 I,
specifically identifies the manufacturer and the device type.
The code for NMC27C256B 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 A1-A8, A10-A14, and all control pins
are held at V|_. Address pin A0 is held at V|_ for the manu-
facturer’s code, and held at Vi for the device code. The
code is read on the eight data pins, Og-O7. Proper code
access is only guaranteed at 25°C +£5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C256B 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 NMC27C256B 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 (i.e., UV intensity X exposure time) for erasure
should be a minimum of 15W-sec/cm2.

The NMC27C256B 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 NMC27C2568B 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 Vg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 u.F ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vcg 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 Il. Manufacturer’s Identification Code

Pins A0 07 0g [/ 04 03 02 04 11} Hex

(21) (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 1 0 0 04

TABLE 1ll. Minimum NMC27C256B Erasure Time

Light Intensity
(Micro-Watts/cm?)

Erasure Time
(Minutes)

15,000

20

10,000

25

5,000

50
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NMC27C256BN

National
Semiconductor

NMC27C256BN

PRELIMINARY

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.

Features

m Clocked sense amps for fast access time down to
120 ns

m Low CMOS power consumption
— Active power: 110 mW max
— Standby power: 0.55 mW max

® Performance compatible to NSC800™ CMOS micro-
processor

m Single 5V power supply

W Pin compatible with NMOS 256k EPROMs

= Fast and reliable programming (100 us for most bytes)

m Static operation for NMC27C256B—no clocks required

m TTL, CMOS compatible inputs/outputs

m TRI-STATE® output

| Optimum EPROM for total CMOS systems

m Manufacturer’s identification code for automatic pro-
gramming control

m High current CMOS level output drivers

Block Diagram

DATA OUTPUTS 04-0;
Voo Ompp ~— ~
GND O——b
wo—r [EARERNRNI
OF OUTPUT ENABLE > )
AND CHIP _ OUTPUT Pin Names
[v3 ENABLE LOGIC = BUFFERS
. A0-A14 Addresses
—b CE Chip Enable
o v > —
— OECODER : Y GATING OE Output Enable
—] > 0p-07 Outputs
PGM Program
Ao-at4 | —
ADDRESS { — — NC No Connect
INPUTS | —p] X . 262,181
—»]  DECODER : CELL MATRIX
—fpt .
w—pt .

TL/D/9691-1
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Connection Diagram

=

=

0

N

27C512|27C128|27C64(27C32|27C16 NMC27C256BN 27C16 | 2732 |27C64]27C 128 27C512 g

27512 | 27128 | 2764 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 2764|27128| 27512 || &

A15 | Vpp | Vpp w s n . Veo | Veo | Voo || 2
A12 | A2 | A12 e —l2 i PGM| PGM | A14
A7 A7 A7 | A7 | A7 . N ] e Vee Vecc | NC | A13 A13
A6 A6 A6 A6 A6 As =] ¢ 20— as A8 A8 A8 A8 A8
A5 | A5 | A5 | A5 | A5 r P A9 A9 | A9 | A9 A9
A4 A4 A4 | A4 | A4 m—s uf—an Vpp A1l | A1t | A1 A1

A3 A3 A3 A3 A3 an—7 22— BE OE |[OE/Vpp| OE OE | OE/Vpp

A2 | A2 | A2 | A2 | A2 s 2t}— a0 A10 | A10 | At0| A10 | At0
Al Al Al | A1 | At m—]s wf—t CE/PGM| CE | CE | CE CE
A0 AO A0 A0 AO am—{n 19 }=—0, 07 07 07 O7 O7
Op Qo Op Oo | Oo oo —{ 1 18 =04 Og Og O Og Os
04 04 04 04 04 0 — 1 17— o0, Os Os Os Os Os
Oz 02 Oy (o7} (e} 02— 1 1 p—o, O4 O4 (o) Oy O4
GND | GND | GND | GND | GND ono—fu sheo O3 03 | 03| 05 o

TL/D/9691-2

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C256BN pins.

Order Number NMC27C256BN
See NS Package Number N28B

Commercial Temp Range (0°C to + 70°C) Vgc = 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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NMC27C256BN

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 —10°Cto +80°C
Storage Temperature —65°C to +150°C

All Input Voltages except A9 with
Respect to Ground (Note 10)

All Output Voltages with

+6.5Vto —0.6V

Power Dissipation 1.0W
Ve Supply Voltage

with Respect to Ground +7.0Vto —0.6V
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (ote7)

Respect to Ground (Note 10) Vg + 1.0V to GND—0.6V

Temperature Range

0°Cto +70°C

Vep Supply Voltage and A9 with Vg Power Supply 5V £10%
Respect to Ground +14.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
T} Input Load Current VIN = Vg or GND 1 pA
Lo Output Leakage Current Vout = Vec or GND, CE = Viy 1 pA
lect Ve Current (Active) CE =V, f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = Vi or Vi, 1/0 = 0 mA
leco Vce Current (Active) CE = GND,f = 5 MHz 10 20 mA
(Note9) | CMOS Inputs Inputs = Vg or GND, 1/0 = 0 mA
lccset Vg Current (Standby) CE=VH 0.4 1 mA
TTL Inputs
lccsB2 g&% (;ul::rll:s(standby) CE = Vg 05 100 A
lpp Vpp Load Current Vpp = Vco 10 RA
ViL Input Low Voltage -0.2 0.8 \
Vi Input High Voltage 2.0 Ve + 1 \
VoL1 Output Low Voltage loL = 2.1 mA 0.40 \Y
VOH1 Output High Voltage loH= —2.5mA 3.5 Vv
VoL2 Output Low Voltage loL = 10 pA 0.1 \"
VoH2 Output High Voltage loH = —10 pA Ve — 0.1 \
AC Electrical Characteristics
NMC27C256BN
Symbol Parameter Conditions 120 150 200 250 Units
Min | Max | Min | Max | Min [ Max | Min | Max
tace Address to QOutput Delay CE=0E=V, 120 150 200 250 ns
tce CE to Output Delay OE = VL 120 150 200 250 ns
toE OE to Output Delay CE=vV 50 60 75 100 ns
tor OE High to Output Float CE =V 0 40 0 50 0 55 0 60 ns
tcr CE High to Output Float OE = V. 40 0 50 0 55 0 60 ns
ton Output Hold from Addresses, | CE = OE = Vi
CE or OE, Whichever 0 0 0 0 ns
Occurred First
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Capacitance 1, = +25°C,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiNn Input Capacitance ViN = 0V 5 10 pF

Cout Output Capacitance Vout = 0V 8 10 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8Vand 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notese,7&9)

I L
PR
ADDRESSES @ ADDRESSES VALID ot X
27
& T T\
Ce a8V 5
37 ‘_(CF
teg — (NOTES 4,5)
& oo\
OE 0.8v £ /
toe tor
2.0V Hi-Z —4 (NoTES) 1 Zjoonses Ti z
- i~ 3 TRESY His
ourPUT " = VALID OUTPUT  °~ P
’ tace v Y
(NOTE 3) TR

TL/D/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: OE may be delayed up to tacc — to after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vo1 (OC) — 0.10V;
Low to TRI-STATE, the measured Vo1 (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 uF ceramic capacitor be used on
every device between Vg and GND.

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

Note 8: 1 TTL Gate: o = 1.6 mA, Ioy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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Programming Characteristics (Notes 1,2,384)

NMC27C256BN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 ps
tps Data Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Ve Setup Time 1 us
taAH Address Hold Time 0 us
toH Data Hold Time 1 us
toF Output Enable to Output Float Delay 0 60 ns
trw Program Pulse Width 95 100 105 us
toe Data Valid from OE OE=vV 100 ns
Ipp Vpp Supply Current During CE = V)L 30 mA
Programming Pulse OE = V4

lcc Vce Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 \"
Vpp Programming Supply Voltage 12.5 12.75 13.0 \
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \"
ViH Input High Voltage 24 4.0 \
N Input Timing Reference Voltage 0.8 1.5 20 ns
tout Output Timing Reference Voltage 0.8 1.5 2.0 ns

Programming Waveforms

PROGRAM
PROGRAM R
55
ADDRESSES ¥, ADDRESS N -
S
._"i..‘l-; :I [ |
__{2" TATA IN STABLE Hi=Z P T
DATA ooV ADDN ‘hSi ADD N
4
tos tou [=—=itor
8.0V 55
Yee —A‘ tves
I
125 55
Ve tvs
G N ;
[
L“o:s*l [ tog—
—
G —
O gav \i /

TL/D/9691-4
Note 1: National's standard product warranty applies only to devices programmed to specifications described herein,

Note 2: Vg 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 Vog.

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 nF capacitor is required across Vpp, Ve 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
Par are Design p ters, not Tested or guaranteed.
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Fast Programming Algorithm Flow Chart (ote 4)

( ADDR = FIRST LOCATION )

Vo = 6.25V
Vpp = 1275V

IS
»

—P@GRAM ONE 100 a5 PULSE)

INCREMENT X

INCREMENT ADDR

LAST ADDR?

Vee =Vpp =5V

VERIFY
ALL BYTES

PASS

DEVICE PASSED

FIGURE 1

DEVICE
FALED

DEVICE
FAILED

TL/D/9691-5
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NMC27C256BN

Interactive Programming Algorithm Flow Chart (ote 4)

START

( ADDR = FIRST LOCATION

Voo = 6.0V
VPP =125V

>
g

—-»GROGRAM ONE 0.5 ms PULSE )

INCREMENT X

F Y

INCREMENT ADDR LAST ADDR ?

Voo =Vpp=5.0V £ 5%

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/9691-6
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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 TTL levels. The power supplies required are Vgg 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 Vg 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 contro! 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 (tacc) is equal to
the delay from CE to output (tcg). Data is available at the
outputs tog 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. Voo
should therefore be maintained at operating voltage during
read and verify. If Voo 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 contro! 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 “0s" into the desired bit locations.
Although only ““0s” will be programmed, both “1s” and “0s"
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 V. It is re-
quired that at least a 0.1 pF capacitor be placed across
Vpp, Vg 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 NMC27C256BN is programmed with the
Fast Programming Algorithm shown in Figure 1. Each Ad-
dress is programmed with a series of 100 ps pulses until it
verifies good, up to a maximum of 25 pulses. Most memory
cells will program with a single 100 ps 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) (N (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 Vi ViH 12.75V 6.25V Din
Program Verify VIH ViL 12.75V 6.25V Dout
Program Inhibit ViH ViH 12.75V 6.25V Hi-Z2
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NMC27C256BN

Functional Description (continued)

TTL pulse applied to the CE input programs the paralleled
NMC27C256BNs.

The NMC27C256BN 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
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
Ve 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 A1-A8, A10-A14, and all control pins
are held at V). Address pin A0 is held at V;_for the manu-
facturer’s code, and held at Vi for the device code. The
code is read on the eight data pins, Op—O7. 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 Vg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg 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 Ag 07 17 05 04 03 02 04 0o Hex

(21) (19) (18) (a7 (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 1 0 0 04
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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.

Features
m Clocked sense amps and two transistor memory cell for
fast access time down to 55 ns
m Low CMOS power consumption
— Active power: 275 mW max
— Standby power: 5.5 mW max
m Performance compatible to current high speed micro-
processors
m Pin compatible with standard CMOS and NMOS
EPROMS
Single 5V power supply
Fast and reliable programming (100 ps 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

Block Diagram

Ve O—>
GND O=——> DATA QUTPUTS Og =0,
e Pttt
OF OUTPUT ENABLE
AND CHIP OUTPUT
et > ENABLE LOGIC > BUFFERS
. Pin Names
—> ||
— v o Pin Name Description
— DECODER ° Y GATING AO-A14 Addresses
— CE Chip Enabl
—p —> o ip Enable
AO=A14 | ——p —> OE Output Enable
ADDRESS { ——p [ ]
INPUTS | =] ° 00-07 Outputs
X 262,144 -BIT
—p ° 144 -
—] DECODER ° CELL MATRIX
——pl
— °
L — —P

TL/D/9692-1
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NMC27C256C

Connection Diagram

27C512|27C128|27C64/27C32|27C16

27512 | 27128 | 2764 | 2732 | 2716
A15 | Vpp | Vpp
A12 | A12 | Al2
A7 A7 A7 | A7 | A7
A6 A6 A6 A6 A6
AS A5 A5 | A5 | A5
A4 A4 A4 | A4 | A4
A3 A3 A3 | A3 | A3
A2 A2 A2 | A2 | A2
Al Al Al A1l A1l
A0 A0 A0 | AD | AO
Op Op Op | Oo | Oo
04 04 04 04 04
(o)) Oz Oz [ O2 | O2

GND | GND | GND | GND | GND

NMC27C256CQ

Dual-In-Line Package

Vpp =—q 1
A2 =g 2
A7 =3
A6 =—d 4
A5 =4 5
A4 =g 6
A —q7
A2 —18
Al =9’
AQ =i 10
Og—f 11
0y =—q 12
0; =413
GND = 14

28
27
26
25
2
23
2
2
20

27C16 | 27C32 |27C64|27C128|27C512
2716 2732 | 2764 | 27128 | 27512
— Ve Vec | Vec | Vee
= Al4 PGM | PGM Al4
— A3 Voo | Vec | NG | A13 | A13
— A8 A8 A8 A8 A8 A8
— A9 A9 A9 A9 A9 A9
— Al vep | A11 | A1 | A11 | A1
— OF OE |OE/Vpp| OE OE |OE/Vpp
b A10 A10 A10 A10 | A10 A10
— & CE/PGM| CE | CE | CE | CE
— 01 07 Oy 07 O; Oy
— O Os Os | Os | Os Os
— 0s Os Os | Os | Os Os
= 04 O4 Oy Oy Oy Oy
03 o} O3 O3 | O3 O3

TL/D/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 (0°C to 70°C) Vg = 5V £ 10%

Parameter/ Access
Order Number Time (ns)
NMC27C256CQ55 55
NMC27C256CQ70 70
NMC27C256CQS0 90

1-134




=
=
COMMERCIAL TEMPERATURE RANGE 0
]
. . ~
Absolute Maximum Ratings (ote 1) Q
If Military/Aerospace specified devices are required, ESD Rating g;
contact the National Semiconductor Sales Office/ (Mil Spec 883C, Method 3015.2) 2000V o
Distributors for availability and specifications. Vpp Supply Voltage and A9 with Respect
Temperature Under Bias —10°C to +80°C to Ground During Programming +14.0Vto —0.6V
Storage Temperature —65°Cto +150°C Power Dissipation 1.0W
All Input Voltages except A9 with Lead Temperature (Soldering, 10 sec.) 300°C
Respect to Ground (Note 10) +6.5Vto —0.6V
All Output Voltages with Operating Conditions (ote 7)
Respect to Ground (Note 10) Vg + 1.0V to GND—0.6V Temperature Range 0°Cto +70°C
Ve Supply Voltage and A9 Ve Power Supply +5V £10%
with Respect to Ground +7.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current ViIN = Vgc or GND 0.01 1 pA
ILo Output Leakage Current Vout = Vg or GND, CE = V|4 0.01 1 nA
Ipp Vpp Load Current Vpp = Vco 10 nA
lccy Vcc Current (Active) CE = V), f = 20 MHz 30 70 mA
(Note 9) TTL Inputs Inputs = Viyor Vi, I/0 = 0 mA
lccz Ve Curre. * {Active) CE = GND, f = 20 MHz 25 50 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA
lccsB1 Vcc Current (Standby) CE = 2,40V 2 5 mA
TTL Inputs
lccse2 Vg Current (Standby) CE = V¢
CMOS Inputs 0.5 1.0 mA
ViL Input Low Voltage (Note 10) -0.2 0.8 \"
Vi1 Input High Voltage 2.0 Voo + 1 \
Vou1 Output Low Voltage loL = 16 MA 0.40 "
VoH1 Output High Voltage loH = —2.5mA (Note 7) 3.5 \"
VoLz Output Low Voltage loL = 10 pA 0.1 \
VoH2 Output High Voltage loq = —10 pA (Note 7) Vee — 0.1 \"
AC Electrical Characteristics
NMC27C256C
Symbol Parameter Conditions Q55 Q70 Q90 Units
Min Max Min Max Min Max
tacc Address to Output Delay CE =V, OE = V_ 55 70 90 ns
tce CE to Output Delay OE = VL 55 70 90 ns
toe OE to Output Delay CE = V)L 25 30 40 ns
toF OE High to Output Float E =V, 0 25 0 30 0 40 ns
(Note 2)
tcr CE High to Output Float E =V 0 25 0 30 0 40 ns
(Note 2)
ton Output Hold from Addresses, | CE = OE = V.
CE or OE, Whichever 0 0 0 ns
Occurred First
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NMC27C256C

Capacitance 1, = +25°C,1 = 1 MHz (Note 2)

TL/D/9692-3

Symbol Parameter Conditions Typ Max Units

CiNn Input Capacitance ViN = 0V 6 12 pF

Cout Output Capacitance Vout = 0V 9 12 pF -
AC Test Conditions
Input Rise and Fall Times <5ns outout Vref=2.01V
Input Pulse Levels 0V to 3.0V e R=97.60 o
Output Load is 97.60 between All Outputs and 2.01V, C1=30pF Output Loading

CL = 30 pF (Note 8) T

Timing Measurement Reference Level =

Inputs 0.8V and 2V

Outputs 0.8Vand 2V
AC Waveforms (otess,7,9)

l
ADDRESSES 3:{‘ ADDRESSES VALID x

CE Vm \
(NoTE 11) Vi

tee
(NOTE 3)

oF VM
(NoteE 11) Vi

(S )
-

ter
e
(NOTES 4._5ﬂ

toe

I
-

— tDF —
(NOTES 4,5)

VALID OUTPUT

(6 SO oY
\.‘—\ -

N\ Hi=Z
18};%

(NOTE 3)
v Hi-Z
OUTPUT
oL
tace
(NOTE 3)

—» toy fe—

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: OE may be to tacc — tog after address change without impacting tacc.

Note 4: The tpF and tce compare level is determined as follows:
High to TRI-STATE, the measured Vo (DC) — 0.10V;
Low to TRI-STATE, the measured Vg4 (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 uF ceramic capacitor be used on

every device between Vo and GND.

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

Note 8: C_: 30 pF includes fixture capacitance.
Note 9: Vpp may be connected to V¢e except during programming.
Note 10: Inputs and outputs can undershoot —2.0V for a maximum of 20 ns.
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Programming Characteristics (Notes1,2,384)

=
S
N
Symbol Parameter Conditions Min Typ Max Units ?—‘,
tas Address Setup Time 1 us §
toEs OE Setup Time 1 ps o
tps Data Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Vce Setup Time 1 us
tAH Address Hold Time 0 us
ton Data Hold Time 1 us
toF Output Enable to Output Float Delay (Notes 5, 6) 0 60 ns
tew Program Pulse Width 95 100 105 us
Ipp Vpp Supply Current During E =V 60 mA
Programming Pulse OE = V|
lec Ve Supply Current 60 mA
Ta Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 X v
Vpp Programming Supply Voltage 12.5 12.75 13.0 \
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
ViH Input High Voltage 2.4 4.0 v
tN Input Timing Reference Voltage 0.8 1.5 2.0 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 \
tym1 Data. Valid from OE V_pp = Vpp 0.1 s
(Verify Mode 1) CE = V|
tym2 Data} Valid from CE V_pp = Vpp 0.1 us
(Verify Mode 2) OE = V).
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NMC27C256C

Programming Waveforms (note 4)

PROGRAM INHIBIT (Jgg’g) g
ADDRESSES z'u'_‘ x
he—tas — tay
. 7—— Wr | e e KX e p———
tos— — tvms — — g ~—
)
- i \
typs — —toH — Le—tpr —
E e
tew L—*ocs-l
« ¥ \ /U

l‘— tyes —
Vo 60V
cc M

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

Note 2: Vg 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 Vgg.

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 pF capacitor is required across Vpp, Vcc 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.

TL/D/9692-5
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Fast Programming Algorithm Flow Chart

( ADDR = FIRST LOCATION )

Vcc =6.25V

%

PROGRAM ONE 100 us PULSE
WITH Vpp = 12.75V
INCREMENT X

VERIFY BYTE
(MODE 1)

VERIFY BYTE
(MODE 1)

DEVICE
FAILED

VERIFY BYTE
(MODE 2)

VERIFY BYTE
(MODE 2)

_PASS

INCREMENT ADDR

LAST ADDR?

YES

Voo =Vpp=5.0V
READ DEVICE
ALL BYTES FAILED
PASS

DEVICE PASSED

FIGURE 1

TL/D/9692-6
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NMC27C256C

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
Vce. The Ve 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 Vg 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 (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least tacc—tog.

The sense amps are clocked for fast access time. Voo
should therefore be maintained at operating voltage during
read and verify. If Voc 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
oceur.

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 = V|y and at a 0" state for CE =
VL

The NMC27C256C is in the program mode when Vpp is
raised to 12.75V and OE is at V. It is required that at least
a 0.1 uF capacitor be placed across Vpp, Vg 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 OF Vpp Vee %t:tf:xg

Mode (20) (22) 4} (28) (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 Dout
12.75V 6.25V Vo if Blank)

Verify (Mode 2) Vi ViL Dout
12.75V 6.25V Vo if Blank)

Program Inhibit Viy VIH 12.75V 6.25V Hi-Z
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Functional Description (ontinued)

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 ps pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
program with a single 100 us 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 V). CE is at
V4 and the data read for verify Mode 1, and at V|_ 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 ll, 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 A1-AB, A10-A13, CE and OE are held
at V. Address AO is held at V| for the manufacturer's
code, and at V| 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). 1t 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 2537A. The integrated dose (i.e.,
UV intensity X exposure time) for erasure should be a mini-
mum of 15 Wsec/cm2.

TABLE Il. Manufacturer’s Identification Code

Pins A0 o7 06 05 04 03 02 o1 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 0 0 0 0 0 1 0 0 04
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NMC27C256C

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 i
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 lII. Minimum NMC27C256C Erasure Time

Light Intensity Erasure Time
(LW/cm**2) (Minutes)
15,000 20
10,000 25
5,000 50

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 Vg transient voltage peaks can be suppressed by prop-
erly selected decoupling capacitors. It is recommended that
atleasta 0.1 uF 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 pF bulk electrolytic capacitor should be used between
Vec 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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National
Semiconductor

NMC27C512A

PRELIMINARY

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 reprogrammable 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.

Features
m Clocked sense amps for fast access time down to
120 ns
m Low CMOS power consumption
— Active Power: 110 mW max
— Standby Power: 0.55 mW max
B Optimum EPROM for total CMOS system
m Performance compatible to NSC800™ CMOS
microprocessor
m Single 5V power supply
Extended temperature range (NMC27C512AQE),
—40°C to 85°C, and military temperature range
(NMC27C512AQM), —55°C to 125°C, available
Pin compatible with NMOS 512k EPROMS
Fast and reliable programming (100 ns 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.
m High current CMOS level output drivers

Block Diagram

DATA QUTPUTS 09-0;

Vo O—> p .
GND O=————p>
mo—s Lt
OF —>] OUTPUT ENABLE -> ) )
AND CHIP | OUTPUT
TE —p] ENABLE LOGIC > BUFFERS
, Pin Names
i R AO-A15 Addresses
' " ~E= .
—3|  oecooen N Y GATING CE Chip Enable
—b > OE/Vpp Output Enable/Pro-
gramming Voltage
AD-A15 | —P
ADDRESS { ~——pi N 0p-07 Outputs
PUTS g p—
N - X : 524,288-81T PGM Program
—b DECODER . CELL MATRIX
= .
L]
— —
\ —P

TL/D/9181-1
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NMC27C512A

Connection Diagram

27C256(27C128(27C64(27C32(27C16 NMC27C512AG 27C16 | 2732 [27C64|27C128[27C258]

27256 | 27128 | 2764 | 2732 | 2716 Dual-n-Line Package 2716 | 2732 | 2764 | 27128 | 27256
Vep | Vpp | Vep s —{1 B v Vec | Vec | Vee
A12 A12 | A12 Az —{2 1] S PGM | PGM | A14
A7 A7 A7 | A7 | A7 a3 %= at3 Vec | Vec | NC | A13 | A13
A6 A6 A6 A A6 2 —a 25— A8 A8 A8 A8 A8
A5 A5 A5 A5 A5 a5 =15 ub— a9 A9 A9 A9 A9 A9
A4 A4 A4 | A4 | A4 u—{s <] Vep | A1 | A11 | A1 A1
A3 | A3 | A3 | A3 | A3 o 8 2= BErver OE |[OE/vep| OE | OE | OE
A2 A2 A2 A2 A2 2 —{s 21— An0 A10 A10 | A10 | A10 A10
A1 A1 Al | A1 | A1 sy uj—= CE/Vpp| CE | CE | CE CE
A0 AO A0 A0 A0 A0 =10 19 0, 07 07 07 O7 (074
Oo Op Op Op Og 0 —{ ¥ 18— o5 Og Og Os Og O¢
04 04 04 O4 04 0 —n 17h—o0s Os Os Os Os Osg
02 Oz | O2 | Oz | O2 o —u 16}=0, O4 O4 | Og | O4 O4
GND | GND | GND { GND | GND N —f 1 15 f0, O3 O3 O3 O3 O3

TL/D/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 (0°C to +70°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C512AQ120 120
NMC27C512AQ150 150
NMC27C512AQ200 200
NMC27C512AQ250 250

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

Parameter/Order Number Access Time (ns)
NMC27C512AQE120 120
NMC27C512AQE150 150
NMC27C512AQE200 200

Military Temp Range (—55°C to + 125°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C512AQM150 150
NMC27C512AQM200 200

1-144




=
COMMERCIAL TEMPERATURE RANGE §
Absolute Maximum Ratings (Note 1) §
Temperature Under Bias —10°Cto +80°C OE/Vpp Supply Voltage & Ag ;;
Storage Temperature —65°C to +150°C with Respect to Ground +14.0Vto —0.6V >
All Input Voltages except Ag & OE/Vpp Power Dissipation 1.0W
with Respect to Ground (Note 9) +6.5Vto —0.6V Lead Temperature (Soldering, 10 sec.) 300°C
Vcc Supply Voltage with . .
Respect to Ground +7.0Vto —0.6V Operating Conditions (Note 6)
ESD Rating Temperature Range 0°Cto +70°C
(Mil. Std. 883C, Method 3015.2) 2000V Vcg Power Supply +5V £10%
All Output Voltages with
Respect to Ground (Note 9) Vg + 1.0V to GND—0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current Vin = Vec or GND 0.01 1 pA
ILo Output Leakage Current VouTt = Vec or GND, CE = Viy 0.01 1 HA
Ipp Vpp Load Current OE/Vpp = Vg or GND 10 pA
lcct V¢ Current (Active) CE = V|, f = 5MHz 15 30 mA
TTL Inputs Inputs = Viyor V), I/0 = OmA
lece Vg Current (Active) CE = GND, f = 5 MHz 10 20 mA
CMOS Inputs Inputs = Voo or GND, I/0 = 0 mA
lccsi Vg Current (Standby) CE=VH 0.4 1 mA
TTL Inputs
lccse2 X;;ACO (;ulrr:(;rl]: S(Standby) E = Vec 05 100 pA
ViL Input Low Voltage -0.2 0.8 "
VIH Input High Voltage 2.0 Vee + 1 \
Vo1 Output Low Voltage loL = 21mA 0.40 \'
VoH1 Output High Voltage lon = —2.5mA 3.5 \
Votr2 Output Low Voltage loL = 10 pA 0.1 v
VoH2 Output High Voltage loH = —10 pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C512A
Symbol Parameter Conditions Q120 Q150 Q200 Q250 Units
Min | Max | Min | Max | Min | Max | Min | Max
tacc Address to Output Delay CE=0E=V 120 150 200 250 ns
tce CE to Output Delay OE=V)_ 120 150 200 250 ns
tog OE to Output Delay CE=V, 50 60 75 100 ns
toF OE High to Output Float CE=V| 0 40 0 50 0 55 0 60 ns
tcF CE High to Output Float OE =vV_ 0 40 0 50 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = Vi
CE or OE, Whichever 0 0 0 0 ns
Occurred First
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NMC27C512A

Temperature Under Bias

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.

Storage Temperature

All Input Voltages except A9 & OE/Vpp

with Respect to Ground (Note 9)
All Output Voltages with

Respect to Ground (Note 9)

Operating Temp. Range
—-65°Cto +150°C

+6.5Vto —0.6V

Ve + 1.0V to GND—0.6V

Lead Temperature (Soldering, 10 sec.) 300°C
Vce Supply Voltage with

Respect to Ground +7.0Vto ~0.6V
ESD Rating

(Mil. Std. 883C, Method 3015.2) 2000V

Operating Conditions (Nots 6)

Temperature Range

NMC27C256BQE120, 150, 200 —40°Cto +85°C

OF/Vpp Supply Voltage & A9 NMC27C256BQM150, 200 —55°Cto +125°C
with Respect to Ground +14.0Vto —0.6V Vec Power Supply +5V £10%
Power Dissipation 1.0W
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current ViN = Vgc or GND 10 MA
Lo Output Leakage Current Vout = Vcc or GND, CE = V|4 10 pA
lcct Ve Current (Active) CE=V|,f=5MHz 15 30 mA
TTL Inputs Inputs = V) or Vi, I/10 = 0 mA
lcc2 Ve Current (Active) CE = GND, f = 5MHz 10 20 mA
CMOS Inputs Inputs = Vgg or GND, 1/0 = 0 mA
lcecse1 Ve Current (Standby) CE =Vpn 0.1 1 mA
TTL Inputs
lccse2 \é&cocsul::;:: S(Standby) CE = Vg 05 100 A
Ipp Vpp Load Current OE/Vpp = Vgg or GND 10 pA
ViL Input Low Voltage -0.2 0.8 \"
VIH Input High Voltage 2.0 Vee + 1 v
VoL1 Output Low Voltage loL. = 2.1mA 0.4 \
VoH1 Output High Voltage lon = —1.6 mA 3.5 v
VoL2 Output Low Voltage loL = 10 uA 0.1 \Y
Vou2 Output High Voltage loy = —10 pA Vecc — 041 v
AC Electrical Characteristics
NMC27C512A
Symbol Parameter Conditions QE120 QE150, QM 150 QE200, QM200 Units
Min Max Min Max Min Max
tacc | Address to Output Delay CE=0E =V, 120 150 200 ns
tce CE to Output Delay OE = VL 120 150 200 ns
toe OE to Output Delay CE = VL 50 60 75 ns
o OE High to Output Float CE=v, 0 40 0 50 0 55 ns
tor CE High to Output Float OE = V. 0 40 0 50 0 55 ns
ton Output Hold from Addresses, | CE = OE = V_
CE or OE, Whichever 0 0 0 ns
Occurred First




Capacitance 71, = +25°C, 1 = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
CiNt Input Capacitance ViN = 0V
except OE/Vpp 6 12 PF
Cout Output Capacitance Vout = 0V 9 12 pF
Cinz OE/VFfP Input VIN = 0V 20 25 oF
Capacitance
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
CL = 100 pF (Note 8) Inputs 0.8V and 2V
Input Rise and Fall Times <5ns Outputs 0.8vand 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (notess, 7)

rqe L

ADDRESSES m ADDRESSES VALID ot
17
— rw-vamm _
20V
CE Qav \, [ /
L r}; e~ ‘CF -
l'— CE ———] (NOTE 4,5)
_ J—
OE/Npp 3233 \, 55
top ’ tor
~ (NoTE3) [* (e ~|ovoteas [
20V | HieZ 3, ooy Hi=Z
OUTPUT et VALID OUTPUT
0.8V : 56 LU
o ACC t
(NOTE3) — ORI

TL/D/9181-3

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: OF may be delayed up to tacc — toE after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Von¢ (DC) — 0.10V;
Low to TRI-STATE, the measured VpoL1 (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 d pling. It is recc ded that at least a 0.1 uF ceramic capacitor be used on
every device between Vo and GND.

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

Note 8: 1 TTL Gate: g = 1.6 mA, loy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Inputs and outputs can undershoot to —2.0V for 20 ns Max.

1-147

VZI1SJ0220WN




Programming Characteristics (Notes 1,2,3and 4)

NMC27C512A

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 s
toes OE Setup Time 1 us
tps Data Setup Time 1 us
tvcs Vce Setup Time 1 ns
tAH Address Hold Time 0 us
toH Data Hold Time 1 us
tet Chip Enable to Output Float Delay CE =V 0 60 ns
trw Program Pulse Width 95 100 105 pns
toEH OE Hold Time 1 us
tov Data Valid from CE OE =V|_ 250 ns
tpRT OE }’u|se Rise Tirpe 50 ns
During Programming
tvR Vpp Recovery Time 1 us
Ipp Vpp Supply Current During CE=vVL 30 mA
Programming Pulse OE = Vpp

lcc Ve Supply Current 10 mA
TR Temperature Ambient ) 20 25 30 °C
Vee Power Supply Voltage 6 6.25 6.5 \"
Vpp Programming Supply Voltage 12.5 12.75 13 \
TeR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0 0.45 \
VIH Input High Voltage 24 v
N Input Timing Reference Voltage 0.8 1.5 2 v
tout Output Timing Reference Voltage 0.8 1.5 2 \

Note 1: National’s standard product warranty applies 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 Vce. .

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 uF capacitor is required across Vcc 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
PROGRAM VERIFY -
Tv 27
ADDRESSES 2%, ADDRESS N .
37y
b '
v Hi=Z 2V L5
DATA 5 DATA B SARE oy Bkl m.:n: ADD N
tos ton fov, ter
tan
Le-AH |
—_ 12,5V /_
OE/Vpp 0.8V e
5
Yois ) tow toen
terT 'vr’l
_ R
2 N
CE Qe c 5./
4

TL/D/9181-5
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Fast Programming Algorithm Flow Chart (Note 4)

START
C ADDR = FIRST LOCATION )
( ve=sav )
N
PROGRAM ONE 100 s PULSE
[ WITH Vpp = 12.75V
( INCREMENT X )

VZISO.L2ONN

|
( Ve = Vi )

DEVICE
FAILED

INCREMENT ADDR

LAST ADDR?

Ve = 5.0V

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE PASSED

TL/D/9181-7
FIGURE 1
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NMC27C512A

Interactive Programming Algorithm Flow Chart (Note 4)

START

( ADDR = FIRST LOCATION )

|
( vcc=sov )

P==

PROGRAM ONE 0 5 ms PULS

( INCREMENT X )
|
C Vop = ViL )

FAIL

INCREMENT ADDR

LAST ADDR ?
YES

Vee=5.0V £ 5%

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/9181-6
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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 OE/Vpp during
programming. In the program mode the OE/Vpp 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
contro! and should be used to gate data to the output pins,
independent of device selection. Assuming that addresses
are stable, address access time (tacc) is equal to the delay
from CE to output (tcg). 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. Vgg
should therefore be maintained at operating voltage during
read and verify. If Voc 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 mods, 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 muitiple 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
oceur.

To most efficie_ntly use these two control lines, it is recom-

mended that CE (pin 20) be decoded @g used as the pri-

mary device selecting function, while OE/Vpp (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 (OE/Vpp) 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 “'0s” into the desired bit locations. Although only
“0s” will be programmed, both “1s” and *0s"” 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
OE/Vpp is at 12.75V. It is required that at least a 0.1 pF
capacitor be placed across Vg 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 us pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
Program with a single 100 us 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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NMC27C512A

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 OE/Vpp 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 OE/Vpp and CE at V|_. data
should be verified tpy after the falling edge of CE.

Manufacturer’s Identification Code

The NMC27C512A has a manufacturer's identification code
to aid in programming. The code, shown in Table I, 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 A1-A8, A10-A15, CE, and OE are held
at V). Address A9 is held at Vy_ for the manufacturer’s
code, and at V| 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 (i.e., 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 Il
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, Igc,
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 Vg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vgg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 pF bulk electrolytic
capacitor should be used between Vg 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 Il. Manufacturer’s Identification Code

Pins Ag 07 0g 05 04 03 0y 04 0p Hex

(10) (19) (18) (17) (16) (15) (13) (12) (4R} Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code ViL 1 0 0 0 0 1 0 1 85

TABLE Ill. Minimum NMC27C512A Erasure Time

Light Intensity
(Micro-Watts/cm2)

Erasure Time
(Minutes)

15,000

20

10,000

25

5,000

50
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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 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.

Features
m 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
m Optimum EPROM for total CMOS systems
Performance compatible to NSC800™ CMOS micro-
processor
Single 5V power supply
Pin compatible with NMOS 512k EPROMs
Fast and reliable programming (100 ns 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
m High current CMOS level output drivers

Block Diagram

DATA OUTPUTS 0p-07

Vic O———p p ~
GND O——p
no—s [ERERREN
OE —»] QUTPUT ENABLE >
AND CHIP | OUTPUT
& ENABLE LOGIC > BUFFERS
Pin Names
f A0-A15 Addresses
—p] > —
—b] Y . CE Chip Enable
—»]  oecooer . Y GATING — P
— > OE/Vpp Output Enable/Pro-
— gramming Voltage
AD-A15 =
- —
ADDRESS { —b] . 0p-07 Outputs
INPUTS | =] M . 524,28-81T PGM Program
- DECODER ° CELL MATRIX
- . NC No Connect
- .
—’ .
—p >
\ —>

TL/D/8754-1
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NMC27C512AN

Connection Diagram

27C256(27C128(27C64(|27C32(27C16
27256 | 27128 | 2764 | 2732 | 2716
Ve | Vep | Vpp
A12 A12 | A12
A7 A7 A7 A7 A7
A6 A6 A6 A6 A6
A5 A5 A5 A5 AS
A4 A4 A4 Ad A4
A3 A3 A3 A3 A3
A2 A2 A2 A2 A2
A1 A1 | A1 | A1 | A1
A0 A0 A0 A0 A0
Op Op | Oo | Op | Co
04 O1 | O | O1 | O
02 02 | O2 | Oz | O
GND | GND | GND | GND | GND

NMC27C512AN
Dual-In-Line Package

A1S 1
AR H
Al =13
A =14
AS a8
M—18
A3 g7
A2 =g §
Al—qy
A =410
0y = 11
0y q12
0 —{n

b— Voo
— AN
P A13
e M
| a0
L— At
= DEivey
f— Ate
o CE
|— o,
— 04
— 0
P04

0,

" GND=q 14

Commercial Temp Range (0°C to +70°C)

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.

Vee = 5V £10%

27C16 | 27C32 [27C64|27C128{27C256|
2716 | 2732 | 2764 | 27128 | 27256

Vec | Vec | Vee

PGM| PGM | A14

Vce Vce NC | A13 A13
A8 A8 A8 A8 A8
A9 AS A9 A9 A9
Vpp A1l [ A11 | A1 Al
OE (OE/Vvpp| OE OE OE
A10 | A10 | A10 [ A10 | A10
ICE/Vpp| CE CE CE CE
07 (o7] 07 07 07
Og Og Og Og Og
Os Os Os Os Os
O4 (o)} Oy Oy O4
O3 O3 O3 O3 O3

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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Absolute Maximum Ratings (ote 1)

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

Temperature Under Bias —10°Cto +80°C
Storage Temperature —65°Cto +150°C

All Input Voltages except A9 and
OE/Vpp with Respect

Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Std. 883C, Method 3015.2) 2000V

Operating Conditions (note 6)

Temperature Range

to Ground (Note 9) +6.5Vto —0.6V NMC27C512AN120, 150, 200, 250 0°Cto +70°C
Ve Supply Voltage with Ve Power Supply +5V £10%
with Respect to Ground +7.0Vto —0.6V
All Output Voltages with
Respect to Ground (Note 9) Vec +1to GND —0.6V
OE/Vpp Supply Voltage and A9
with Respect to Ground +14.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
[ Input Load Current ViN = Vg or GND 0.01 1 pA
Lo Output Leakage Current Vout = Vecor GNDCE = Vi 0.01 1 pA
lcot Ve Current (Active) CE=vV|,f=5MHz
TTL inputs Inputs = ViyorV, 15 30 mA
1/0 = 0 mA
lcca Ve Current (Active) CE = GND,f = 5MHz
CMOS Inputs Inputs = Vgg or GND, 10 20 mA
1/0 = 0 mA
lccsei Vcc Current (Standby) CE = V4 01 1 mA
TTL Inputs
lccsB2 Vcc Current (Standby) CE = Vo
CMOS Inputs 0.5 100 HA
Ipp Vpp Load Current Vpp = Vco 10 nA
ViL Input Low Voltage —0.2 0.8 \'
ViH Input High Voltage 2.0 Vee +1 \
Vou Output Low Voltage loL = 2.1mA 0.4 \%
VoH1 Output High Voltage loH = —2.5mA 3.5 \Y
VoLz Output Low Voltage loL = 10 pA 0.1 \'
VoH2 Output High Voltage loy = —10 pA Vee —0.1 \'
AC Electrical Characteristics
NMC27C512A
Symbol Parameter Conditions Q120 Q150 Q200 Q250 Units
Min | Max | Min | Max | Min | Max | Min | Max
tace Address to Output Delay CE=0E =V, 120 150 200 250 ns
tce CE to Output Delay OE = VL 120 150 200 250 ns
toe OE to Output Delay CE =V, 50 60 75 100 | ns
toF OE High to Output Float CE = Vi 0 40 0 50 0 55 60 ns
tcF CE High to Output Float OFE = V. 0 40 0 50 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = V.
CE or OE, Whichever 0 0 0 0 ns
Qccurred First

1-155

NVZISOZZONN




NMC27C512AN

Capacitance 1, = +25:C,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
CiNn Input Capacitance VIN = 0V
Except OE/Vpp 5 10 PF
Cout Output Capacitance Vout = 0V 8 10 pF
Cin2 OE/Vp.p Input ViN = 0V 16 20 oF
Capacitance
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
CL = 100 pF (Note 8) Inputs 0.8Vand 2V
Input Rise and Fall Times <5ns Outputs 0.8Vand 2v
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (notess, 7)

£C L

ADDRESSES 23V ADDRESSES VALID o
L2
— p— #
2.0v \
CE 0.8V ¢ /
. 3y *fcr—w
|<— cE —| (NOTES 4,5)
O Vep %j% \, I /)
to - tor
= (NoTE3) [& ‘e | noresa,s) [
2.0V | Hiz J; xRy, Hi-Z
OUTPUT -ﬁv— VALID QUTPUT 71777
' tace ”
(NOTE 3) ok

TL/D/8754-3

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 tagc~tog after the falling edge of CE without impacting tacc.
Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vonq (DC) —0.10V.
Low to TRI-STATE, the measured Vg1 (DC) +0.10V.
Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 uF ceramic capacitor be used on
every device between Vge and GND.

Note 7: The outputs must be restricted to Vgc + 1.0V to avoid latch-up and device damage.
Note 8: 1 TTL Gate: Ig. = 1.6 mA, loy = —400 pA.

CL: 100 pF includes fixture capacitance.
Note 9: Inputs and outputs can undershoot to —2.0V for 20 ns Max.

1-156




Programming Characteristics (Notes 1,2,3and 4)

=
=
(2]
N
Symbol Parameter Conditions Min Typ Max Units ?-"
tas Address Setup Time 1 s ﬂ
— - N
toes OE Setup Time 1 ns >
tos Data Setup Time 1 us =z
taH Address Hold Time 0 us
toH Data Hold Time 1 us
tor Chip Enable to Output Float Delay OE = V)L 0 60 ns
tpw Program Pulse Width 95 100 105 us
toEH OE Hold Time 1 ps
tov Data Valid from CE OE =V 250 ns
teRT OE Pulse Rise Tlme 50 ns
During Programming
tvR Vpp Recovery Time 1 us
Ipp Vpp Supply Current During CE=vV) 30 mA
Programming Pulse OE = Vpp
Icc Vcc Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 \
Vpp Programming Supply Voltage 12.5 12.75 13.0 Vv
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
VIH Input High Voltage 24 4.0 \
tin Input Timing Reference Voltage 0.8 1.5 2.0 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 \
tvcs Vce Setup Time 1 ns
Programming Waveforms
PROGRAM Ps%&,’;#‘[‘r
-ZT/ 37
avoRessEs 3o W ADDRESS N & e
tas
DATA 2V DATA IN STABLE \__HI-Z AN vy ;uin: o0 K
0.8V - L f 08V (—
4
DS DH DV, r_ﬁf‘.
tan
_ 125V
OE/Vpp 0.8V (
toes | | tow toen N ”
topr 1 = ' R "I
—
= T N v,
tvcs——J

TL/D/8754-4
Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.
Note 2: Ve 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 Vcc.
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 uF capacitor is required across V¢c 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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NMC27C512AN

Fast Programming Algorithm Flow Chart (Note 4)

( ADDR = FIRST LOCATION )

]
( ve=sv )

N|

»

PROGRAM ONE 100 s PULSE
WITH Vpp = 12.75V
( INCREMENT X )

|
( Vep = ViL )

DEVICE
FAILED

INCREMENT ADDR

DEVICE
FAILED

DEVICE PASSED

FIGURE 1

TL/D/8754-5
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Interactive Programming Algorithm Flow Chart (ote 4)

START

( ADDR = FIRST LOCATION )

|
C v°c=sov )

INCREMENT ADDR

=

PROGRAM ONE 0.5 ms PULSE
WITH Vpp = 12.5V

|
C INCREMENT X )
l

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/8754-6

1-159

NVZLSJ.ZONN




NMC27C512AN

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 OE/Vpp during
programming. In the program mode the OE/Vpp 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 (tacc) is equal to
the delay from CE to output (tcg). 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. Voo
should therefore be maintained at operating voltage during
read and verify. If Voc 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 89%, 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 contro! 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/Vpp (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 (OE/Vpp) 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 *“0s” into the desired bit locations.
Although only “0s” will be programmed, both “1s” and “0s”
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 OE/
Vpp is at 12.75V. It is required that at least a 0.1 pF capaci-
tor be placed across Vg 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 7. Each Address is pro-
grammed with a series of 100 us pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
program with a single 100 p. 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 DiNn
Program Verify ViL ViL 6.25V DouTt
Program Inhibit V4 12.75V 6.25V Hi-Z
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Functional Description (continueq)
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 OE/Vpp 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 OE/Vpp and CE at V.. Data
should be verified tpy after the falling edge of CE.

MANUFACTURER'S IDENTIFICATION CODE

The NMG27C512AN has a manufacturer’s identification
code to aid in programming. The code, shown in Table Il, 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 A1-AB, A10-A15, CE and OE are held
at VL. Address A9 is held at V|_ for the manufacturer's
code, and at V| for the device code. The cods 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 cails 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 V¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 pF bulk electrolytic
capacitor should be used between Vg 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 Il. Manufacturer’s Identification Code

Pins Ag 07 0g 05 04 03 02 04 0o 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 1 0 1 85
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NMC27C010

National
Semiconductor

PRELIMINARY

NMC27C010 (Former NMC27C1023)*
1,048,576-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.

Features

m 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

m Performance compatible to NSC800™ CMOS micro-
processor

m Single 5V power supply

m Extended temperature range (NM027C010QE) —40°C
to +85°C and military temperature range
(NMC27C010QM), —55°C to +125°C, available

B Pin compatible with NMOS bytewide 1024k EPROMs

m Fast and reliable programming (100 us for most bytes)

m Static operation—no clocks required

m TTL, CMOS compatible inputs/outputs

m TRI-STATE® output

# Optimum EPROM for total CMOS systems

m Manufacturer's identification code for automatic pro-
gramming control

m High current CMOS level output drivers

Block Diagram

DATA QUTPUTS 0g-0;

—__—
GND O—>
no—s [reeteet
OF el oUTPUT ENABLE, Jo )
PEM =]  CHIP ENABLE, AND ~ OUTPUT Pin Names
PROGRAM LOGIC v BUFFERS

t: - AO-A16 Addresses
bl CE Chip Enable
—h ‘ >
:: DECODER < Y GATING OE Output Enable
—b] - 0g-07 Outputs

AD-A18 _—-: PGM Program
ADDRESS < .
INPUTS | ] : > s NC No Connect

— M : CELL MATRIX
—»]  DECODER N
= N
—b
—

\ —»

*Some programmer manufacturers will call this device NMC27C1023.

TL/D/9182-1
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Connection Diagram

01002JNN

NMC27C010Q
Dual-In-Line Package

27C512 | 27C256 | 27C128 | 27C64 Vep—] 1 32 f=Vee 27C64 | 27C128 | 27C256 | 27C512

27512 | 27256 | 27128 | 2764 AM6=—{2 31b—Fom 2764 | 27128 | 27256 27512
A15 Vpp Vpp Vpp A15—3 30 —NC Vee Vee Vee Vee
A12 Al12 A12 A12 A12—14 29 A4 PGM | PGM Al4 Al14
A7 A7 A7 A7 A7—45 28—A13 NC A13 A13 A13
A6 A6 A6 A6 A6—16 27 A8 A8 AB A8 A8
A5 A5 A5 A5 A5—7 26 [—A9 A9 A9 A9 A9
A4 A4 Ad A4 A4—18 25 —At1 A1 A1 A1l A11

A3 A3 A3 A3 A3—9 24 |—0E OE OE OE | OE/Vpp
A2 A2 A2 A2 A2—110 23 p=A10 A10 A10 A10 A10
A1 A1 A1 A1 A=t 22}-CE CE CE |CE/PGM| CE
A0 A0 A0 A0 Ag=—q12 210, 07 07 O7 Oy
Op Op Op Oo 0p—113 20 f=0g Og Og Os Og
04 04 04 04 0,14 19§05 Os Os Os Os
Oz (o]} 02 (o7} 0,415 180, Oy Oy Oy O4
GND GND GND | GND GND—{16 17 =05 O3 O3 O3 O3

TL/D/9182-2
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C010 pins.

Order Number NMC27C010Q
See NS Package Number J32AQ

Commerclal Temperature Range (0°C to +70°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C010Q150 150
NMC27C010Q170 170
NMC27C010Q200 200
NMC27C010Q250 250

Extended Temperature Range (—40°C to +85°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C010QE170 170
NMC27C010QE200 200
NMC27C010QE200 200

Military Temperature Range (—55°C to + 125°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C010QM170 170
NMC27C010QM200 200
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NMC27C010

COMMERCIAL TEMPERATURE RANGE

Absolute Maximum Ratings (ot 1)
Temperature Under Bias —10°Cto +80°C
Storage Temperature —65°Cto +150°C
All Input Voltages except A9 with
Respect to Ground (Note 10)
All Output Voltages with
Respect to Ground (Note 10)

+6.5Vto —0.6V

Vog+1.0V to GND—0.6V

Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (Note 7)

Vpp Supply Voltage and A9 Temperature Range 0°Cto +70°C
with Respect to Ground Vg Power Supply +5V +10%
During Programming +14.0Vto —0.6V

Vce Supply Voltage with
Respect to Ground +7.0Vto —0.6V

READ OPERATION

DC Electrical Characteristics

Symbol Parameter Conditions Min Typ Max Units

Iy Input Load Current ViN = Vgg or GND 1 nA

ILo Output Leakage Current Vout = Veg or GND, CE = Vi 1 nA

loct Ve Current (Active) CE=V|,f=5MHz 15 30 mA

(Note 9) TTL inputs Inputs = Vi orV, 1/0 = 0 mA

locz Ve Current (Active) CE = GND, f = 5 MHz 10 20 mA

(Note 9) CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA

lccse1 Ve Current (Standby) CE =Vj 04 1 mA

TTL Inputs

lccse2 g(h;/l% (;ulrrl;zrl]: S(S'(andt)y) CE = Voo 05 100 pA

Ipp Vpp Load Current Vpp = Voo 10 pA

ViL Input Low Voltage -0.2 0.8 v

ViH Input High Voltage 20 Vee + 1 v

VoL1 Output Low Voltage loL = 2.1 mA 0.40 \

Vo1 Output High Voltage loH = —2.5mA 3.5 v

VoL2 Output Low Voltage loL = 10 pA 0.1 \

VoH2 Output High Voltage loH = —10 pA Vee — 0.1 \'

AC Electrical Characteristics

NMC27C010
Symbol Parameter Conditions Q150 Q170 Q200 Q250 Units
Min | Max | Min | Max | Min | Max | Min | Max
tacc Address to Output Delay CE = P_E = VL 150 170 200 260 | ns
PGM = V|

tce CE to Output Delay OE = Vy,PGM = V| 150 170 200 250 | ns
toe OE to Output Delay CE = V|, PGM = V| 60 75 75 100 | ns
tDF OE High to Output Float CE = V|, PGM = Vi, 50 55 55 60 ns
tor CE High to Output Float OE =V, ,PGM = V| 50 55 55 60 ns
toH Output Hold from Addresses, | CE = OE = V|_

. CE or OE, Whichever PGM = Vi 0 0 0 0 ns

Occurred First
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MILITARY AND EXTENDED TEMPERATURE RANGE o
N
. . ~
Absolute Maximum Ratings (Note 1) Q
If Military/Aerospace specified devices are required, . 3
contact the National Semiconductor Sales Office/ Ve Supply Voltage with
Distributors for availability and specifications. Respect to Ground +7.0Vto —0.8Y
Temperature Under Bias Operating Temp. Range Power Dissipation 1.0W
Storage Temperature —65°Cto +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 . "
Respect to Ground (Note 10)  Vec+ 1.0V 1o GND—0.6V Operating Conditions (ote7)
Temperature Range
Vpp Supply Voltage and A9 P 9
Pr.ih Hospedt 1o Ground NMC27C010QE120, 150, 200 -40°Cto +85°C
During Programming F14.0V 10 —0.6V NMC27C010QM150, 200 ~55°C to +125°C
V¢ Power Supply +5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current Vin = Vcg or GND 10 nA
Lo Output Leakage Current VouT = Veg or GND, CE = Vi 10 LA
lcet Vg Current (Active) CE =V, f = 5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = Vi or V|, I/0 = 0mA
lcc2 Ve Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs Inputs = Vgg or GND, 1/0 = 0 mA
locsBi V¢ Current (Standby) CE =V 01 1 mA
TTL Inputs
lccsa2 Vcc Current (Standby) CE = Voo
CMOS Inputs 05 100 KA
lpp Vpp Load Current Vpp = Voo 10 nA
ViL Input Low Voltage —-0.2 0.8 \"
Viy Input High Voltage 2.0 ) Ve + 1 v
Vout Output Low Voltage loL = 2.1mA 0.40 \
VoH1 Output High Voltage loy = —1.6 mA 3.5 \
VoL2 Output Low Voltage loL = 10 pA 0.1 v
VoH2 Output High Voltage loH = —10 pA Vge — 0.1 Vv
AC Electrical Characteristics
NMC27C010Q
Symbol Parameter Conditions E150 E170, M170 E200, M200 Units
Min Max Min Max Min Max
tace Address to Output Delay Pg ==OI\£/I: ViL 150 170 200 ns
tce CE to Output Delay OE = V.,PGM = V|y 150 170 200 ns
toE OE to Output Delay CE = V|, PGM = V| 60 75 75 ns
o OE High to Output Float CE = V|, PGM = V| 50 55 0 55 ns
tcr CE High to Output Float OE = V), PGM = V| 0 50 55 0 55 ns
toH Output Hold from Addresses, | CE = OE = V.
CE or OE, Whichever PGM = V| 0 0 0 ns
Ocecurred First
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NMC27C010

Capacitance 1, = +25°C, = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
CiN Input Capacitance ViN = 0V 9 15 pF
Cout Output Capacitance Vout = 0V 12 15 pF
AC Test Conditions
Output Load 1 TTL Gate and

Input Rise and Fall Times
Input Pulse Levels

AC Waveforms otess, 7, & 9)

2.0v X
ADDRESSES ¢'ay

Timing Measurement Reference Level

OUTPUT oV

Cp = 100 pF (Note 8) Inputs 0.8V and 2V
<5ns Outputs 0.8Vand 2V
0.45V to 2.4V
| C
)y
ADDRESSES VALID cc
JJ
T oo | ) «
) tCF
f— —
te (NOTES 4,5)
% Gav \, «
t JJ t
OF le— OF .|
(NOTE 3) e (NOTES 4, 5)
2.0V Hi=Z p D NN Hi-Z
VALID OUTPUT cc 277777
JJ)
tace —|t
H
(NOTE3) 0

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: OF may be delayed up to tacc — tog after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Von1 (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 wF ceramic capacitor be used on
every device between Vgg and GND.

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

Note 8: 1 TTL Gate: Ig,. = 1.6 mA, oy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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Programming Characteristics (Notes1,2,384)

010J3220NN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 ps
tces CE Setup Time OE = Vi 1 ps
tps Data Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Vce Setup Time 1 us
tAH Address Hold Time 0 us
toH Data Hold Time 1 us
toe Output Enable to Output Float Delay CE=V| 0 60 ns
tpw Program Pulse Width 95 100 105 s
toe Data Valid from OE CE =V 100 ns
Ipp Vpp Supply Current During _i= ViL 20 mA
Programming Pulse PGM = V)

lec Vce 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 \"
VIH Input High Voltage 2.4 4.0 v
tiNn Input Timing Reference Voltage 0.8 1.5 2.0 \"
tout Output Timing Reference Voltage 0.8 1.5 2.0 \)
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Programming Waveforms (Note 3)

PROGRAM
¢——————— PROGRAM ——————=————"eRIFY
fC
ADDRESSES 2%, ADDRESS N -
ts
2v Hi-Z
DATA W DATA ﬁn SJABLE N
tos ton
g4
6.0V b
Vee _/ tves
3,
125V ?
Vep / typs
CE o.gv Iq
7
e—tees |
5§
__ 5
POH 2%y
tew "_!OES"‘ 4——{0[»
_ e
5 2 N
0.8v \ g

TL/D/9182-5
Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.

Note 2: V¢ 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 Ve,

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 uF capacitor is required across Vpp, Vcc 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

START

( ADDR = FIRST LOCATION )

DEVICE
FAILED

INCREMENT ADDR

LAST ADDR?
YES

Vo= Vpp=5.0V £5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE PASSED |

FIGURE 1

TL/D/9182-6
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NMC27C010

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C010 are listed in
Table . It should be noted that all inputs for the six modes
are at TTL levels. The power suppliés required are Vgg 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 Vg 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 (tacc) is equal to the delay
from CE to output (icg). Data is available at the outputs tog
after the falling edge of OF, 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. Vg
should therefore be maintained at operating voltage during
read and verify. If Vo 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
oceur.

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-

gramming “‘0’s” into the desired bit locations. Although only
“0's” will be programmed, both ““1’s” and “0'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 Vju. It is required
that at least a 0.1 uF capacitor be placed across Vpp, Voo
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 NMC27C010 is programmed with the Fast
Programming Algorithm shown in Figure 1. Each Address is
programmed with a series of 100 ps pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
program with a single 100 ps pulse. The NMC27C010 must
not be programmed with a DC signal applied to the PGM
input.

Programming multiple NMC27C010 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 V) 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
Vce, 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 “8F86”, where “‘8F" desig-
nates that it is made by National Semiconductor, and “86"
designates a 1Megabit byte-wide part.
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Functional Description (continued)

TABLE I. Mode Selection
Pins CE OE PGM Vep Vee Outputs
Mode (22) (24) (31) (1) (32) (13-15, 17~21)
Read Vi 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 1275V 6.25V Hi-Z
TABLE il. Manufacturer’s Identificatiion Code
Pins Ap | O7 | Og | O5 | O4 | O3 [ O2 | Og | Og | Hex
(12) | @1 | (20) | (19) | (18) | (17) | (15) | (14) | (13) | Data
Manufacturer Code | Vi | 1 0 0 0 1 1 1 1 8F
Device Code Vi | 1 0 0 0 0 1 1 0 86

The code is accessed by applying 12V 0.5V to address
pin A9. Addresses A1-A8, A10-A16, and all control pins
are held at Vy . Address pin A0 is held at Vj_ for the manu-
facturer's code, and held at V) for the device code. The
code is read on the eight data pins, Og-O7. Proper code
access is only guaranteed at 25°C +5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C010 are such
that erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
(A). 1t 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 NMC27C010 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 NMC27C010
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 15 W-sec/cm2,

The NMC27C010 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 I
shows the minimum NMC27C010 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-
sign)—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 the device. The associated V¢c transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. Itis recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vcg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg 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 Ill. NMC27C010
Minimum Erasure Time

Light Intensity Erasure Time
(nWatts/cm2) (Minutes)
15,000 20
10,000 25
5,000 50
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NMC27C1024

National
Semiconductor

NMC27C1024

PRELIMINARY

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-
ton and low power consumption are important require-
ments.

The NMC27C1024 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 NMC27C1024 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.

Features
B Clocked sense amps for fast access time down
to 150 ns
® Low CMOS power consumption
— Active Power: 110 mW max
— Standby Power: 550 uW max
m Performance compatible to 16-bit and 32-bit
microprocessors
# Single 5V power supply
Extended temperature range (NMC27C1024QE), —40°C
to +85°C, and military temperature range
(NMC27C1024QM), —55°C to +125°C, available
m Pin compatible with NMOS wordwide 1024k EPROMs
m Fast and reliable programming (100 ps for most bytes)
B Static operation—no clocks required
B TTL, CMOS compatible inputs/outputs
[ ]
n
[ ]

TRI-STATE® output
Optimum EPROM for total CMOS systems
Manufacturer’s Identification Code for automatic pro-
gramming control

| High current CMOS level output drivers

Block Diagram

Vec O—> DATA OUTPUTS 0g-0y5
GND O—b - “
Vop Qb
‘|“ﬂ°|“|“|‘|“|“I“I“I"I'|"|“|1‘ Pin Names
O —>  oureut enasic, > A0-A15 Addresses
FGM —>| crip enasLE aND - QUTPUT .
T —>»] PROGRAM LOGIC > BUFFERS CE Chip Enable
((—> OE Output Enable
-
— »> 00-015 Outputs
— Y . [,
—3]  oecooem . Y GATING PGM Program
—? o NC No Connect
a-a1s |
ADDRESS { =
INPUTS :; X - 1,048,576.817
—>]  vecooen : CELL MATRIX
—> .
—> .
L —> >

TL/D/8806-1
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Connection Diagram

¥201 320NN

o] OO ]
272048 272048
-/
Vep | Ver—q! 40— Vec Vce
CE CE—2 39— FCM PGM
015 | 95—13 38— NC Ats
014 0“—4 37 —A|5 A15
O13 | 04375 3654 At
012 | 0276 BMs A1
011 | 077 341=Ar Atz
010 | 0108 334 At
[0 09—19 32—Aqg Ato
Og 05— 10 31 |- 4q Ag
GND | oND—{11 30}~ GND GND
07 0,112 291—Ag Ag
0g 0513 284, A7
05 05— 14 27} Ag As
04 04—15 26— Ag As
03 0;—{16 2514, Ay
0o 0,17 244 A3
04 0,—{18 23f-4, Az
0o 0p—{19 21— A Ay
OE OE—20 21} =Ag Ao

TL/D/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 NMC27C1024 pins.

Commercial Temperature Range (0°C to +70°C) V¢ge = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C1024Q150 150
NMC27C1024Q170 170
NMC27C1024Q200 200
NMC27C1024Q250 250

Extended Temperature (—40°C to +85°C) Vgc = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C1024QE150 150
NMC27C1024QE170 170
NMC27C1024QE200 200

Military Temperature Range (—55°C to + 125°C) Vgg = 5V £ 10%

Parameter/Order Number Access Time (ns)
NMC27C1024QM170 170
NMC27C1024QM200 200
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COMMERCIAL TEMPERATURE RANGE

Absolute Maximum Ratings (Note 1)
Temperature Under Bias —10°Cto +80°C
Storage Temperature —-65°Cto +150°C

All Input' Voltages except A9 with
Respect to Ground (Note 10)

All Output Voltages with
Respect to Ground (Note 10)

Vpp Supply Voltage and A9 with

+6.5Vto —0.6V

Vee+1.0to GND—0.6V

Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD rating

(Mil. Spec 883C Method 3015.2) 2000V

Operating Conditions (ote7)

Temperature Range 0°Cto +70°C

Respect to Ground Ve Power Supply +5V £10%
During Programming +14.0Vto —0.6V
Ve Supply Voltage with
Respect to Ground +7.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current Vin = Vgo or GND 1 pA
Lo Output Leakage Current Vout = Vec or GND, CE = Viy 1 pA
lcct Vce Current (Active) CE =V, f=5MHz
(Note 9) TTL Inputs Inputs = Vi or V) 15 30 mA
1/0 =0mA
lcca Vcc Current (Active) CE = GND,f = 5 MHz
(Note 9) CMOS inputs Inputs = Vg or GND, 10 20 mA
1/0 = 0mA
lccsBi Vcc Current (Standby) CE=VH
TTL Inputs 0.1 1 mA
lccse2 Vcc Current (Standby) CE = Ve
CMOS Inputs 05 100 BA
lpp Vpp Load Current Vpp = Vg 10 pA
ViL Input Low Voltage -0.2 0.8 v
VIH Input High Voltage 2.0 Voo + 1 v
Vou1 Output Low Voltage loL = 2.1 mA 0.40 \"
Vo1 Output High Voltage loH = —2.5mA 3.5 Vv
Vorz Output Low Voltage lo, = 10 pA 0.1 \
VoH2 Output High Voltage loH = —10 pA Ve —0.1 \
AC Electrical Characteristics
Symbol Parameter Conditions Q150 Q170 Q200 Q250 Units
Min Max Min Max Min Max Min Max
tace Address to Output | CE = OE = Vj,_
Delay PGM = Viy 150 170 200 250 ns
tce CE to Output Delay | OE = V.
PGM = Vin 150 170 200 250 ns
toe OE to Output Delay | CE = Vv, 60 75 75 100 ns
PGM = V|
tor OE High to Output | CE = V|
Float PGM = Vi 0 50 0 55 0 55 0 60 ns
tcr CE Highto OE=vV)
Output Float PGM = Vi ° 50 ° % 0 55 0 60 | ns
toH Output Hold from | CE = OE = V)_
Addresses, CEor | PGM = V|4
OE, Whichever ° 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
Storage Temperature
All Input Voltages except A9 with
Respect to Ground (Note 10)
All Output Voltages with
Respect to Ground (Note 10)
Vpp Supply Voltage and A9
with Respect to Ground

Operating Temp. Range
—65°Cto +150°C

+6.5Vto —0.6V

Ve +1.0V to GND—-0.6V

Vce Supply Voltage with
Respect to Ground

Power Dissipation

Lead Temperature (Soldering, 10 sec.)

ESD Rating

(Mil Spec 883C, Method 3015.2)

+7.0Vto —0.6V

Operating Conditions (note 7)

Temperature Range
NMC27C1024QE120, 150, 200
NMC27C1024QM150, 200

1.0W
300°C

2000V

—40°CGto +85°C
—55°Cto +125°C

During Programming +14.0Vto —0.6V Vg Power Supply +5V +10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
L Input Load Current VIN = Vgo or GND 10 HA
Lo Output Leakage Current VouT = Ve or GND, CE = Vi 10 pA
lcot Vg Current (Active) CE=V.f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = Vjjor V|, 1/0 = 0mA
lcce Ve Current (Active) CE = GND, f = 5MHz 10 20 mA
(Note 9) CMQOS Inputs Inputs = Vgg or GND, 1/0 = 0 mA
lccsB1 Vg Current (Standby) CE=Vj 01 1 mA

TTL Inputs
lccse2 X&Co%ul:igzs(smndby) CE = Vg 05 100 A
Ipp Vpp Load Current Vpp = Voo 10 BA
ViL Input Low Voltage —-0.2 0.8 \
ViH Input High Voltage 2.0 Voo + 1 \"
VoL1 QOutput Low Voltage loL=21mA 0.40 \
VOH1 Output High Voltage loy= —1.6mA 3.5 \
VoLz Output Low Voltage loL =10 pA 0.1 Vv
VoH2 Output High Voltage loH = —10 pA Vee — 0.1 A
AC Electrical Characteristics
NMC27C1024Q
Symbol Parameter Conditions E150 E170,M170 E200, M200 Units
Min | Max | Min | Max | Min [ Max
tacc Address to Output Delay %M: fsl: ViL 150 170 200 ns
tce CE to Qutput Delay OE = V);,PGM = Vy 150 170 200 ns
toE OE to Output Delay CE = V|, PGM = V| 60 75 75 ns
toF OE High to Output Float CE = V|, PGM = V| 50 55 55 ns
tcr CE High to Output Float OE = V,,PGM = V| 50 0 55 55 ns
toH Output Hold from Addresses, | CE = OE =V,
CE or OE, Whichever PGM = V| 0 0 0 ns
Occurred First
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NMC27C1024

Capacitance 1, = +25°C, f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
CiN Input Capacitance Vin = 0V 12 20 pF
Cout Output Capacitance Vout = OV 13 20 pF
AC Test Conditions
Output Load 1 TTL Gate and C_ = 100 pF (Note 8) Timing Measurement Reference Level
Input Rise and Fall Times <5ns Inputs 0.8V and 2V
Input Pulse Levels 0.45Vto 2.4V Outputs 0.8V and 2V
AC Waveforms (Notess, 7, & 9)
{5 )
ADDRESSES 0 ADDRESSES VALID ” X
)7
_ —— I
2.0V \
e 0.8V 0 N
)7 +—Yer —
L—QCE JE— (NOTES 4,5)
o Sav \. 54 /
J (N:)?Es) I~ 4 Ly ) [
NOTES 4, 5
2.0V Hi-Z 3 AN\\Y Wiladd
ouTPUT = VALD OUTPUT_ D
e tacc | —{tone-
(NOTE 3) OH

TL/D/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: OF may be delayed up to tacc-to after the falling edge of CE without impacting tacg.
Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vopy (DC) — 0.10V
Low to TRI-STATE, the measured Vo4 (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 pF ceramic capacitor be used on
every device between Vgc and GND.

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

Note 8: 1 TTL Gate: lo. = 1.6 mA, Ioq = —400 pA.
CL: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns max.
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Programming Characteristics (otes1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Set-Up Time 1 us
toes OE Set-Up Time 1 us
tces CE Set-Up Time 1 us
tps Data Set-Up Time 1 ps
tvpPs Vpp Set-Up Time 1 1S
tvcs Vce Set-Up Time 1 ns
taH Address Hold Time 0 us
toH Data Hold Time 1 us
tor Output Enable to Output Float Delay CE=V, 0 60 ns
tpw Program Pulse Width 95 100 105 us
toe Data Valid From OE CE=V|L 100 ns
Ipp Vpp Supply Current during —E ViL 30 mA
Programming Pulse PGM = V)L

lcc Vcc Supply Current 10 mA
tr Temp Ambient 20 25 30 °C
Veco Power Supply Voltage 6.0 6.25 6.5 \
Vpp Programming Supply Voltage 12,5 12.75 13.0 \
TcRr Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
Viy Input High Voltage 2.4 4.0 \
tin Input Timing Reference Voltage 0.8 1.5 2.0 Vv
tout Output Timing Reference Voltage 0.8 1.5 2.0 \

Programming Waveforms (note 3)

PROGRAM

PROGRAM VERIFY
ADDRESSES (%Y, ADDRESS N -
- 55
as ta| loe
2y DATA IN STABLE K_HI-Z - Somorwate
DATA F{ ADO N 1_5 ADD N  —
tos ton tor
5.0 5
Vee
—/L_Lcs_.
Vo, 125V 55
P typs
CE oav -
lo—'css-o
e \‘ l[ -
‘-*o:s-‘l = tog—
G —
OF gav N s /

TL/D/8806-10
Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.

Note 2: V¢ 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 voitage 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, Voc 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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'NMC27C1024

Fast Programming Algorithm Flow Chart

START
( ADDR = FIRST LocmoD
Vo= 6.25Y
Vpp= 12,75V

INCREMENT ADDR

—>( PROGRAM ONE 100 s PULSE)

INCREMENT X

YES

-~

LAST ADDR ?
YES

Vcc = VPP =5.0v

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/8806-5
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Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C1024 are listed
in Table . It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Vo 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 Vg 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 (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 (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least tacc-tog.

The sense amps are clocked for fast access time. Voo
should therefore be maintained at operating voltage during
read and verify. If Voc 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 CE 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

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 devicez 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 NMC27C1024.

Initially, and after each erasure, all bits of the NMC27C1024
are in the 1" state. Data is introduced by selectively pro-
gramming “0's" into the desired bit locations. Although only
“0’s"” will be programmed, both “1's" and ““0’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 V. It is re-
quired that at least a 0.1 nF capacitor be placed across
Vpp, Ve 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 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 NMC27C1024 is programmed with the Fast
Programming Algorithm shown in Figure 1. Each Address is
programmed with a series of 100 us pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
program with a single 100 us 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 TTL pulse ap-

plied to the PGM input programs the paralleled
b) complete assurance that output bus contention will not  NMC27C1024s.
oceur.
TABLE I. Mode Selection
Pins CE OE PGM Vpp Vee Outputs
Mode (2) (20) (39) 1 (40) (3-10, 12-19)
Read Vi ViL ViH Vce 5V Dour
Standby VIH Don't Care Don't Care Vee 5V Hi-Z
Output Disable Don't Care VIH VIH Vee 5V Hi-Z
Program Vi 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 TTL low level program pulse applied to
an NMC27C1024 PGM input with CE at V|_ and Vpp at
12.5V will program that NMC27C1024. A TTL 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
Vcc except during programming and program verify.

Manufacturer’s ldentification 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 “8FD6", where “8F” des-
ignates that it is made by National Semiconductor, and
“D6" designates a 1 Meg part.

The code is accessed by applying 12 +0.5V to address pin
A9. Addresses A1-A8, A10-A15, and all control pins are
held at V.. Address pin AO is held at V;_for the manufactur-
er's code, and held at V| for the device code. The code is
read on the lower eight data pins, Og-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 NMC27C1024 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 NMC27C1024
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 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 |II
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 V¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 pF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg 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 Il. Manufacturer’s Identification Code

Pins Ag 07 0 05 04 03 02 04 0o Hex

(1) { (12) | (13) [ (19) | (15) | (16) | (17) | (18) | (19) | Data
Manufacturer Code | V. 1 0 0 0 1 1 1 1 8F
Device Code ViH 1 1 0 1 0 1 1 0 D6

TABLE [1l. Minimum NMC27C1024 Erasure Time

Light Intensity Erasure Time
(Micro-Watts/cm?) (Minutes)
15,000 20
10,000 25
5,000 50
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National
Semiconductor

NMC27C020

PRELIMINARY

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.

Features
m Clocked sense amps for fast access time down to
150 ns
m Low CMOS power consumption
— Active power: 110 mW max
— Standby power: 0.55 mW max
m Performance compatible to NSC800™ CMOS micro-
processor
m Single 5V power supply .
m Extended temperature range (NMC27C020QE), —40°C
to +85°C and military temperature range
(NMG27C020QM), —55°C to + 125°C, available
Pin compatible with NMOS bytewide 2 meg EPROMs
Fast and reliable programming (100 ps 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
m High current CMOS level output drivers

Block Diagram

DATA QUTPUTS 04-0y

Ver O——1b Pin Names
GND O— I I I T 1 T T T AO-A17 Addresses
Vrp Ormeep —
CE Chip Enable
Of o] oUTPUT ENABLE. > OE
M —p]  CHpEnaBiE AND - OUTPUT OF Output Enable
[t ——p| PROGRAMLOGIC BUFFERS 0g-07 Outputs
. p—
—p PGM Program
— v >
2 DECODER : Y GATING
—] —>
AQ-A17 | ¥
ADDRESS { —bf >
INPUTS | —p * 104067887
— . CELL MATRIX
.
— X
—p|  DECODER :
— g
—P
—>
—>
L—)

TL/D/9694-1
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NMC27C020

Connection Diagram

27C512|27C256|27C128/27C64|27C010| D NMC27C020Q 27C010(27C64(27C128] 27C256 |27C512
ual-In-Line Package
27512 | 27256 | 27128 | 2764 | 27010 27010 | 2764 | 27128 | 27256 | 27512
Vpp Vep—{t 32 |-Vee Vee
A16 A6—2 31| Pon PGM
A15 | Vpp | Vpp | Vpp | Al5 At5—{3 30|17 NC | Vec | Vec | Veo | Veo
A12 A12 Al12 Al12 | A12 AM2—14 2914 A14 |PGM | PGM Al4 Al4
A7 A7 A7 A7 A7 A75 28 -At3 A13 NC | A13 A13 A13
A6 A6 A6 A6 A6 A6—6 27 =28 A8 A8 A8 A8 A8
A5 A5 A5 A5 A5 As—7 26 =49 A9 A9 A9 A9 A9
A4 A4 A4 A4 A4 Ab~{8 25 k=A11 At1 | A1 | A1 A1 A1
A3 A3 A3 | A3 | A3 a3e 24 |-0E OE | OE | OF OE [OE/Vpp
A2 A2 A2 A2 A2 A2—{10 23 |—=A10 A10 | A10 | A10 A10 A10
A1 A1 A1 | A1 | A1 A1 22|~CE CE | CE | CE [CE/PGM| CE
A0 | A0 | Ao | A0 | Ao 12 210, o; |0;| 07 | o7 0;
Oo Op Op Op Op 0g—413 20 |—~0g Oe Oe Og Og Og
(o]} 04 04 04 04 0 —q14 19 =05 Os Os Os Os Os
(073 Oz (o) (o7 [0} 0,15 18}=0, Oy O4 Oy Oy Oy
GND | GND | GND | GND | GND P P 170, 03 | 03] 03 | 03 | og

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 (0°C to +70°C)

Ve = 5V £10%
Parameter/Order Number Access Time (ns)
NMC27C020Q150 150
NMC27C020Q170 170
NMC27C020Q200 200
NMC27C020Q250 250

Extended Temperature Range (—40°C to + 85°C)

Vee = 5V £10%
Parameter/Order Number Access Time (ns)
NMC27C020QE170 170
NMC27C020QE200 200
NMC27C020QE200 200

Military Temperature Range

(—55°C to +125°C)

Vee = 5V £10%
Parameter/Order Number Access Time (ns)
NMC27C020QM170 170
NMC27C020QM200 200
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COMMERCIAL TEMPERATURE RANGE
Absolute Maximum Ratings (ote 1)

Temperature Under Bias
Storage Temperature

All Input Voltages except A9 with
Respect to Ground (Note 10)

All Output Voltages with
Respect to Ground (Note 10)

Vpp Supply Voltage and A9

—-10°Cto +80°C
—65°Cto +150°C

+6.5Vto —0.6V

Vcct1.0Vto GND—0.6V

Power Dissipation

Lead Temperature (Soldering, 10 sec.)

ESD Rating

(Mil Spec 883C, Method 3015.2)

1.0W
300°C

2000V

Operating Conditions (ote7)

Temperature Range

0°Cto +70°C

with Respect to Ground V¢ Power Supply 5V +10%
During Programming +14.0Vto —0.6V
Vce Supply Voltage with
Respect to Ground +7.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current ViN = Vgg or GND 1 MA
Ito Output Leakage Current VouT = Vec or GND, CE = Vi 1 rA
lces Ve Current (Active) CE =V, f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = Vi or Vi, 170 = 0 mA
lece Vg Current (Active) CE = GND,f = 5MHz 10 20 mA
(Note 9) CMOS Inputs Inputs = Vgg or GND, I/0 = 0 mA
lccsBt Vg Current (Standby) CE =V 0.1 1 mA
TTL Inputs
lccss2 X(,_;;ACO %UII'I:EZ: S(Standby) CE = Vg 05 100 A
lpp Vpp Load Current Vpp = Vco 10 pA
ViL Input Low Voltage —0.2 0.8 \
ViH Input High Voltage 2.0 Voo + 1 Vv
VoL1 Output Low Voltage loL = 2.1 mA 0.40 \
Vou1 Output High Voltage lo = —2.5mA 35 \
VoL2 Output Low Voltage loL = 10 pA 0.1 \
Vo2 Output High Voltage loy = —10 pA Vec — 0.1 \
AC Electrical Characteristics
NMC27C020
Symbol Parameter Conditions Q150 Q170 Q200 Q250 Units
Min | Max | Min | Max | Min | Max | Min | Max
tacc Address to Output Delay j: OE =V, 150 170 200 250 ns
PGM = V|
tce CE to Output Delay OE = V|, PGM = Vi 150 170 200 250 ns
toe OE to Output Delay CE = V)I,PGM = V| 60 75 75 100 [ ns
tpF OE High to Output Float CE=V,PGM=V | © 50 0 55 55 60 ns
tcr CE High to Output Float OE=V,PGM=Vy| 0 50 0 55 55 60 ns
toH Output Hold from Addresses, CE=0E=Vy
CE or OE, Whichever PGM = V|y 0 ] 0 0 ns
Occurred First
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NMC27C020

Temperature Under Bias

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.

Storage Temperature

All Input Voltages except A9 with
Respect to Ground (Note 10)

All Output Voltages with

Respect to Ground (Note 10)

Vpp Supply Voltage and A9
with Respect to Ground

Operating Temp. Range
—65°Cto +150°C

+6.5Vto —0.6V

Voc+ 1.0V to GND—0.6V

Ve Supply Voltage with
Respect to Ground

Power Dissipation

Lead Temperature (Soldering, 10 sec.)

ESD Rating

(Mil Spec 883C, Method 3015.2)

+7.0Vto —0.6V
1.0W
300°C

2000V

Operating Conditions (Note 7)

Temperature Range

NMC27C020QE120, 150, 200

NMC27C020QM150, 200

—40°Cto +85°C
~55°Cto +125°C

During Programming +14.0Vto —0.6V Vcc Power Supply 5V +10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
L Input Load Current VIN = Vggor GND 10 pA
Lo Output Leakage Current Vout = Vgg or GND, CE = Viy 10 pA
lecy Vg Current (Active) CE=V,f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = Viyor V|, I/0 = 0 mA
lcc2 Vcc Current (Active) CE = GND, f = 5§ MHz 10 20 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA
Icessi Ve Current (Standby) CE = Viy 04 1 mA

TTL Inputs
lccse2 \C/('\;ACO Céulrr:g:: S(Standby) CE = Ve 0.5 100 pA
lpp Vpp Load Current Vpp = Veo 10 RA
ViL Input Low Voltage -0.2 0.8 v
Vin Input High Voltage 2.0 Vee + 1 \
Vou1 Cutput Low Voltage loL = 2.1mA 0.40 \"
VoH1 Output High Voltage loH = —1.6mA 3.5 \
VoLz Output Low Voltage loL = 10 pA 0.1 \
VoH2 Output High Voltage loH = 10 nA Vee — 0.1 v
AC Electrical Characteristics
NMC27C020Q
Symbol Parameter Conditions E150 E170, M170 E200, M200 Units
Min | Max [ Min | Max | Min Max
tace Address to Output Delay % SI\E/I: ViL 150 170 200 ns
tce CE to Output Delay OE =V, PGM = V| 150 170 200 ns
toe OE to Output Delay CE = V|, PGM = Viy 60 75 75 ns
toF OE High to Output Float CE = V|, PGM = V| 50 0 55 55 ns
tce CE High to Output Float OE = V|, PGM = V|4 50 0 55 0 55 ns
ton Output Hold from Addresses, | CE = OE = V_
CE or OE, Whichever PGM = V|4 0 0 0 ns
Occurred First
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Capacitance 1, = +25°C, f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN = 0V 9 15 pF

Cout Output Capacitance Vour = 0V 12 15 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8V and 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notes6,7&9)

ADDRESSES E ADDRESSES VALID o X
2l
— T P
cE oav | X ‘« /] ¢
t 33 [ CF-.
I‘_ CE ———+ NOTES 4,5
OF 2V \
OE 0.8v £¢ /
tor " tor
2.0V Hi=Z - gotes) I 3 ] Nms"s)‘r_ﬂ z
OUTPUT " e} VALID OUTPUT M)
0.8V %
tace tople-
(NOTE 3)

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: OE may be delayed up to tacc — tog after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcp compare level is determined as follows:
High to TRI-STATE, the measured Vo1 (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (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. Itis recommended that at least a 0.1 wF ceramic capacitor be used on
every device between Vg and GND.

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

Note 8: 1 TTL Gate: Ig. = 1.6 mA, Ioy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to ~2.0V for 20 ns Max.
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NMC27C020

Programming Characteristics (Notes 1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 ps
tces CE Setup Time 1 ps
tps Data Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Ve Setup Time 1 us
tAH Address Hold Time 0 ®s
toH Data Hold Time 1 1S
tor Output Enable to Output Float Delay CE=VL 0 60 ns
tpw Program Pulse Width 95 100 105 s
toe Data Valid from OE CE=V, 100 ns
Ipp Vpp Supply Current During ._Ci: ViL 30 mA
Programming Pulse PGM = V|

lcc 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 125 12.75 13.0 v
trR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 Vv
VIH Input High Voltage 2.4 4.0 \
N Input Timing Reference Voltage 0.8 1.5 2.0 \
touT Output Timing Reference Voltage 0.8 1.5 2.0 \
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Programming Waveforms (Note 3)

[e——————— PROGRAM ———<——"$§§f‘r¢“
ADDRESSES (2Y, ADDRESS N
s |t
DATA 2V f DATA IN STABLE N__Hi-Z y, :DATA OUT VALID
o8V A0 N 's Y
tos ton tor

Vee 2\1/ tves -

£G

125V >
Ve __./ typs

E ov \ .
L—tCES—— -

£C
>y

PGH clav

tew

le-tops— r+—top—1

_ [pre—
% o \ 5 /
Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.

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

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 uF capacitor is required across Vpp, Vcc 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
F are Design par not Tested or guaranteed.

TL/D/9694-4
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NMC27C020

Fast Programming Algorithm Flow Chart

START

( ADDR = FIRST LOCATION )

Ve =625V
Vpp= 12,75V

INCREMENT ADDR

—»(PROGRAM ONE 100 s PULSE)
INCREMENT X

LAST ADDR?
YES

Vee=Vpp=5.0V

DEVICE
FAILED

DEVICE
FAILED

VERIFY
ALL BYTES

PASS

DEVICE PASSED

FIGURE 1

TL/D/9694~5
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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 Vg 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 V¢ power supply must be at 6.25V dur-
ing the three programming modes, and at 5V in the other
three modes.

Read Mode

The NMC27C020 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 (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
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. Voo
should therefore be maintained at operating voltage during
read and verify. |f Voo 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.

Initially, and after each erasure, all bits of the NMC27C020
are in the 1" state. Data is introduced by selectively pro-
gramming “0's” into the desired bit locations. Although only
“0's” will be programmed, both “1’s” and “0’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 V|y. It is required
that at least a 0.1 uF capacitor be placed across Vpp, Vco
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 ps pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
program with a single 100 ps 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 V). 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
Ve 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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NMC27C020

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 Veo 5V Hi-Z
Output Disable Don’t Care VIH VIH Vce 5V Hi-Z
Program ViL ViH ViL 12.75V 6.25V DiN
Program Verify ViL ViL ViH 12.75V 6.25V Dout
Program inhibit Vi4 Don't Care Don't Care 12.75V 6.25V Hi-Z
TABLE |l. Manufacturer’s Identificatiion Code
Pins A0 [ O7 | Og | O5 | O4 | O3 | O2 | Oy | Op | Hex
(12) | (1) | (20) | (19) | (18) | (17) | (15) | (14) | (13) | Data
Manufacturer Code | V)i 1 0 0 0 1 1 1 1 8F
Device Code ViH 0 0 0 0 0 1 1 1 07

The Manufacturer’s Identification code, shown in Table II,
specifically identifies the manufacturer and the device type.
The code for the NMC27C020 is “8F07", where “8F” desig-
nates that it is made by National Semiconductor, and “07”
designates a 2 Megabit byte-wide part.

The code is accessed by applying 12V +0.5V to address
pin A9. Addresses A1-A8, A10-A17, and all control pins
are held at V). Address pin AO is held at V;_ for the manu-
facturer’s code, and held at V|4 for the device code. The
code is read on the eight data pins, Op-0O7. Proper code
access is only guaranteed at 25°C +5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C020 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 NMC27C020 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 NMC27C020
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 NMC27C020 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 Ili
shows the minimum NMC27C020 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 the device. The associated Vgg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at leasta 0.1 uF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg 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 Ill. NMC27C020
Minimum Erasure Time
Light Intensity Erasure Time
(Micro-Watts/cm2) (Minutes)
15,000 20
10,000 25
5,000 50
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National
Semiconductor

NMC27C2048

PRELIMINARY

2,097,152-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 miilitary 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.

Features
m Clocked sense amps for fast access time down

to 150 ns
m Low CMOS power consumption

— Active Power: 110 mW max

— Standby Power: 550 nW max
@ Performance compatible to 16-bit and 32-bit
microprocessors
Single 5V power supply
Extended temperature range (NMC27C2048QE), —40°C
to +85°C, and military temperature range
(NMC27C2048QM), —55°C to + 125°C, available
® Pin compatible with NMOS wordwide 2048k EPROMs
| Fast and reliable programming (100 us for most bytes)
m Static operation—no clocks required
m TTL, CMOS compatible inputs/outputs
|
[ ]

TRI-STATE® output
Optimum EPROM for total CMOS systems

m Manufacturer's identification code for automatic pro-
gramming control

m High current CMOS level output drivers
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NMC27C2048

Connection Diagram

NMC27C2048Q
27C1024 Dual-In-Line Package 27C1024
271024 o 271024
Ver Vep={! 40[=Vee Vee
CE E-{2 39|~ PoM Y
05 0153 3846 NC
O14 01474 3711=Ms As
013 04315 36 A LN
012 01218 35 =Ms At
011 01177 34— M2 Az
010 008 33 An Any
0q 099 32f~Ayg Ao
0y 0g—{ 10 3fAg Ag
GND GND—{ 11 30— GND GND
0, 0,12 29fAq Ag
0g 05113 28|—4; A
05 05— 14 27f-g Ag
0, 0,15 26|—As As
03 03— 16 25)-A, Ay
0, 0,17 24— A5 As
0 0,18 23}, Ay
0 0119 22|~ A
0E 0E—20 21 =49 Ay

Order Number NMC27C2048Q
See NS Package Number J40AQ

TL/D/9695-2

Note: National's socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C2048Q pins.

Commercial Temp Range (0°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
NMC27C2048QM200 200
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=
COMMERCIAL TEMPERATURE RANGE E
Absolute Maximum Ratings (ote 1) <:3
Temperature Under Bias —10°Cto +80°C Power Dissipation 1.0W g
Storage Temperature —65°Cto +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 . ags
Respect to Ground (Note 10) Vg + 1.0V to GND~0.6V Operating Conditions (ote7)
Vpp Supply Voltage and A9 Temperature Range 0°Cto +70°C
with Respect to Ground Vcc Power Supply +5V +10%
During Programming +14.0Vto —0.6V
Vcc Supply Voltage with
Respect to Ground +7.0Vto —-0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current VIN = Vcc or GND 0.01 1 nA
Lo Output Leakage Current Vout = Vec or GND, CE = Vi 0.01 1 nA
loct V¢c Current (Active) CE = V|, f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = V)gor V), 1/0 = 0 mA
lcca Ve Current (Active) CE = GND, f = 5 MHz 10 20 mA
{Note 9) CMOS Inputs Inputs = Voo or GND, I/0 = 0 mA
lccsBi Vcc Current (Standby) CE =V 0.4 1 mA
TTL Inputs
lccse2 gf,fb (;ulrr:zrl:: s(Standby) E = Vce 05 100 A
Ipp Vpp Load Current Vpp = Vco 10 pA
ViL Input Low Voltage -0.2 0.8 \
VIH Input High Voltage 2.0 Vee + 1 \"
VoL1 Output Low Voltage loL=21mA 0.40 \"
VOoH1 Output High Voltage loH = —2.5mA 3.5 \"
VoL2 Output Low Voltage loL = 10 pA 0.1 \"
VoH2 Output High Voltage lon = —10 pA Vee — 0.1 \"
AC Electrical Characteristics
NMC27C2048
Symbol Parameter Conditions Q150 Q170 Q200 Q250 Units
Min | Max | Min | Max | Min | Max [ Min | Max
tace Address to Output Delay CE=0E =V, 150 170 200 250 | ns
PGM = V|
tce CE to Output Delay OE = V|, PGM = V| 150 170 200 250 | ns
toe OE to Output Delay CE = V|, PGM = V| 60 75 75 100 | ns
toF OE High to Output Float CE=V ,PGM=Vy | 0 50 0 55 0 55 0 60 ns
tcr CE High to Output Float OE=V,PGM=V| 0 50 0 55 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = V).
CE or OE, Whichever PGM = V| 0 0 0 0 ns
Occurred First
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NMC27C2048

Temperature Under Bias

MILITARY AND EXTENDED TEMPERATURE RANGE

Absolute Maximum Ratings note 1)

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

Storage Temperature
All Input Voltages except A9 with
Respect to Ground (Note 10)
All Output Voltages with
Respect to Ground (Note 10) Vg + 1.0V to GND—0.6V
Vpp Supply Voltage and A9
with Respect to Ground

Operating Temp. Range
—65°Cto +150°C

+6.5Vto —0.6V

Ve Supply Voltage with

Respect to Ground +7.0Vto —0.6V
Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (Note7)

Temperature Range
NMC27C2048QE120, 150, 200
NMC27C2048QM150, 200

—40°Cto +85°C
—56°Cto +125°C

During Programming +14.0Vto —0.6V Ve Power Supply +5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current ViN = Vg or GND 10 pA
Lo Output Leakage Current VouT = Vcc or GND, CE = V|4 10 RA
lect Ve Current (Active) CE =V, f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = Vi or Vi, 1/0 = 0 mA
Icc2 Vg Current (Active) CE = GND, f = 5MHz 10 20 mA
(Note 9) CMOS Inputs Inputs = Voo or GND, I/0 = 0 mA
lcosei V¢ Current (Standby) CE=VjH 0.1 1 mA

TTL Inputs
lccse2 Z%co%u{;z:: s(Standby) CE = V¢c 05 100 WA
Ipp Vpp Load Current Vpp = Vg 10 pA
ViL Input Low Voltage -0.2 0.8 \
VIH Input High Voltage 2.0 Vee + 1 Vv
Vou1 ~ Output Low Voltage loL = 2.1mA 0.40 \Y
VoH1 Output High Voltage loH= —1.6mA 3.5 \'
VoL2 Output Low Voltage loL = 10 pA 0.1 v
Vo2 Output High Voltage lon = —10 pA Voe — 0.1 v
AC Electrical Characteristics
NMC27C2048Q
Symbol Parameter Conditions E150 E170, M170 E200, M200 Units
Min Max | Min | Max | Min | Max
tacc Address to Output Delay CE=0E=vV 150 170 200 ns
PGM = V|4
tce CE to Output Delay OE = V), PGM = V|4 150 170 200 ns
tog OE to Output Delay CE =V, PGM = Vi 60 75 75 ns
to OE High to Output Float CE = Vj,,PGM = V| 50 0 55 0 55 ns
tcr CE High to Output Float OE = V|,PGM = V|y 0 50 0 55 0 55 ns
toH Output Hold from Addresses, | CE = OE = Vi
CE or OE, Whichever PGM = Vi 0 0 0 ns
Occurred First
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Capacitance 1, = +25C,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

Cin Input Capacitance ViN = 0V 12 20 pF

Cour Output Capacitance | Voyt = OV 13 20 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8vVand 2v
Input Pulse Levels 0.45Vto 2.4V

AC Waveforms (notess, 7, &9)

£C L

2 3
ADDRESSES E ADDRESSES VALID ot X
7r
— — _
G " /
L P-— F——
tCE (NOTES 4,5)
® T\ o/
2
_,I tog o o
(NoTE3) [ (Notes 4,5) [+
2.0V Hi=Z {5 Hi=Z
OUTPUT — VALID OUTPUT P
0.8V ) £§
'ACC | t,
T (NOTES) T o

TL/D/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 tacc — toE after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vg (DC) — 0.10V;
Low to TRI-STATE, the measured Vg 4 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 wF ceramic capacitor be used on
every device between Vgc and GND.

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

Note 8: 1 TTL Gate: lo. = 1.6 mA, oy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vcg except during programming.
Note 10: inputs and outputs can undershoot to —2.0V for 20 ns Max.
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NMC27C2048

Programming Characteristics (Notes1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 Mus
toEs OE Setup Time 1 us
tces CE Setup Time OE = V|y 1 us
tps Data Setup Time 1 pus
tvps Vpp Setup Time 1 5]
tvcs Ve Setup Time 1 ps
tAH Address Hold Time 0 us
toH Data Hold Time 1 us
tor Output Enable to Output Float Delay CE= V| 0 60 ns
tpw Program Pulse Width 95 100 105 us
toe Data Valid from OE CE=v, 100 ns
Ipp Vpp Supply Current During CE=V 30 mA
Programming Pulse PGM = V|

Icc Ve Supply Current 10 mA
TA Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 \
Vpp Programming Supply Voltage 12.5 12.75 13.0 \
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
Vin Input High Voltage 24 4.0 \
tin Input Timing Reference Voltage 0.8 1.5 2.0 A
tout Output Timing Reference Voltage 0.8 1.5 2.0 \"

Programming Waveforms (Note 3)

PROGRAM PROCRAM
) =
ADDRESSES &Y, ADDRESS N ; X
bs b
L..{ DATA N STABLE h__Hi-Z &5 v van
DATA 557 ADD W "1 —
4 f
bs ton F—tor
6.0V 55
Ve —A tves
|
Voo 128V 55
(3 typs
G osv X
F—toes ]
oM oy
4
¥ L“o:s’l = tor —~
% gy N /

TL/D/9695-4
Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.

Note 2: Vo 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 Vg,

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 uF capacitor is required across Vpp, Vo to GND to suppress
spurious voltage transients which may damage the device.

Note 4: Programming and program verity 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

START

( ADDR = FIRST LOCATION )

Vcc =6.25V
Vpp=12.75V

IS
L

—»(PROGRAM ONE 100 us PULSE)
INCREMENT X

INCREMENT ADDR

LAST ADDR?
YES

Ve =Vpp=5.0V

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/9695-5
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NMC27C2048

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 TTL levels. The power supplies required are Vgc 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 Vg 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 (tacg) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
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. Voo
should therefore be maintained at operating voltage during
read and verify. If Voo 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
oceur.

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 14V on 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 ““0’s” into the desired bit locations. Although only
*0’s"” will be programmed, both “'1’s” and ““0’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 V}y. It is re-
quired that at least a 0.1 pF capacitor be placed across
Vpp, Vo 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 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 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 paralle! with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paralle!
NMC27C2048s 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
NMC27C2048s.

TABLE I. Mode Selection

Pins CE OE PGM Vpp Vee Outputs

Mode (2) (20) (39) (1 (40) (3-10, 12-19)
Read ViL Vi ViH Vee 5V Dout
Standby ViH Don’t Care Don't Care Vee 5V Hi-Z
Output Disable Don’t Care VIH VIH Veo 5V Hi-Z
Program ViL ViH ViL 12.75v 6.25V DN
Program Verify ViL ViL Vi 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 V). and Vpp at 1275V 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 Vgg.

Manufacturer’s ldentification 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 I,
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 A1-A8, A10-A16, and all control pins
are held at V). Address pin A0 is held at Vj_ for the manu-
facturer's code, and held at V|4 for the device code. The
code is read on the lower eight data pins, Og-O7. 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-

TABLE il. Manufacturer’.

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 (i.e., UV
intensity x exposure time) for erasure should be a minimum
of 15W-sec/cm?2.

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 IlI
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 V¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 pF bulk electrolytic
capacitor should be used between Vo 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.

s Identification Code

Pins Ag 07 17 05 04 03 02 04 0o Hex

(21) | (12) | (13) | (14) | (15) | (16) | (17) | (18) | (19) | Data
Manufacturer Code | V| 1 0 0 0 1 1 1 1 8F
Device Code VIH 0 1 0 1 0 1 1 1 57

TABLE 1. Minimum NMC27C2048 Erasure Time

Light Intensity Erasure Time
(Micro-Watts/cm2) (Minutes)
15,000 20
10,000 25
5,000 50
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National
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 1.5 CMOS process. FLASH technology utilizes a double-poly single metal floating gate with an oxide
thickness of 200A, which permits programming via hot electron injection and erasure thru Fowler-Nordheim tunneling (Figurs 7).

Programming Via Hot Electron Injection Erasure Via Tunneling
12v

200°A 200°A

FLOATING
GATE

FLOATING
GATE

ov OPEN
SOURCE

SOURCE
12v -

TL/XX/0065-1 TL/XX/0065~2
FIGURE 1

The cell structure shown consists of 1.5T 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 FLOATING GATE  COLUMN LINE
4 \' TN
1 \
| ] L |7'| ROW LINE
' LA
N 4
- BIT SELECTION
TRANSISTOR
| 1] | 1] ROW LINE

TL/XX/0085-3
FIGURE 2
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FLASH EPROM and EEPROM Technology Overview

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.

15T PROGRAM THRESHOLD VOLTAGE

/v

THRESHOLD VOLTAGE

/ ERASURE THRESHOLD VOLTAGE
OF THE CELL

— PROGRAM/ERASE CYCLES

\\“ 1+ 5T ERASURE THRESHOLD VOLTAGE
OF THE FLOATING GATE

TL/XX/0065-4
FIGURE 3

With these benefits and the ability of this technology to achieve die sizes and hence densities comparable to UV-EPROMSs, 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

NMC48F512

ADVANCE INFORMATION

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

Features

In-circuit program/erase

— 512-byte sector and chip program/erase
— 7.5 seconds (max) erase time

— 200 ps (typ) byte program time

fast electrical sector/chip erase feature of EEPROMs. The ® 12V-13V Vpp for program/erase
whole array of the NMC48F512 can be electrically erasedin = m Designed for total on-line operation
7.5 seconds (max) compared to the typical 15-20 minutes — Internal address and data latches
erase time required by conventional UV-EPROMSs. — On-chip program/erase timer
The NMC48F512 is equipped with on-chip address and data W Low CMOS power consumption
latches and, an on-board timer which allows the host CPU — Active power: 275 mW max
to perform program and erase operations with minimum — Standby power: 0.55 mW max
width instruction cycles, without using wait states. The add- m Fast access time: 200 ns
ed benefit of the on-chip integration is to enable the CPUto g 32-pin JEDEC approved pinout
perform other tasks during the program/erase operations. — Upgrade path to 4 Mbit
;I"he NMC48F51|2 is housed in a 32-pin w:‘r]!dowless duakin- g Minimum endurance of 100 program/erase cycles
ine package allowing for easy upgradeability to 4 Mbit. m Program/erase at 0°C to +70°C
The dfast access times of 20(1 r;\s and Ctthlow active.and = 10 year data retention
§tan by power consump'tlon of the NMC48F512 make it an m TTL, CMOS compatible inputs/outputs
ideal memory for most high performance systems. .
K . i R W TRI-STATE® output pins
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
Voo O—>
o—>p PROGRAM 1/0g=1/0
GND + ERASE 07 .
7 tttttttd
0 —>] —>] WRITE LATCHES | Pin Names
WE > CONTROL t t
& LoGic AO-A15 Addresses
—> OUTPUT == R
.L BUFFERS CE Chip Enable
f— | —> | OE Output Enable
—> = .
Y L4 WE Write Enable
—>
— PECODER * Y O 1/0g-1/0 Input/O
—_— o~1/07 nput/Output
_L E NC No Connect
A0-A15 | —p{ A >
ADDRESS { —> & .
INPUTS | —¥ § °
_L a X . 524,288 = BIT
> DECODER CELL MATRIX
— [ ]
— b
N [~ |

TL/D/9705-1
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NMC48F512

Connection Diagram

4 Mbit 2 Mbit 1 Mbit
Ag Vep Vpp
Ate Ae Atg
Ais As A1s
A2 A2 A2

Az Az Az
As Ag Ag
As As As
A4 Ag A4
A3 Az Ag
Az A2 Ao
Aq Aq Aq
Ao Ao Ao
1/0g 1/0g 1/0g
1104 1/0; 1104
1705 110, 1105
GND GND GND

FLASH EEPROM
NMC48F512 1 Mbit 2 Mbit 4 Mbit
Vep—{! 32~V Vee Ve Veeo
NC— 2 3 -WE WE WE WE
A15—3 30}-Ne NC A7 A7
A12—4 29 —A14 A14 A14 A14
A7—5 28 f—A13 A1g A3 A1z
A6—16 27 }-A8 Ag As Ag
A5=—17 26 |=A9 Ag Ag Ag
Ad—{8 25 f—At1 A1q A1y A4
A3—9 24 -0 OE OE OE
A2—410 2310 Ao Ao Ao
A—{11 22|—-CE CE CE CE
Ag—{12 21}=1/0, 1107 1107 1/07
1/0g—{13 20 |~1/0g 1/0g 1/0g 1/0g
1/0,—14 19|~1/05 1/0s 1/10s 1/0s
1/0,—{15 18 |~1/0, 1104 1/04 1/04
GND—{16 17 ~1/05 1705 1/05 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 (0°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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Part Access Cycle Power Power Dissipation Packaging Operating
Capacity Organization Number :Lms: 1('::; St:sp;ly Active Standby oIP so Temperature
(mA) (A)
CMOS EEPROM g’ nZ,
256-Bit 16x 16 NMGC93C06
Seral NMCo3CS08* 500 500 +5 2 50 8 14 §. (=
512-Bit 32x16 NMC93C26 = |
Serial NMC93CS26* 500 500 +5 2 50 8 14 8 o
L]
1024-Bit 64x16 NMC93C46 = )
Serial NMC93CS46* 500 500 +5 2 50 8 14 8-
m
; i?a)l(l ; NMC98C10 300 400 5 10 100 18 2 L o
NMC98G10-1 180 280 CEM g §'
2048-Bit 12816 NMC93C56
Serial NMC93CS56* 500 500 +5 2 50 8 14 ()
gse )|(| 8| NMG98C20 300 400 5 10 100 18 20 =
arallel NMC98C20-1 180 280 %
4096-Bit 256 x 16 NMC93C66 =
Serial NMC93CS66* 500 500 +S 2 50 8 14 8
~=
§12 >I<l 8| NMC98C40 300 400 5 10 100 18 20 3
arafle NMC98C40-1 180 280 3
NMOS EEPROM o
256-Bit NMC9306 2 4 10 3 8 14,8 CEM c
16x16 NMGC9307 2 4 +5 10 3 8 a
NMC9313B 2 5 15 5 8 c o®
1024-Bit 4% 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 = 0Cto +70°C

E = —40°Cto +85°C
M = —-55°Cto +125°C

apInY uoRd3I8s WOHd33



NMC9306

National
Semiconductor

NMC9306 256-Bit Serial Electrically Erasable

Programmable Memory

General Description

The NMC8306 is a 256-bit non-volatile sequential access
memory fabricated using advanced floating gate N-channel
E2PROM technology. It is accessed via the simple
MICROWIRE™™ 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 mest applications requiring up to 4x 104
erase/write cycles per register. A power down mode reduc-
es power consumption by 70 percent.

Features
m Low cost

| Single supply operation (5V + 10%)

B TTL compatible

B 16X 16 serial read/write memory
m MICROWIRE compatible serial 170
B Compatible with COP400 processors

| Low standby power

# Non-volatile erase and write

m Reliable floating gate technology
| 40,000 erase/write cycles typical

Block Diagram

wp  fEVCC
I cenenaton |

VPP

A4

2)
> 32 E‘PROM
DECODER _’ 256 BITS

—p] 16 (16 16)

T 3

t:gg’z‘gg A/W AMPS ) Pin Names
- cs Chip Select
“4 35 SK Serial Data Clock
B DI Serial Data Input
—P] TEEE?rES? o : < :D—nu DO Serial Data Output
Vee Power Supply
o GND Ground

b—p]  INSTRUCTION
REGISTER (LK
—> (9 BITS)

AL

INSTRUCTION
DECODE,

CONTROL
AND

CLOCK
GENERATORS

\A A4

SK

TL/D/5029-1




Connection Diagram

Dual-In-Line Package (N)

cs—{1 |\ 8 [—vce
SKemnd 2 Tp—NC
n—{3 8 |—nc
D0—14 ] LGND
TL/D/5029-10
Top View

See NS Package Number NOSE

Ordering Information

14-Pin

SO Package (M)

NC =4
CS =1
$K =
NC —1
0l =
00 —
NC =

M

TL/D/5029-12

Top View
See NS Package Number M14B

Commerclal Temperature Range (0°C to +70°C)
Vee = 5V = 10%

Order Number Device Marking
NMC9306N NMC9306N
NMC9306M 9306M14
NMC9306M8 9306

Extended Temperature Range (—40°C to + 85°C)
Vee = 5V £ 10%

Order Number Device Marking
NMC9306EN NMC9306EN
NMC9306EM 9306EM14

NMC9306EM8 9306E

Military Temperature Range (—55°C to + 125°C)
Vee = 5V = 10%

Order Number Device Marking
NMC9306MN NMC9306MN
NMC9306MM 9306MM14

NMC9306MM8 9306M

8-Pin
SO Package (M8)

¢s N gl=vec

SK ==t 7f=nNe

Dl = 6f=Nc
DO == 5 = GND

TL/D/5029-11
Top View

See NS Package Number MOBA
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NMC9306

Absolute Maximum Ratings
Voltage Relative to GND +6Vto —0.3V
Ambient Storage Temperature —65°Cto +125°C

Lead Temperature
(Soldering, 10 seconds)

ESD rating

300°C
2000V

Operating Conditions

Ambient Operating Temperature

NMC9306/C0OP494 0°Cto +70°C
NMC9306E —40°C to +85°C
NMC9306M* —55°Cto +125°C
Positive Supply Voltage 4.5V to 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 v = 5v +10% unless otherwise specified

Parameter Part Number Conditions Min Typ Max Units
Operating Voltage (Vcc) NMC9306, NMC9306E, 45 5.5 v
NMC9306M* ) i
Operating Current (Icc1) NMC9306 Voo = 6.5V,CS =1 10 mA
NMC9306E Vecc = 5.5V,CS =1 12 mA
NMC9306M Voo = 5.5V,CS = 1 14 mA
Standby Current (Iccz) NMC9306 Vec = 5.5V,CS =0 3 mA
NMC9306E Voc = 5.5V,C8 =0 4 mA
NMC9306M Vee = 5.5V,CS = 0 5 mA
Input Voltage Levels
ViL NMC9306 -0.1 0.8 \
Vi 2.0 Voo + 1 \
ViL NMC9306E -0.1 0.8 \"
ViH 2.0 Voo + 1 \']
ViL NMC9306M -0.1 0.8 v
ViH 2.0 Ve + 05 \
Output Voltage Levels NMC9306, NMC9306E,
VoL NMC9306M loL = 21 mA 0.4 \
VoH loq = —400 pA 2.4 \
Input Leakage Current NMC9306, NMC9306E, | VN = 5.5V 10 A
NMC9306M “
Output Leakage Current NMC9306, NMC9306E, | Vour = 5.5V,CS =0 10 A
NMCS306M w
SK Frequency NMC9306 0 250 kHz
SK HIGH TIME tgkH (Note 2) 1 us
SK LOW TIME tgk| (Note 2) 1 s
SK Frequency NMC9306E 0 kHz
SK HIGH TIME tgky (Note 2) 1 250 pus
SK LOW TIME tgk; (Note 2) 1 ps
SK Frequency NMC9306M 0 200 kHz
SK HIGH TIME tgky (Note 2) 2 us
SK LOW TIME tgk| (Note 2) 1 us
Input Set-up and Hold Times NMC9306, NMC9306E,
Cs tcss NMC9306M 0.2 us
tcsH 0 us
DI tois 0.4 ps
toiH 0.4 us
Output Delay NMC9306, NMC9306E, | C| = 100 pF
DO  tppy NMC8306M VoL = 0.8V, Voy = 2.0V 2 us
tPbo ViL = 0.45V, V| = 2.4V 2 us
Erase/Write Pulse Width NMC9306, NMC9306E, 10 30 ms
(tesw) (Note 1) NMC9306M

*Throughout this table, “M” refers to temperature range (—55°C to + 125°C), not package.
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Electrical Characteristics v = 5v +£10% unless otherwise specified (Continued)

Parameter Part Number Conditions Min Typ Max Units
CS Low Time NMC9306, NMC9306E, 1 s
(tcs) (Note 3) NMC9306M a
Endurance NMC9306, NMC9306E, Data Changes

NMC9306M Per Bit 40,000 Cycles

Note 1: tg, 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 ps, therefore in an SK clock cycle, tsky + tskL must be greater than or equal to 4 ps.
e.g.if tgk. = 1 ps then the minimum tgky = 3 pus in order to meet the SK frequency specification.

Note 3: CS must be brought low for a minimum of 1 us (cg) between consecutive instruction cycles.

Functional Description

The NMC9306 is a small peripheral memory intended for
use with COPS™ 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
controiled 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
(Vce). 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 (Vco)
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

set to 0'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’s. When the erase/write
programming time (tg,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 V|4, 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).

90E6JNN

Instruction | SB | Op Code Address Data Comments

READ 01 10xx A3A2A1A0 Read Register ABA2A1A0
WRITE 01 01xx A3A2A1A0 | D15—D0 | Write Register ABA2A1A0
ERASE 01 11xx A3A2A1A0 Erase Register ABA2A1A0
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—D0 | 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 bitin
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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NMC9306
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@
Synchronous Data Timing o
P 4ust a
Q
3
SK tskH tskL @
0.4 uS 0.4 uS
tpis toiH
0.2uS tesH
tess 0.0 uS
CS
2 usS 2 uS
topo tpp1
\
0o OH
VoL

TL/D/5029-13

*This is the minimum SK period and is 5p. for NMC9306M
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READ

Instruction Timing

T\ XX

WRITE

ERASE
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*te/w measured to rising edge of SK or CS, whichever occurs last.
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NMC9306
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Instruction Timing (Continued)

iy

g‘E”;cs_/ \

(ERASE/WRITE
S\ [

ENABLE/DISABLE)
ENABLE=11

DISABLE=00

TL/D/5029-17
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TL/D/5029~18
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TL/D/5029-19

*tg/w measured to rising edge of SK or CS, whichever occurs last.




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 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 (DI) 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 MICROWIRE™ 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/NMC93C26/NMC93C46 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.

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 2048-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

m Typical active current 400 pA; Typical standby current
25 pA

m Reliable CMOS floating gate technology

W 5V only operation in all modes

m MICROWIRE compatible serial 1/0

=m Self-timed programming cycle

m Device status signal during programming mode

m Over 10 years data retention

| Typically 40,000 writes

Block Diagram

s »  stRuction Ve
o« M ocooer,
o 5] wsuction O GLock
o REGISTER
GENERATORS.
6 A 4
| HIGH VOLTAGE
ADDRESS GENERATOR
REGISTER AND
PROGRAM
TIMER
1 Vep
Y
EEPROM ARRAY
?Eggngf » 256/512/1024 BITS
(16x16/32x16/64x16)
Vg5
DUMMY

DATA IN/ OUT REGISTER |
16 BITS BIT

DATA oUT
BUFFER

A

TL/D/8790-3
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NMC93C06/NMC93C26/NMC93C46

Connection Diagrams

Dual-In-Line Package (N)

\/
cs=—1 8-Veo
SK=—42 7f=NC
DI=—3 6—=NC
DO—14 5=GND
TL/D/B790-1
Top View

See NS Package Number NOSE

Ordering Information

Pin Names

CS Chip Select

SK Serial Data Clock
DI Serial Data Input
DO Serial Data Output
GND Ground

Vcc Power Supply

Commercial Temp. Range (0°C to +70°C)
Vee = 5V £10%

Order Number

NMC93C06N/NMC93C26N/
NMC93C46N
NMC93C06M/NMCe3C26M/
NMC93C46M

Extended Temp. Range (—40°C to +85°C)
Vee = 5V £10%

Order Number

NMC93CO6EN/NMC93C26EN/
NMC93C46EN
NMC93C06EM/NMC93C26EM/
NMC93C46EM

Military Temp. Range (—55°C to + 125°C)

Order Number

NMC93C06MN/NMC93C26MN/
NMC93C46MN
NMC93C06MM/NMC93C26MM/
NMC93C46MM

SO Package (M)
O/

CS = VCC
SK = NC
NC =~ NC
DI— NC
DO = GND

TL/D/8790-2

Top View
See NS Package Number M14A
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. . . =
Absolute Maximum Ratings (Note 1) Operating Conditions o
It Military/Aerospace specified devices are required, Ambient Operating Temperature 8
contact the Natlonal Semiconductor Sales Office/ NMC93C06/26/46 0°Cto +70°C g
Distributors for availability and specifications. NMC93C06/26/46E —40°Cto +85°C o
All Input or Qutput Voltages +6.5Vto —0.3V NMC93C06/26/46M —55Cto +125°C | >
with Respect to Ground Positive Supply Voltage 4.5V to 5.5V §
Ambient Storage Temperature —65°Cto +150°C 8
Lead Temperature o
(Soldering, 10 seconds) +300°C 8
ESD rating 2000V =>
. ar =
DC and AC Electrical Characteristics Vee = 5V £10% unless otherwise specified 8
[}
Symbol Parameter Part Number Conditions Min Max Units g
lcct Operating Current NMC93C06/26/46 CS = Vm, SK = 1 MHz 2 <
CMOS Input Levels NMC93C06/26/46E SK = 0.5 MHz 2 mA
NMC93C06/26/46M* SK = 0.5 MHz 2
lccz Operating Current NMC93C06/26/46 CS = Vi, SK = 1 MHz 3
TTL Input Levels NMC93C06/26/46E SK = 0.5 MHz 3 mA
NMC93C06/26/46M SK = 0.5 MHz 4
lecs Standby Current NMC93C06/26/46 CS =o0v 50
NMC93C06/26/46E 100 HA
NMC93C06/26/46M 100
I Input Leakage NMC93C06/26/46 ViN = 0VtoVce -25 25
NMC93C06/26/46E -10 10 pA
NMC93C06/26/46M -10 10
loL Output Leakage NMC93C06/26/46 Vout = 0Vto Vee -25 2.5
NMC93C06/26/46E -10 10 pA
NMC93C06/26/46M -10 10
Vit Input Low Voltage -0.1 0.8 v
VIH Input High Voltage 2 Ve +
VoL1 Output Low Voltage loL = 2.1mA 0.4 v
VoH1 Output High Voltage loq = —400 pA 24
VoL2 Output Low Voltage loL = 10pA 0.2 v
VoHz Output High Voltage loH = —10 pA Vcc — 0.2
fsk SK Clock Frequency | NMC93C06/26/46 0 1
NMC93C06/26/46E 0 0.5 MHz
NMC93C06/26/46M 0 0.5
tskH SK High Time NMC93C06/26/46 (Note 2) 250
NMC93C06/26/46E (Note 3) 500 ns
NMC93C06/26/46M (Note 3) 500
tskL SK Low Time NMC93C06/26/46 (Note 2) 250
NMC93C06/26/46E (Note 3) 500 ns
NMC93C06/26/46M (Note 3) 500
tcs Minimum CS NMC93C06/26/46 (Note 4) 250
Low Time NMC93C06/26/46E (Note 5) 500 ns
NMC93C06/26/46M (Note 5) 500
tcss CS Setup Time NMC93C06/26/46 Relative to SK 50
NMC93C06/26/46E 100 ns
NMC93C06/26/46M 100
*Note: Thruout this table “M" refers to temperature range (~55°C to +125°C), not package.
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NMC93C06/NMC93C26/NMC93C46

DC and AC Electrical Characteristics v -

5V 1 10% (Continued)

Symbol Parameter Part Number Conditions Min Max Units

tois DI Setup Time NMC93C06/26/46 Relative to SK 100
NMC93C06/26/46E 200 ns
NMC93C06/26/46M 200

tcsH CS Hold Time Relative to SK 0 ns

tDIH DiHold 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 AC Test 500
NMC93C06/26/46E 1000 ns
NMC93C06/26/46M 1000

tPDo Output Delay to “0” NMC93C06/26/46 AC Test 500
NMC93C06/26/46E 1000 ns
NMC93C06/26/46M 1000

tsv CS to Status Valid NMC93C06/26/46 AC Test 500
NMC93C06/26/46E 1000 ns
NMC93C06/26/46M 1000

toF CStoDOin NMC93C06/26/46 CS =V 100

TRI-STATE® NMC93C06/26/46E AC Test 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 s, therefore in an SK clock cycle tsky + tgkL must be
greater than or equal to 1 us. For example if tgk. = 250 ns then the minimum tgky = 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 ps. For expample, if tgk. = 500 ns then the minimum tgky = 1.5 ps in order to meet the SK frequency
specification.

Note 4: For Commercial parts CS must be brought low for a minimum of 250 ns (tcg) betwsen consecutive instruction cycles.
Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns {tcs) 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 = 1 MHz Output Load 1 TTL Gate and C_ = 100 pF
Symbo! Test Typ | Max | Units Input Pulse Levels 0.4Vto 2.4V
N Timing Measurement Reference Level
Cout Output Capacitance 5 pF Inpgt 1V and 2V
Cin Input Capacitance 5 pF Output 0.8V and 2V




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 V¢c 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 Voo
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 (tcg).
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 (DI) 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 250 ns
(tcs). 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 250 ns (tcs).

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 50
ns (tcs).

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 SB Op Code Address Data Comments
READ 1 10 A5-A0 Reads data stored in memory, starting at specified address.
EWEN 1 00 11XXXX Write enable must precede all programming modes.
ERASE 1 11 A5-A0 Erase register ASA4A3A2A1A0.
WRITE 1 01 A5-A0 D15-D0 Writes register.
ERAL 1 00 10XXXX Erase all registers.
WRAL 1 00 01XXXX D15-D0 Writes all registers.
EWDS 1 00 00XXXX Disables all programming instructions.
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NMC93C06/NMC93C26/NMC93C46

Timing Diagrams

Synchronous Data Timing
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0 (READ)
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*This is the minimum SK period (Note 2). TL/D/8790-4

Note 2: The SK frequency specification for Commercial parts specifies a minimum SK clock period of 1 ps, therefore in an SK clock cycle tgky + tgk must be
greater than or equal to 1 ps. For example if tsk. = 250 ns then the minimum tgky = 750 ns in order to meet the SK frequency specification.

DI

READ:

)L Ik
¢ (¢

OOE

Do

TL/D/8790-5

*Address bit A5 becomes “don’t care” for NMC93C26.
*Address bits A5 and A4 become “don’t care” for NMC93C06.

WEN:
DO = TRI-STATE

N\ OO0

TL/D/8790-6
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Timing Diagrams (continued)

EWDS:
DO = TRI-STATE

cs _J tes
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DI /T\n 0 0 0 X oo X

WRITE:

TL/D/8790-7

N\ EOERX:

DO BUSY READY

twp |
TL/D/8790-8

*Address bit A5 becomes “don’t care” for NMC93C26.
*Address bits A5 and A4 become “don't care” for NMC93C06.

WRAL:
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NMC93C06/NMC93C26/NMC93C46

Timing Diagrams (Continued)
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National
Semiconductor

PRELIMINARY

NMC93CS06/CS26/CS46 256-Bit/512-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

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

B Write protection in user defined section of memory
m Typical active current 400 pA; Typical standby current
25 pA

Reliable CMOS floating gate technology

5 volt only operation in all modes

Microwire compatible serial 1/0

Self-timed programming cycle

Device status signal during programming mode
Sequential register read

m Over 10 years data retention

W 40,000 write cycles typical

Block Diagram

cs »|  INSTRUCTION +— V¢
sk > DECODER, PI—— -
o] wstrucrion CONTROL LOGIC, ¢ PE
ol o [l AND CLOCK
GENERATORS.
6 I "| ADDRESS COMPARE S 3
A 4 AND HIGH VOLTAGE
ADDRESS PROTECT WRITE ENABLE  |—»]  GENERATOR
REGISTER REGISTER EN AND
PROGRAM
TIMER
l Vep
EEPROM ARRAY
DECODER
» 256/512/ 1024 BITS
1 OF 16/32/64 (1632764 x 16)
+— Vg5
DATA IN/ OUT REGISTER DUMMY
> 16 BITS Bl

DATA OUT
BUFFER

|

TL/D/9208-3
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NMC93CS06/CS26/CS46

Connection Diagrams

PIN OUT:
Dual-In-Line Package (N)
./

SK~42 7}=PRE
DI—3 6}—PE
DO—44 5=GND

TL/D/9208-1
Top View

See NS Package Number NOSE

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
Vcc Power Supply

Commercial Temp. Range (0°C to +70°C)
Vce = 5V = 10%

Order Number

NMC93CS08N/NMC93CS26N/
NMC93CS46N
NMC83CS06M/NMC93CS26M/

NMC93CS46M

Extended Temp. Range (—40°C to +85°C)
Voc = 5V £ 10%

Order Number

NMC93CS06EN/NMCO3CS26EN/
NMC93CS46EN
NMC93CS06EM/NMC9O3CS26EM/
NMC93CS46EM

Military Temp. Range (--55°C to + 125°C)

Order Number

NMC93CS06MN/NMC93CS26MN/
NMC93CS46MN
NMC93CS06MM/NMC93CS26MM/
NMC93CS46MM

PIN OUT:

SO Package (M)

TL/D/9208-2
Top View

See NS Package Number M14A
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=z
Absolute Maximum Ratings Operating Conditions S
If Military/Aerospace specified devices are required, Ambient Operating Temperature 8
contact the National Semiconductor Sales Office/ NMC93CS06/NMC93CS26/ 0°Cto +70°C 8
Distributors for avallability and specifications. NMC93CS46 o
Ambient Storage Temperature —65°Cto +150°C :mggggggg? NMC93CS26E/ —40°Cto +85°C g
A'%ﬁ“&gg;‘gt":’; otagos +6.5Vto ~0.3V NMC93CS06M/NMC93CS26M/  —55'Cto +125'C | B
Lead T wure (Soldering. 10 300G NMC93CS46M (Mil. Temp.) (g
ca e'mpera ure (Soldering, 10 sec.) Positive Power Supply 4.5Vt0 5.5V (9]
ESDrating 2000V g_’
-3
DC and AC Electrical Characteristics v¢c = 5v +10% unless otherwise specified
Symbol Parameter Part Number Conditions Min Max |[Units
lcct Operating Current | NMC93CS06/NMC93CS26/NMC93CS46 CS = Vi, SK = 1 MHz 2
CMOS input Levels |[NMC93CS06E/NMC9O3CS26E/NMC93CS46E |SK = 0.5 MHz 2 mA
NMC93CS06M/NMC93CS26M/NMCI3CS46M* |SK = 0.5 MHz 2
loccz Operating Current  |NMC93CS06/NMC93CS26/NMC93CS46 CS = V|y,SK = 1 MHz 3
TTL Input Levels NMC93CS06E/NMC93CS26E/NMC93CS46E  [SK = 0.5 MHz 3 mA
NMC93CS06M/NMC93CS26M/NMC93CS46M |SK = 0.5 MHz 4
lccs Standby Current NMC93CS06/NMC93CS26/NMC93CS46 CS =0V 50
NMC93CS06E/NMC93CS26E/NMC93CS46E 100 MA
NMC93CS06M/NMC93CS26M/NMCI3CS46M 100
[T Input Leakage NMC93CS06/NMC93CS26/NMC93CS46 ViN = 0Vto Ve —-25 2.5
NMC93CS06E/NMCO3CS26E/NMC93CS46E -10 10 nA
NMC93CS06M/NMC93CS26M/NMC93CS46M -10 10
loL Output Leakage NMC93CS06/NMC93CS26/NMC93CS46 Vout = 0Vto Ve -25 25
NMC93CS06E/NMC93CS26E/NMC93CS46E —-10 10 HA
NMC93CS06M/NMC93CS26M/NMC93CS46M -10 10
ViL Input Low Voltage -0.1 0.8 v
ViH Input High Voltage 2 Ve + 1
VoL1 |Output Low Voltage loL = 2.1mA 0.4 v
Von1 |Output High Voltage lon = —400 pA 24
VoLz |Output Low Voitage loL = 10 pA 0.2 v
VoH2 |Output High Voltage loH = —10 pA Vcc — 0.2
fsk SK Clock Frequency | NMC93CS06/NMC93CS26/NMC93CS46 0 1
NMC93CS06E/NMC93CS26E/NMCI3CS46E 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/NMC93CS26E/NMCO3CS46E | (Note 3) 500 ns
NMC93CS06M/NMC93CS26M/NMC9O3CS46M | (Note 3) 500 |
tcs Minimum CS NMC93CS06/NMC93CS26/NMC93CS46 (Note 4) 250
Low Time NMC93CS06E/NMCO93CS26E/NMCO3CS46E | (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/NMC93CS26M/NMCI3CS46M 100
tpres {PRE Setup Time NMC93CS06/NMC93CS26/NMC93CS46 Relative to SK 50
NMC93CS06E/NMC93CS26E/NMC9O3CS46E 100 ns
NMC93CS06M/NMC93CS26M/NMCI3CS46M 100
*Throughout this table “M" refers to temperature range (~55°C to + 125°C), not package.
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NMC93CS06/CS26/CS46

DC and AC Electrical Characteristics Voo = 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/NMCI3CS46E 100 ns
NMC93CS06M/NMC93CS26M/NMC93CS46M 100

tois DI Setup Time NMC93CS06/NMC93CS26/NMCI3CS46 Relative to SK 100
NMC93CS06E/NMC93CS26E/NMCI3CS46E 200 ns
NMC93CS06M/NMC93CS26M/NMC93CS46M 200

tcsH CS Hold Time Relative to SK 0 ns

tpEH PE Hold Time NMC93CS06/NMC93CS26/NMCI3CS46 Relative to CS 250
NMC93CS06E/NMC93CS26E/NMCI3CS46E | Relative to CS 500 ns
NMC93CS06M/NMC93CS26M/NMC93CS46M | Relative to CS 500

tPREH PRE Hold Time Relative to SK 0 ns

toIH D1 Hold Time NMC93CS06/NMC93CS26/NMCI3CS46 Relative to SK 100
NMC93CS06E/NMC93CS26E/NMC93CS46E 200 ns
NMC93CS06M/NMC93CS26M/NMC93CS46M 200

tpD1 Output Delay to “1” | NMC93CS06/NMC93CS26/NMC93CS46 500
NMC93CS06E/NMC93CS26E/NMCI3CS46E | AC Test 1000 ns
NMC93CS06M/NMC93CS26M/NMC93CS46M 1000

trDo Output Delay to “0” | NMC83CS06/NMC93CS26/NMC93CS46 500
NMC93CS06E/NMC93CS26E/NMC93CS46E | AC Test 1000 ns
NMC93CS06M/NMC93CS26M/NMC93CS46M 1000

tsv CS to Status Valid NMC93CS06/NMC93CS26/NMC93CS46 500
NMC93CS06E/NMC93CS26E/NMCI3CS46E | AC Test 1000 ns
NMC93CS06M/NMC93CS26M/NMCI3CS46M 1000

tor CStoDOin NMC93CS06/NMC93CS26/NMCO3CS46 CS =V 100

TRI-STATE® NMC93CS06E/NMC93CS26E/NMCO3CS46E | AC Test 200 ns

NMC93CS06M/NMC93CS26M/NMC93CS46M 200

twp Write Cycle Time 10 ms

Endurance Number of Typical
Data Qhanges 40,000 Cycles
per Bit

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 tgkH + tskL
must be greater than or equal to 1 microsecond. For example if tgk. = 250 ns then the minimum tgky = 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 tgky + tgki must be greater than or equal to 2 microseconds. For exampls, if gk = 500 ns then the minimum tsky = 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 (tcs) between consecutive instruction cycles.
Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (tcs) 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 C|_ = 100 pF
Symbol Test Typ | Max | Units Input Pulse Levels 0.4V to 2.4V
. Timing Measurement Reference Level
Cout Output Capacitance 5 pF Input 1V and 2V
Cin Input Capacitance 5 pF Output 0.8V and 2V
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Functional Description

The NMC93CS06, NMC93CS26, and NMC93CS46 have 10
instructions as described below. Note that the MSB of any
instruction is a "1 and is viewed as a start bit in the inter-
face 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 output
string. Output data changes are initiated by a low to high
transition of the SK clock. In the NONVOLATILE SHIFT-
REGISTER mode of operation, the memory automatically
cycles to the next register after each 16 data bits are
clocked out. The dummy-bit is suppressed in this mode and
a continuous string of data is obtained.

Wrlite Enable (WEN):

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

Write (WRITE):

"The Write (WRITE) instruction is followed by 16 bits of data
to be written into the specified address. After the last bit of
data (DO) is put on the data-in (DI) pin, CS must be brought
low before the next rising edge of the SK clock. This falling
edge of the CS initiates the self-timed programming cycle.
The PE pin MUST be held high while loading the WRITE
instruction, however, after loading the WRITE instruction the
PE pin becomes a “‘don’t care”. The DO pin indicates the
READY/BUSY status of the chip if CS is brought high after
a minimum of 250 ns {tcg). DO = logical 0 indicates that
programming is still in progress. DO = logical 1 indicates

that the register at the address specified in the instruction
has been written with the data pattern specified in the in-
struction and the part is ready for another instruction.

Write All (WRALL):

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

Write Disable (WDS):

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

Protect Reglister Read (PRREAD):

The Protect Register Read (PRREAD) instruction outputs
the address stored in the Protect Register on the DO pin.
The PRE pin MUST be held high while loading the instruc-
tion. Following the PRREAD instruction the 6-bit address
stored in the memory protect register is transferred to the
serial out shift register. As in the READ mode, a dummy bit
(logical 0) precedes the 6-bit address string.

Protect Register Enable (PREN):

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

Note that a PREN instruction must immediately precede a
PRCLEAR, PRWRITE, or PRDS instruction.

Instruction Set for the NMC93CS06, NMC93CS26 and NMC93CS46

Instruction | SB | Op Code | Address Data PRE | PE Comments

READ 1 10 A5-A0 0 X | Reads data stored in memory, starting at specified address.

WEN 1 00 11XXXX 0 1 | Write enable must precede all programming modss.

WRITE 1 01 A5-A0 | D15-DO 0 1 | Writes register if address is unprotected.

WRALL 1 00 01XXXX | D15-D0 0 1 | Writes all registers. Valid only when Protect Register is
cleared.

wWDS 1 00 00XXXX 0 Disables all programming instructions.

PRREAD 1 10 XXXXXX 1 X | Reads address stored in Protect Register.

PREN 1 00 11XXXX 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-A0 1 1 Programs address into Protect Register. Thereafter,
memory addresses 2 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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NMC93CS06/CS26/CS46

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 (PRDS):

The Protect Register Disable (PRDS) 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
PRDS instruction the PRE and PE pins become “don’t
care”.

Note that a PREN instruction must immediately precede a
PRDS instruction.

Synchronous Data Timing
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Timing Diagrams (Continued)

READ:
PRE = 0,PE = X
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*Address bit A5 becomes a “don’t care” for NMC93CS26 TL/D/9208-5
*Address bits A5 and A4 become *“don’t cares™ for NMC93CS06

1The memory automatically cycles to the next register.

WEN:
PRE = 0,D0 = TRI-STATE

PE

TL/D/9208-6
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NMC93CS06/CS26/CS46

Timing Diagrams (continued)

WwDS:
PRE = 0, PE = X, DO = TRI-STATE
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TL/D/9208-8
* Address bit A5 becomes a “don’t care” for NMC93CS26
© Address bits A5 and A4 become “‘don't cares” for NMC93CS06

3-26




Timing Diagrams (Continued)

WRALL*:
PRE =0

e | }}E}E}\

VAN 0.0 3 C

0o ‘ BUSY /" reany
L—- twp

*Protect Register MUST be cleared.

PRREAD:
PE = X

PRE

cs tes

TL/D/9208-9

g [ RKREK)

eAddress bit A5 becomes a “‘don’t care” for NMC93CS26
eAddress bits A5 and A4 become “don't cares” for NMC93CS06

TL/D/9208-10
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NMC93CS06/CS26/CS46

Timing Diagrams (Continued)

PREN*:
DO = TRI-STATE
PRE
PE
cs tes
—
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*A WEN cycle must precede a PREN cycle.

TL/D/9208-11

PRCLEAR*:
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*A PREN cycle must Immediately precede a PRCLEAR cycle. TL/D/9208-12
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Timing Diagrams (continued)
PRWRITET:
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S
TL/D/9208-13

*Address bit A5 becomes a “don’t care” for NMC93CS26
*Address bits A5 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*:

| | AMAMMMY
" AN

TL/D/9208-14
*ONE TIME ONLY instruction. A PREN cycle must Immediately precede a PRDS cycle.
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NMC9307

National .
Semiconductor

NMC9307 256-Bit Serial Electrically Erasable

Programmable Memory

General Description

The NMC8307 is a 256-bit non-volatile sequential access
memory fabricated using advanced floating gate N-channel
E2PROM technology. Itis a peripheral memory designed for
data storage and/or timing and is accessed via the simple
MICROWIRET™ 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.

Features

W 40,000 erase/write cycles

® 10 year data retention

m Low cost

m Single supply operation (5V+10%)
u TTL compatible

® 16X 16 serial read/write memory
m MICROWIRE compatible serial 1/0
® Compatible with COP400 processors
B Low standby power

m Non-volatile erase and write

m Reliable floating gate technology

Block and Connection Diagrams

wp  fe—vee

VPP

EZPROM

Dual-In-Line Package (N)

DECODER
116

#

256 BITS
(18x16)

i

i)

ADDRESS
LATCHES

R/W AMPS

Y
4

3

DATA
REGISTER
(1T BITS} CLK

€

INSTRUCTION
REGISTER (LK
(3 BITS)

9
A 4

INSTRUCTION
DECODE,
CONTROL
AND
CLOCK

cs—1 U 8 p=—veC
sw—i2 7 p—NC
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Top View

See NS Package Number NOSBE

Top View

SO Package (M)
N1 - NC
,{}—on s v
k=43 12 fmNC
NC—f 4 1t f—ne
Diwd & 10— gPE
00 —{ & 9 |=-GND
NC—7 L} b= nC

TL/D/9204-3

See NS Package Number M14B
Note: Contact factory for SO8 availability.

Pin Names
CS Chip Select
TL/D/9204-1 K Serial Data Clock
DI Serial Data Input
DO Serial Data Output
Vee Power Supply
GND  Ground
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Absolute Maximum Ratings
It Military/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales Office/
Distributors for availability and specifications.
Voltage Relative to GND +6Vto —0.3V
Ambient Operating Temperature
NMC9307
NMC9307E

Ambient Storage Temperature

0°Cto +70°C
—40°Cto +85°C

—65°Cto +125°C

Electrical Characteristics

Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating 2000V

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.

Parameter Conditions Part No Min Max Units
Operating Voltage (Vo) 4.5 5.5 \
Operating Current (Icc1) Vec=5.5V,CS=1 9307 10 mA
9307E 12
Standby Current (Icc2) Vce=5.5V,CS=0 9307 3 mA
9307E
Input Voltage Levels
Vi -0.1 0.8 \
Vi 2.0 Voot v
Output Voltage Levels .
VoL loL=2.1 mA 0.4 Vv
VoH lon= —400 pA 24 \"
Input Leakage Current VIN=5.5V 10 pA
Input Leakage Current Vin=0to 5.5V
PiNS1,2,3 $10 RA
PING 150 pA
Output Leakage Current Vour=5.5V,CS=0 10 rA
SK Frequency 0 250 kHz
SK HIGH TIME tgkH (Note 2) 1 us
SK LOW TIME tgk (Note 2) 1 s
Input Set-Up and Hold Times
CS tcss 0.2 Mus
tcsH Y us
DI tois 0.4 Hs
toiH 0.4 us
Output Delay CL=100pF
DO tPD1 VoL=0.8V,Voy=2.0V 2 us
trpo ViL=0.45V, V|py=2.40V 2 us
Erase/Write Pulse Width (tg,w) (Note 1) 10 30 ms
CS Low Time (tgg) (Note 3) 1 us
Endurance Number of Data )
Changes per Bit 40,000 Typical

Note 1: tg/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 us, therefore in an SK clock cycls, tsky + tski must be greater than or equal to 4 us.
e.g. if tgk. = 1us then the minimum tgky = 3 ps in order to meet the SK frequency specification.

Note 3: CS must be brought low for a minimum of 1 us (tcs) between consecutive instruction cycles.
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NMC9307

Instruction Set

Instruction | SB | Op Code Address Data Comments

READ 0,1 10xx A3A2A1A0 Read register ABA2A1A0
WRITE 0,1 01xx A3A2A1A0 | D15—DO0 | Write register ABA2A1A0
ERASE 0,1 11xx A3A2A1A0 Erase register ABA2A1A0
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 D15—D0 | 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 8 bits carry the op code and the 4-bit address for 1 of 16, 16-bit registers.

Xis a don't care state.

Functional Description

The NMC9307 is a small peripheral memory intended for
use with COPST™ 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 instructions 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 (Vcc). 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 1s) before the register can be written (certain bits
set to 0s). 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 1s. When the erase/write
programming time (tg,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 V|, 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 Vy, 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 V|, 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 (tg/w).
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Timing Diagrams
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Synchronous Data Timing
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*This is the minimum SK period
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NMC9307
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Instruction Timing
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Instruction Timing (Continued)
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NMC9313B

National
Semiconductor

NMC9313B 256-Bit Serial Electrically Erasable

Programmable Memory

General Description

The NMC9313B 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
MICROWIRE™ 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 NMC9313B
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.

Features

m Low cost

| Single supply operation (5V +10%)
W TTL compatible

m 16X 16 serial read/write memory

m MICROWIRE compatible serial 110
m Compatible with COP400 processors
 Low standby power

m Non-volatile erase and write

m Reliable floating gate technology

Block and Connection Diagrams

Dual-In-Line Package (N)

cs—q1 (9 8 —vce
vp  [EVCC
o] GENERATOR | O e
VPP
Di—i3 6 j=—NC
A
—> E’PROM
oecooer |52 256 BITS DO~ 4 5 p—GND
116 {16 16)
TL/D/9145-2
I 3 I 16 Top View
Order Number NMC9313B
See NS Package Number NOSE
AooRess RIW ANPS 9
'y Pin Names
4 $5 CS Chip Select
SK Serial Data Clock
. ngg:m < J\- w DI Serial Data Input
(7ems) oLk« W DO Serial Data Output
o Vee Power Supply
GND  Ground
L]  INSTRUCTION 2
REGISTER (LK
—>} (9 BITS)
b
INSTRUCTION
DECODE,
CONTROL
AND
cs - CLOCK
| GENERATORS
K -

TL/D/9145-1
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Absolute Maximum Ratings

gE1E60NN

If Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 seconds) 300°C
contact the National Semiconductor Sales Office/ ESD Rating 2000V
Distributors 'for avallability 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

NMC9313B/COP494 0°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 Data Retention —65°Cto +125°C implied. Exposure to absolute maximum rating conditions

for extended periods may affect device reliability.

Electrical Characteristics o.c <7a< 70°c, Vco=5V  10% unless otherwise specified

Parameter Conditions Min Typ Max Units
Operating Voltage (Vcc) 45 5.5 \
Operating Current (Icc1) Vcc=5.5V,CS=1 15 mA
Standby Current (Icca) Vcc=5.5V,CS=0 5 mA
Input Voltage Levels
viL -0.1 0.8 \
VIH 2.0 Vee + 0.5 \
Output Voltage Levels
Vor loL=2.1mA 0.4 \
VoH loH= —400 pA 24 \
Input Leakage Current ViN=5.5V 10 pA
Qutput Leakage Current Voutr=5.5V,CS=0 10 kA
SK Frequency 0 200 kHz
SK HIGH TIME tgky (Note 2) 3 s
SK LOW TIME tgk (Note 2) 2 ps
Input Set-Up and Hold Times
cs tcss 0.2 s
tosH 0 us
DI tois 0.4 us
toiH 0.4 us
Output Delay CL=100 pF
bo tPD1 VoL=0.8V, Voy=2.0V 2 s
trpo V|L=0.45V, V|y=2.40V 2 us
Erase/Write Pulse Width (tg/w) (Note 1) 10 30 ms
CS Low Time (tcs) (Note 3) 1 us

Note 1: tg,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 w8, therefore in an SK clock cycle, tsky + tgkL must be greater than or equal to 5 us.
e.9. it tskr. = 2 us then the minimum tgky = 3 us in order to meet the SK frequency specification.

Note 3: CS must be brought low for a minimum of 1 us (tcs) between consecutive instruction cycles.

Instruction Set

Instruction | SB | Op Code Address Data Comments

READ 01 10xx A3A2A1A0 Read register ABA2A1A0
WRITE 01 01xx A3A2A1A0 | D15—-D0 | Write register ABA2A1AQ
ERASE 01 11xx A3A2A1A0 Erase register ABA2A1A0
EWEN 01 0011 XXXX Erase/write enable
EWDS 01 0000 XXXX Erase/write disable
ERAL 01 0010 XXX Erase all registers

WRAL 01 0001 XXXX D15—D0 | Write all registers

NMC9313B 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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NMC9313B

Functional Description

The NMC9313B 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-voitage generator al-
lows the user to use a single power supply (Vcc). 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 0s). 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 1s. When the erase/write
programming time (tg,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 modes,
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 Vi, 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),
8K 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 (tg,w).
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Synchronous Data Timing
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National
Semiconductor

NMC9346 1024-Bit Serial Electrically Erasable
Programmable Memory

9YE6ONN

General Description Features
The NMC9346 is a 1024-bit non-volatile, sequential ™ 40,000 erase/write cycles typical
E2PROM, fabricated using advanced N-channel E2PROM  m 10 year data retention
technology. It is an external memory with the 1024 bits of m Low cost
read/write memory divided into 64 registers of 16 bits each. @ Single supply read/write/erase operations (5V £ 10%)
Each register can be serially read or written by a COP400 g 7L compatible
gont.roller, or.a standgrd mlcroproce§sor. Written informa- m 64 x 16 serial read/write memory
tion is stored in a floating gate cell until updated by an erase . X
and write cycle. The NMC9346 has been designed for appli- . M_ICROYVIRETN! compatible serial 1/0
cations requiring up to 4 x 104 erase/write cycles per regis- W Simple interfacing
ter. A power-down mode is provided by CS to reduce power @ Low standby power
consumption by 75 percent. m Non-volatile erase and write
m Reliable floating gate technology
m Self-timed programming cycle
m Device status signal during programming

Block Diagram

—d w |
Ve /e ceNgraToR ¢

vie Vop

A 4 A

- EPROM
"Ef,“&“ # 1024 BITS
— (64x16)

1. 3

Bu’;",g,,s R/W AMPS Pin Names
y cs Chip Select
r‘ Ia SK Serial Data Clock
DI Serial Data Input
— DO Serial Data Output
r nArl/‘«;‘ :ﬁug)r:n P =l‘>—' oo Vco Power Supply
o 2 GND Ground
b NC No Connection

INSTRUCTION
REGISTER ZLK
(9 BITS)

¥

INSTRUCTION
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CONTROL,
AND CLOCK
GENERATOR

o
»

SK

TL/D/9205-1
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NMC9346

Connection Diagrams

8-Pin

Dual-In-Line Package (N) SO Package (M) SO Package (M8)

st o e Y cs=f1 / gf=vcc

sk—|2 4 H— S b N il Sk 2 7 =N
sk—{3 12 NG

ot e w4 s1hene Dl=—t3 6= NC
oi=—{5 10 }—nc D0 — 4 5 |=GND

00—44 5 p—GND D0~ 6 9 == GND TL/D/9205-7
Ne—7 8l—ne Top View

Top View TL/D/9205-2 See NS Package Number MOSA
See NS P P TL/D/9205-3 Device Marking: 9346,
ee ackage Number NOSE Top View 9346E, 9346M

See NS Package Number M14B
Device Marking: 9346M14
9346EM14, 9346MM 14

Ordering Information

Commercial Temp. Range
(0°C to +70°C)

Extended Temp. Range
(—40°C to +85°C)

Military Temp. Range ~
(—55°C to +125°C)

Order Number Order Number Order Number
NMC9346N NMC9346EN NMC9346MN
NMC9346M NMC9346EM NMC9346MM

NMC9346M8 NMC9346EM8 NMC9346MM8

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

Operating Conditions
Ambient Storage Temperatures

contact the National Semiconductor Sales Office/ NMC9346 0°Cto +70°C
Distributors for avallability and specifications. NMC9346E —40°Cto +85°C
Voltage Relative to GND +6V to —0.3V NMCe346M —56°Cto +125°C
Ambient Storage Temperature —65°Cto +125°C Positive Supply Voltage 45V 5.5V
Lead Temperature
(Soldering, 10 seconds) 300°C
ESD rating. 2000V
DC and AC Electrical Characteristics v = 5v +10% unless otherwise specified
Symbol Parameter Part Number Conditions Min | Max | Units
Vee Operating Voltage NMC9346, NMC9346E 45 55 v
NMC9346M ’ ’
I Operating Current NMC9346 Vec=5.5V,CS=1, SK=1 12 mA
cC1 Erase/Write Operating Current Vec=5.5V 12 mA
Operating Current NMC9346E Vec=5.5V,CS=1, SK=1 14 mA
Erase/Write Operating Current Vec=5.5V 14 mA
Operating Current NMC9346M Vec=5.5V,CS=1,8K=1 15 mA
Erase/Write Operating Current Vee=5.5V 15 mA




=z
. [T =
DC and AC Electrical Characteristics Vo = 5V +10% unless otherwise specified (Continued) 9]
[1=]
Symbol Parameter Part Number Conditlons Min Max Units ﬁ
=]
lccz Standby Current NMC9346 Vec=5.5V,CS8=0 mA
Standby Current NMC9346E Vec=5.5V,CS=0 mA
Standby Current NMC9346M* Vec=5.5V,CS=0 5 mA
Input Voltage Levels NMC9346, NMC9346E,
ViL NMC9346M -0.1 0.8 v
VIH 20 | Veeotit \
Output Voltage Levels NMC9346, NMC9346E,
VoL NMC9346M loL=2.1 mA 0.4 v
VoH loy= —400 pA 2.4 \
I Input Leakage Current NMC9346, NMC9346E, | ViN=5.5V 10 nA
NMC9346M
Lo Output Leakage Current NMC9346, NMC9346E, | VoyTr=5.5V,CS=0 10 pA
NMC9346M
SK Frequency MMC9346 0 250 kHz
tsKH SK High Time (Note 2) 1 us
tskL SK Low Time (Note 2) 1 us
SK Frequency MMC9346E 0 kHz
SK High Time (Note 2) 1 250 s
SK Low Time (Note 2) 1 us
SK Frequency MMC9346M 0 kHz
SK High Time (Note 2) 2 200 us
SK Low Time (Note 2) . 1 us
Inputs NMC9346, NMC9346E,
tcss CS NMC9346M 0.2 us
tcsH 0 us
tois DI 0.4 us
toH 0.4 us
Output NMC9346, C_=100pF
tpal DO NMCS9346E, VorL=0.8V, Voy=2.0V 2 us
tde NMC9346M Vi =0.45V, V|y=2.40V 2 us
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 s
NMC9346M w
tsv Rising Edge of CS to Status Valid NMC9346, NMC9346E, | C =100 pF 1 s
NMC9346M s
ton. iy | Falling Edge of CS to DO TRI-STATE® | NMC9346, NMC9346E, 0.4 s
NMC9346M ' ¥
Endurance NMC9346, NMC9346E, | Data Changes Typical Cycles
NMC9346M per Bit 40,000 4
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 us, therefore in an SK clock cycle tgky + tgk must be greater than or equal to 4 us.
e.g., if tgkr = 1 ps then the minimum tsky = 3 ps in order to meet the SK frequency specification.
Note 3: CS must be brought low for a minimum of 1 ps (tcs) between consecutive instruction cycles.
*Thruout this table “M” refers to temperature range (—55°C to + 125°C), not package.
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NMC9346

Functional Description

The NMC9346 is a small peripheral memory intended for
use with COPS™ 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 (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 (Vcg). It only generates
high voltage during the programming modes (write, erase,
chip erase, chip write) to prevent spurious programming dur-
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 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 Vg 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 Vg is removed from the part. The
programming enable instruction (EWEN) is needed to keep
the part in the enable state if the power supply (Vgc) noise
falls below operating range. The programming disable in-
struction 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 E2PROMSs, the register must first be erased (all
bits set to logical *1') before the register can be written (cer-

Instruction Set for NMC9346

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 tcg 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
(DO) is put on the data in (DI) 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 uS (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-timed programming cycle and status check.

Instruction | SB | Op Code Address Data Comments

READ 1 10 A5A4A3A2A1A0 Read Register ASA4A3A2A1A0
WRITE 1 01 A5A4A3A2A1A0 | D15-D0 | Write Register ASA4A3A2A1A0
ERASE 1 11 AS5A4A3A2A1A0 Erase Register ASA4A3A2A1A0
EWEN 1 00 11500xx Erase/Write Enable

EWDS 1 00 00000 Erase/Write Disable

ERAL 1 00 103xxxx Erase All Registers

WRAL 1 00 01xxxx D15~D0 | 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 €4, 16-bit registers.
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Timing Diagrams
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NMC9314B

National
Semiconductor

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.

Features

m 10,000 erase/write cycles

| 10 year data retention

m Low cost

m Single supply read/write/erase operations (5V +10%)
B TTL compatible

64 x 16 serial read/write memory
MICROWIRE™ compatible serial I/0
Simple interfacing

Low standby power

Non-volatile erase and write

Reliable floating gate technology
Self-timed programming cycle

Device status signal during programming

Block and Connection Diagrams

Dual-In-Line Package (N)

“5
16

DATA REGISTER _

cs—1 (9 8 f—vcc
a—— L
N i GENERATOR sk—2 ] —"
ir fv-n
| ! n—3 6 p—Ne
A
N I | EZPROM
»> ns'c/oatn 1024 81%s so—]4 s f—onp
—p (64x16)
TL/D/9144-2
T ||s Top View
12 Order Number NMC9314N
ADD See NS Package NOSE
BUFFERS awawes |
N Pin Names

CS Chip Select
SK Serial Data Clock

(17 8ITS)

1

INSTRUCTION
REGISTER LK
{9 BITS) 2

¥

INSTRUCTION
DECODE,

CONTROL,

DI Serial Data Input

:{}—m DO Serial Data Output
Vee Power Supply
GND  Ground

NC Not Connected

AND CLOCK

cs GENERATOR

SK

TL/D/9144-1
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Absolute Maximum Ratings ote 1)

If Military/Aerospace specified devices are required, Ambient Storage Temp. —-65°Cto +125°C
contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 seconds) 300°C
Distributors for availability and specifications. ESD Rating > 2000V
Voltage Relative to GND +6Vto —0.3V
Ambient Operating Temperature 0°Cto +70°C

DC and AC Electrical Characteristics ccc<T,<70°C, Voo =5V +10% unless specified

Symbol Parameter Conditions Min Max Units
Vee Operating Voltage 4.5 55 \
| Operating Current Vec=5.5V,CS=1,SK=1 17 mA
CC1 Erase/Write Operating Current Veo=5.5V 17 mA
lece Standby Current Vcc=5.5V,CS=0 5 mA
Input Voltage Levels
ViL -0.1 0.8 v
ViH 20 Vce+0.5 \
Output Voltage Levels
VoL loL=2.1 mA 0.4 \
VoH loy= —400 pA 2.4 \
I Input Leakage Current ViN=5.5V 10 RA
ILo Output Leakage Current Voutr=5.5V,CS=0 10 RA
SK Frequency 0 200 kHz
tSKH SK High Time (Note 2) 3 us
tskL SK Low Time (Note 2) 2 us
Inputs
tcss cs 0.2 s
tcsH 0 us
tois DI 0.4 us
toH 0.4 us
Output CL=100 pF
tpdl DO VoL =0.8V, Voy=2.0V 2 us
tpd0 ViL=0.45V, Vig=2.40V 2 s
te/w Self-Timed Program Cycle 15 ms
tcs Min CS Low Time (Note 3) 1 us
tsv Rising Edge of CS to Status Valid CL=100pF 1 us
toH, tin Falling Edge of CS to DO TRI-STATE® 0.4 ps

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 ps, therefore in an SK clock cycle tskn + tskL must be greater than or equal to 5 ps.
e.g., if tgk( = 2 ps then the minimum tsky = 3 ps in order to meet the SK frequency specification.

Note 3: CS must be brought low for a minimum of 1 ps (tcs) between consecutive instruction cycles.

Instruction Set for NMC9314B

Instruction | SB | Op Code Address Data Comments

READ 1 10 ASA4A3A2A1A0 Read register ASA4A3A2A1A0
WRITE 1 01 A5A4A3A2A1A0 | D15-D0 | Write register AGA4A3A2A1A0
ERASE 1 11 A5A4A3A2A1A0 Erase register ASA4A3A2A1A0
EWEN 1 00 11xxxx Erase/write enable

EWDS 1 00 00xxxx Erase/write disable

ERAL 1 00 10xxxx Erase all registers

WRAL 1 00 01xxxx D15-D0 | 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.

3-49

av1E60NN




NMC9314B

Functional Description

The NMC9314B is a small peripheral memory intended for
use with COPS™ 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 (Vo). 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 Vg 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 Vg 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 tcg 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 (DI) 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 puS (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-
timed programming cycle and status check.

Synchronous Data Timing
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National
Semiconductor

NMC93C56/C66 2048-Bit/4096-Bit Serial
Electrically Erasable Programmable Memories

General Description

The NMC93C56/NMC93C66 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 (DI) 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 MICROWIRET™ 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 logical 1's.

Compatibility with Other Devices
These memories are pin compatible to National Semicon-
ductor's NMOS EEPROMSs, 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

m Typical active current 400 pA; Typical standby current
25 pA

| Reliable CMOS floating gate technology

m 5V only operation in all modes

m MICROWIRE compatible serial 1/0

| Self-timed programming cycle

m Device status signal during programming mode

m Sequential register read

m Over 10 years data retention

m Typical 40,000 writes

Block Diagram
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NMC93C56/NMC93C66

Connection Diagrams

Dual-In-Line Package (N)

./
cs=—{1 8=V
SK~42 7=NC
D=3 6=NC
DO—14 51—GND
TL/D/9617-2
Top View

See NS Package Number NOSE

Ordering Information

Pin Names
CcS Chip Select
SK Serial Data Clock
DI Serial Data Input
DO Serial Data Output
GND Ground
Vee Power Supply

Commercial Temp. Range (0°C to + 70°C)

Order Number

NMC93C56N/NMC93CE6N

NMC93C56M/NMC93C6EM

Extended Temp. Range (—40°C to +85°C)

Order Number

NMC93C56EN/NMC93CE6EN

NMC93C56EM/NMC93C66EM

Military Temp. Range (—55°C to -+ 125°C)

Order Number

NMC93C56MN/NMC93C66MN

NMC93C56MM/NMC93Ce6MM

- 80 Package (M)

\J

Top View
See NS Package Number M14A

TL/D/9617-3
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Absolute Maximum Ratings (Nots 1) Operating Conditions o
It Military/Aerospace specified devices are required, Ambient Operating Temperature 8
contact the Natlonal Semiconductor Sales Office/ NMC93C56/NMC93C66 0°Cto +10°C 9'
Distributors for avallabllity and specifications. NMC93C56E/NMC93C66E —40°C to +85°C @
Ambient Operating Temperature —65°Cto +150°C NMGS3C56M/NMCS3CEEM . , =z
All Input or Output Voltages +6.5V to —0.3V (Mil. Temp.) —55°Cto +125°C %
with Respect to Ground Positive Power Supply 4.5V to 6.5V @
Lead Temp. (Soldering, 10 sac.) +300°C 8
ESD Rating 2000V a
DC and AC Electrical Characteristics Vee = 5V +£10% (unless otherwise specified)
Symbol Parameter Part Number Conditions Min Max Units
Icot Operating Current NMC93C56/NMC93C66 CS = V|, SK = 1 MHz 2
CMOS Input Levels NMC93C56E/NMC93C66E SK = 0.5 MHz 2 mA
NMC93C56M/NMC93C66M* | SK = 0.5 MHz 2
lcca Operating Current NMC93C56/NMC93C66 CS = Vi, SK = 1 MHz 3
TTL Input Levels NMC93C56E/NMC93C66E SK = 0.5 MHz 3 mA
NMC93C56M/NMC93C66M SK = 0.5 MHz 4
lcca Standby Current NMC93C56/NMC93C66 CS = oV 50
NMC93C56E/NMC93C66E 100 pA
NMC93C56M/NMC93C66M 100
M Input Leakage NMC93C56/NMC33C66 VIN = 0VtoVee —-25 2.5 A
NMC93CS6E/NMC93CE6E -10 10 H A
NMC93C56M/NMC93C66M -10 10 P
loL Output Leakage NMC93C56/NMC93C66 ViN = OVtoVee —-25 2.5 A
NMC93C56E/NMC93C66E -10 10 P’ A
NMC93C56M/NMCI3C66M -10 10 s
ViL Input Low Voltage —-0.1 0.8 v
ViH Input High Voltage 2 Vee + 1 \
VoLi Output Low Voltage loL = 2.1mA 0.4 v
VOoH1 Output High Voltage loH = —400 nA 24 v
VoL2 Output Low Voltage loL = 10 pA 0.2 v
VoHz2 Output High Voltage loH = —10 pA Vee — 0.2 v
fsk SK Clock Frequency | NMC93C56/NMC93C66 1] 1
NMC93C56E/NMC93C66E 0 0.5 MHz
NMC93C56M/NMC93C66M 0 0.5
tskH SK High Time NMC93C56/NMC93C66 (Note 2) 250
NMC93C56E/NMC93C66E (Note 3) 500 ns
NMC93C56M/NMC93C66M (Note 3) 500
tskL SK Low Time NMC93C56/NMC93C66 (Note 2) 250
NMC93C56E/NMC93C66E (Note 3) 500 ns
NMC93C56M/NMC93C66M (Note 3) 500
tcs Minimum CS NMC93C56/NMC93C66 (Note 4) 250 \
Low Time NMC93C56E/NMC93C66E (Note 5) 500 ns
NMC93C56M/NMC93C66M (Note 5) 500
tcss CS Setup Time NMC93C56/NMC93C66 Relative to SK 50
NMC93C56E/NMC33C66E 100 ns
NMC93C56M/NMC93C66M 100
*Note: Throughout this table “M" refers to temperature range (—55°C to +125°C), not package type.

3-55



NMC93C56/NMC93C66

DC and AC Electrical Characteristics Vce = 5V +10% (unless otherwise specified) (Continued)

Symbol Parameter Part Number Conditions Min Max Units

tpis D! Setup Time NMC93C56/NMC93C66 Relativeto SK 100
NMC93C56E/NMC93C66E 200 ns
NMC93C56M/NMC93C66M 200

tcsH CS Hold Time - Relative to SK o] ns

toiH DI Hold Time NMC93C56/NMC93C66 Relative to SK 100
NMC93C56E/NMC93C66E 200 ns
NMC93C56M/NMC93C66M 200

tpD1 Output Delay to “1” NMC93C56/NMC93C66 AC Test 500
NMC93C56E/NMC93C66E 1000 ns
NMC93C56M/NMC93C66M 1000

tpDo Output Delay to “0” NMC93C56/NMC93C66 AC Test 500
NMC93C56E/NMC93C66E 1000 ns
NMC93C56M/NMC93C66M 1000

tsv CS to Status Valid NMC93C56/NMC93C66 AC Test 500
NMC93C56E/NMCS3C66E 1000 ns
NMC93C56M/NMC93C66M 1000

tor CStoDOin NMC93C56/NMC93C66 AC Test 100

TRI-STATE® NMC93C56E/NMC9I3C66E CS =V 200 ns

NMC93C56M/NMC93C66M 200

twp Write Cycle Time 10 ms

Endurance Number of Data Typical Cycles
Changes per Bit 40,000 4

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 ps, therefore in an SK clock cycle tgky + tskL must be
greater than or equat to 1 ps. For example if tgk = 250 ns then the minimum tgky = 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 us, therefore in an SK clock cycle
tskH + tgkL must be greater than or equal to 2 us. For example, if the tgk. = 500 ns then the minimum tgky = 1.5 ps in order to meet the SK frequency
specification.

Note 4: For Commercial parts CS must be brought low for a minimum of 250 ns (tcg) between consecutive instruction cycles.

Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (tcs) between consecutive instruction cycles.

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

Capacitance (ote6) AC Test Conditions

Ta =25°Ct=1MHz Output Load 1TTL Gate and C_ = 100 pF
Symbol Test Typ | Max | Units Input Pulse Levels 0.4Vto 2.4V

i Timing Measurement Reference Level
Cout Output Capacitance 5 pF InpSt 1V and 2V
CiN Input Capacitance 5 pF Output 0.8V and 2V

3-56




Functional Description

The NMC93C56 and NMC93C66 have 7 instructions as de-
scribed below. Note that the MSB of any instructionis 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 V¢ 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 Voo
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 (icg).
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 (D) 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 (tcs). DO = logical
0 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 (icg).

Write All (WRALY):

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 (tcs)-

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 SB Op Code Address Data Comments
READ 1 10 A7-A0 Reads data stored in memory, starting at specified address.
EWEN 1 00 11XXXXXX Write enable must precede all programming modes.
ERASE 1 11 A7-A0 Erase register A7ABASA4A3A2A1A0.
ERAL 1 00 TOXXXXXX Erases all registers.
WRITE 1 o1 A7-A0 D15-D0 Writes register if address is unprotected.
WRAL 1 00 01XXXXXX D15-D0 Writes all registers. Valid only when Protect Register
is cleared.
EWDS 1 00 OOXXXXXX Disables all programming instructions.

3-57

990€60WN/9SIE60NN




NMC93C56/NMC93C66

Timing Diagrams

Synchronous Data Timing
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*This is the minimum SK period {Note 2).
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*Address bit A7 becomes a “‘don’t care” for NMC93C56.
*The memory automatically cycles to the next register.
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Timing Diagrams (Continued)
EWDS:

=/ o\
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WRITE:
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*Address bit A7 becomes a “don’t care” for NMC93C56.
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NMC93C56/NMC93C66

Timing Diagrams (continued)
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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 & (program enable) is held “high”. If
the address of the register to be written is less than the ad-

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

m Write protection in user defined section of memory

m Typical active current 400 pA; Typical standby current
25 pA

m Reliable CMOS floating gate technology

| 5 volt only operation in all modes

m MICROWIRE compatible serial /0

= Self-timed programming cycle

m Device status signal during programming mode

m Sequential register read

m Over 10 years data retention

| 40,000 write cycles typical

Block Diagram

cs »{  INSTRUCTION Ve
SK » DECODER,  |g————m—— PRE
pl—ep] INSTRUCTION CONTROL LOSC. L PE
' "| REGISTER
GENERATORS.
8 l "'| ADDRESS COMPARE S A
AND HIGH VOLTAGE
ADDRESS PROTECT J| WRTEENABLE |—P] GENERATOR
REGISTER REGISTER EN AND
PROGRAM
TIMER
r Vep
A
EEPROM ARRAY
1 025?225"256 »| 2048/ 4096 BITS
(128/256 x 16)
Vg5
DATA IN/ OUT REGISTER DUMMY
” 16 BITS g S '—I
< DATA OUT |
DO < BUFFER |¢

TL/D/9209-3

3-61

99SJ€6INN/9GSIEE6INN




NMC93CS56/NMC93CS66

Connection Diagrams

PIN OUT:
Dual-In-Line Package (N)
\/

Ccs—1 8 -Vcc
Sk—12 7§—PRE
DI—3 6—PE
00—44 5p—GND

TL/D/9209~-1
Top View

See NS Package Number NOSE

Ordering Information

cs
SK
DI
DO
GND
PE
PRE

Vce

Commercial Temp. Range (0°C to +70°C)

Pin Names

Chip Select

Serial Data Clock

Serial Data Input

Serial Data Output
Ground

Program Enable
Protect Register Enable
Power Supply

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

PIN OUT:
SO Package (M)
-/
NC—|t 14}=NC
cs—2 13f=Vee
SK=—13 12}—PRE
NC—]4 11j—=NC
DI—15 10f—PE
DO—16 9}—GND
NC—7 8=NC
TL/D/9209-2
Top View

See NS Package Number M14A
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. . . ae =
Absolute Maximum Ratings (Note 1) Operating Conditions o
If Military/Aerospace specified devices are required, Ambient Operating Temperature 8
contact the National Semiconductor Sales Office/ NMC93CS56/MNC93CS66 0°Cto +70°C 8
Distributors for availability and specifications. NMC93CS56E/NMCO3CS66E —40°Cto +85°C o
Ambient Operating Temperature ~65°Cto +150°C NMC93C856M/NMC93CS66M . . =
All Input or Output Voltages +6.5Vto —0.3V _(.M'I' Temp.) ~55°Cto +125°C é
with Respect to Ground Positive Power Supply 4.5V t05.5v o
Lead Temp. (Soldering, 10 sec.) +300°C 8
ESD rating 2000V ]
<1
. P D
DC and AC Electrical Characteristics v¢c = 5v +10% (unless otherwise specified)
Symbol Parameter Part Number Conditions Min Max Units
Icct Operating Current NMC93CS56/NMC93CS66 CS = Vi, SK = 1 MHz 2
CMOS Input Levels | NMC93CS56E/NMC93CS66E SK = 0.5 MHz 2 mA
NMC93CS56M/NMC93CS66M* | SK = 0.5 MHz 2
lcc2 Operating Current NMC93CS56/NMC93CS66 CS = V|4, SK = 1 MHz 3
TTL Input Levels NMC93CS56E/NMC93CS66E SK = 0.5 MHz 3 mA
NMC93CS56M/NMC93CS66M | SK = 0.5 MHz 4
lcca Standby Current NMC93CS56/NMC93CS66 CS = ov 50
NMC93CS56E/NMC93CS66E 100 pA
NMC93CS56M/NMCI3CS66M 100
I Input Leakage NMC93CS56/NMC93CS66 VIN = 0Vto Vo —-2.5 2.5 A
NMC93CS56E/NMC93CS66E -10 10 I A
NMC93CS56M/NMC93CS66M -10 10 B
loL Output Leakage NMC93CS56/NMC93CS66 Vout = 0V to Ve —-25 2.5 A
NMC93CS56E/NMCI3CSE6E -10 10 i A
NMC93CS56M/NMC93CSe6M -10 10 s
ViL Input Low Voltage —0.1 0.8 \
ViH Input High Voltage 2 Vee + 1 \"
Vou1 Output Low Voltage loL = 2.1 mA 0.4 Vv
VoH1 Output High Voltage loq = —400 pA 2.4 v
VoL2 Output Low Voltage loL = 10 1A 0.2 \
VoHz Output High Voltage lor = =10 pA Ve — 0.2 \"
fsk SK Clock Frequency | NMC93CS56/NMC93CS66 0 1
NMC93CS56E/NMC93CS66E 0 0.5 MHz
NMC93CS56M/NMC93CS66M 0 0.5
tskH SK High Time NMC93CS56/NMC93CS66 (Nots 2) 250
NMC93CS56E/NMC93CS66E (Note 3) 500 ns
NMC93CS56M/NMC93CS66M (Note 3) 500
tsKL SK Low Time NMC93CS56/NMC93CS66 (Note 2) 250
NMC93CS56E/NMC93CS66E (Note 3) 500 ns
NMC93CS56M/NMC93CS66M (Note 3) 500
tcs Minimum CS NMC93CS56/NMC93CS66 (Note 4) 250
Low Time NMC93CS56E/NMC93CS66E (Note 5) 500 ns
NMC93CS56M/NMC93CS66M (Note 5) 500
tcss CS Setup Time NMC93CS56/NMC93CS66 Relative to SK 50
NMC93CS56E/NMC93CS66E 100 ns
NMC93CS56M/NMC93CS66M 100
tPRES PRE Setup Time NMC93CS56/NMC93CS66 Relative to SK 50
NMC93CS56E/NMC93CS66E 100 ns
NMC93CS56M/NMC93CS66M 100
*Thruout this table “M" refers to temperature range (—55°C to + 125°C) not package.
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NMC93CS56/NMC93CS66

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

tpis DI Setup Time NMC93CS56/NMC93CS66 Relative to SK 100
NMC93CS56E/NMC93CS66E 200 ns
NMC93CS56M/NMC9O3CS66M 200

tcsH CS Hold Time Relative to SK 0 ns

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

tPREH PRE Hold Time Relative to SK 0 ns

tDIH D! Hold Time NMC93CS56/NMC93CS66 Relative to SK 100
NMC93CS56E/NMC9I3CS66E 200 ns
NMC93CS56M/NMC93CS66M 200

tPD1 Output Delay to ““1” NMC93CS56/NMC9I3CS66 AC Test 500
NMC93CS56E/NMC93CS66E 1000 ns
NMC93CS56M/NMC93CS66M 1000

tPDO Output Delay to “0” NMC93CS56/NMC93CS66 AC Test 500
NMCZ3CS56E/NMC93CS66E 1000 ns
NMC93CS56M/NMC93CS66M 1000

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

tor CStoDOin NMC93CS56/NMC93CS66 AC Test 100

TRI-STATE® NMC93CS56E/NMC93CS66E CS=V|L 200 ns

NMC93CS56M/NMC93CS66M 200

twp Write Cycle Time 10 ms

Endurance ‘Number of Data Typical ovcles
ChangesperBit. | 40,000 4

Note 1: Stress above those listed under *“Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functionat
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 tgskH + tgki
must be greater than or equal to 1 microsecond. For example if tgkL. = 250 ns then the minimum tgky = 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 tgky + tgkL must be greater than or equal to 2 microseconds. For example, if tgki. = 500 ns then the minimum tgky = 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 (tcg) between consecutive instruction cycles. X
Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (tcg) beh consecutive il ion 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 C_ = 100 pF
Symbol Test Typ | Max | Units Input Pulse Levels 0.4V to 2.4V
K Timing Measurement Reference Level
Cout Output Capacitance 5 pF Input 1V and 2V
CiN Input Capacitance 5 pF Output 0.8V and 2V
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Functional Description

The NMC93CS56 and NMC93CS66 have 10 instructions as
described below. Note that the MSB of any instruction is a
“1” and is viewed as a start bit in the interface sequence.
The next 10-bits carry the op code and the 8-bit address for
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 O) precedes the 16-bit data output
string. Output data changes are initiated by a low to high
transition of the SK clock. In the NONVOLATILE SHIFT-
REGISTER mode of operation, the memory automatically
cycles to the next register after each 16 data bits are
clocked out. The dummy-bit is suppressed in this mode and
a continuous string of data is obtained.

Write Enable (WEN):

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

Write (WRITE):

The Write (WRITE) instruction is followed by 16 bits of data
to be written into the specified address. After the last bit of
data is put on the data-in (DI) pin, CS must be brought low
before the next rising edge of the SK clock. This falling edge
of CSinitiates the self-timed programming cycle. The PE pin
MUST be held “high” while loading the WRITE instruction,
however, after loading the WRITE instruction the PE pin be-
comes a “don’'t care”. The DO pin indicates the READY/
BUSY status of the chip if CS is brought high after a mini-

mum of 250 ns (tcs). DO = logical 0 indicates that program-
ming 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.

Write All (WRALL):

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

Write Disable (WDS):

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

Protect Register Read (PRREAD):

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

Protect Register Enable (PREN):

The Protect Register Enable (PREN) instruction is used to
enable the PRCLEAR, PRWRITE, and PRDS modes. Before

Instruction Set for the NMC93CS56 and NMC93CS66

Instruction | SB | Op Code | Address Data PRE | PE Comments

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

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

WRITE 1 01 A7-A0 D15-D0 0 1 | Writes register if address is unprotected.

WRALL 1 00 01XXXXXX [ D15-D0O 0 1 | Writes all registers. Valid only when Protect Register is
cleared.

WDS 1 00 00XXXXXX 0 Disables all programming instructions.

PRREAD 1 10 XXXXXXXX 1 X | Reads address stored in Protect Register.

PREN 1 00 T1IXXXXXX 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-A0 1 1 | Programs address into Protect Register. Thereatter,
memory addresses > the address in Protect Register are
protected from WRITE.

PRDS 1 00 00200000 1 1 | One time only instruction after which the address in the
Protect Register cannot be altered.
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NMC93CS56/NMC93CS66

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 PRDS 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 (PRDS):

The Protect Register Disable (PRDS) 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 PRDS instruction the PRE and PE pins become “don’t
care”.

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

Synchronous Data Timing
Vin
PRE * *
tpres +—= tpREH
e Vi
ViL f
v tpes tpy
M
4 N
s V“_J 1 ”3. L—
Yss tskn | tsxe 1 tesu
” Vin | .
W I
v tors tom
("
Oy, X X
- = IF
00 (READ)V o
| lDr
00 (PROGRAM)V STATUS VALID

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

TL/D/9209-4
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Timing Diagrams (continued)

READ:*
PRE = 0,PE = X

I b 2% A

*/ AV

*Address bit A7 becomes a “don’t care” for NMC93CS56.
*The memory automatically cycles to the next register.

WEN:
PRE = 0, D0 = TRI-STATE

. _/ s \_tcs/
_UuuuutuuuyL

/N7 OGO

TL/D/9209-5

TL/D/9209-6
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NMC93CS56/NMC93CS66

Timing Diagrams (continued)

wDsS:
PRE = 0,PE = X,DO = TRI-STATE

-/ T\
sihnnnnhhhnnhhis

TL/D/9209-7

WRITE:"
PRE =0

o B NARAAAANAN

I 23

-/ T\ \
UL

Do ” " BUSY READY

X( L

*Address bit A7 becomes a “don’t care” for NMC93CS56.

TL/D/9209-8
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Timing Diagrams (Continued)
WRALL:*
PRE =0

PE _J N N \

LYY )

-/ T\ 1\

U
A\ 000G

l BUSY
oo & 2 READY
|—— twe

*Protect Register MUST be cleared.

PRREAD:*
PE = X

I )

'_I ¢ Y e e

PRE

-/ — T\
MU,

% e /o XX Yo D__

*Address bit A7 becomes a “don’t care” for NMC93CS56.

TL/D/9209-9

TL/D/9209-10
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NMC93CS56/NMC93CS66

Timing Diagrams (continued)

PREN:*
DO = TRI-STATE
PRE
PE

L)Y

-/ T\
- UM

*A WEN cycle must precede a PREN cycle.

PRCLEAR:*

:: NN

" “ MMM

by

-/ T L
< UL UL

00 2 BUSY READY

we 1

*A PREN cycle must immediately precede a PRCLEAR cycle.

TL/D/9209-11

TL/D/9209-12
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Timing Diagrams (continued)
PRWRITE:

| T AT

" B IAARARRRRRRRRRNN

22

-/ TN\
UL
o N\ o/ 20

Do BUSY READY

99SOE6INN/95SIE60NN

——twp

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:*

AARARRRRNN

" o AN

I

=/ AV
mnnnipnnnnpnnnpnns
DI AO 0 0 e 0 0 0 [

b1

¢

0o ” BUSY READY

—C

[e———twp

TL/D/9209-14
*ONE TIME ONLY instruction. A PREN cycle must immediately precede a PRDS cycle.
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NMC98C10/NMC98C20/NMC98C40

National
Semiconductor

NMC98C10/C20/C40
Electrically Erasable, Programmable Memories

General Description Features

The NMC98C10, NMC98C20 and NMC98C40 are 128 by 8, W Single 5-volt supply
256 by 8 and 512 by 8, 5-volt programmable, non-volatile, ® Reliable CMOS floating gate process
paraliel access memories built with CMOS floating gate pro- Eighteen-pin package
cess. Data and address lines are multiplexed, enabling Multiplexed address and data bus
glgse devices to be packaged in an 18-pin DIP or 20-pin Self timed write operation
, saving board space. The pin-out is identical to the Intel N .
8185 static RAM and the 2001 non-volatile RAM, allowing 20,000 erase/wrltfs 9yd§s typical
the memories to directly interface with popular 8-bit and Very low power dusspatlon
16-bit microprocessors and microcontrollers. T‘?"‘ year data retention
‘The write cycle is simplified by a self-timed erase before Mllmmum board .space'
write circuit on-chip. The end of write cycle can be deter- Directly compatible with NSC800, HPC and other stan-
mined by polling the data pins or the controller can simply dard microprocessors and microcontrollers

allow a minimum time between a write command and the ™ No external sequencing of erase/write cycle
subsequent command. To prevent undesirable modification
of the memory contents during system power up or power
down, a lockout circuit ignores write commands while Vg 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
ALE CE1 CE2 CS OE WE Pin Names
I I | | | I ADo-AD7 Multiplexed address and data bits.
TIMING AND Pin 8 is DATA only for NMC98C10.
CONTROL LOGIC GND Ground
A8 MSB of address for NMC98C40
l_L l $ l I NC No Connection
ADG=ADg <::> || ARRAY CE2 Chip Enable 2
DATA AND £2 ARRAY |4—] CONTROL CE1 Chip Enable 1
126x8 s ;
D, «——p| ADDRESS oR cs Chip Select
A —b LATCHES 512x8 ALE Address Latch Enable
Ag* —>] W_E Wirite Enable
B OE Output Enable
Vee Power Supply

*A7 not used on NMC98C10
**A8 not used on NMC98C10 or NMC98C20
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Connection Diagrams

Ordering Information

Dual-In-Line Package (N)

-/
ADO—' 1 18 _Vcc
AD, —2 17-0¢E
AD,—3 16— WE
_ AD;—4 15— ALE
AD,—5 14-CS
AD;—16 13— CEl
ADg~{7 12|=CE2
Ay*/D;—8 11}=NC
GND—{9 10— NC/Ag**
TL/D/B791-1
Top View

See NS Package Number N18A

*A7 not used on NMC98C10
**A8 not used on NMC98C10 or NMC98C20

Commercial Temp. Range (0°C to +70°C)

Extended Temp. Range (—40°C to +85°C)

Parameter/Order Number Comments Parameter/Order Number Comments
NMC98C10N/NMC98C20N Plastic 18-Pin DIP NMC98C10EN/NMC98C20EN Plastic 18-Pin DIP
NMC98C40N tLp = 300 ns NMC98C40EN tLp = 300 ns
NMC98C10N-1/NMC98C20N-1 Plastic 18-Pin DIP NMC98C10EN-1/NMC98C20EN-1 | Plastic 18-Pin DIP
NMC98C40N-1 tip = 180 ns NMC98C40EN-1 t.p = 180ns

Military Temp. Range (—55°C to + 125°C)

Parameter/Order Number Comments
NMC98C10MN/NMC98C20MN Plastic 18-Pin DIP
NMC98C40MN tp = 300 ns
NMC98C10MN-1/NMC98C20MN-1 | Plastic 18-Pin DIP
NMC98C40MN-1 tip = 180ns
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NMC98C 10/NMC98C20/NMC98C40

Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

Operating Conditions
(Applies to DC and AC Characteristics)

contact the National Semiconductor Sales Office/ Positive Supply Voltage 4.5Vto5.5V

Distributors for availability and specifications. Ambient Temperature

Voltage on Any Pin —-0.5Vto 6.5V Commercial 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C Industrial —40°Cto +85°C

Maximum Power Dissipation @ 25°C Military —55°Cto +125°C
(Note 2) 500 mW

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 loH = — 400 pA 2.4 v
VoL Output Low Voltage loL = 2.1 mA 0.4 \
ViH Input High Voltage 2.0 Vee + 0.5 \
ViL Input Low Voltage 0 0.8 \
VKO Ve Level for Write Lockout 4.0 4.4 \
W] Input Leakage Current ViN = Vee +10.0 MA
Lo Output Leakage Current Vout = Vce +10.0 pA
Icc Operating Supply Current TTL Inputs 15.0 mA
CMOS Inputs 10.0 mA
lcepp Standby Supply Current TTL Inputs 5.0 mA
CMOS Inputs 100 pA
Isc Short-Circuit Current One Output Pin Shorted 40 mA
AC Electrical Characteristics
NMC98C10, NMC98C10-1,
Symbol Parameter m%?a%i% :ngg%gi%::’ Units
Min Max Min Max
taL Address to Latch Setup Time 50 50 ns
tLa Address Hold Time after Latch 45 30 ns
tic Latch to OE/WE Control 80 35 ns
toe Valid Data Out Delay from Read Control 170 120 ns
o ALE to Data Out Valid 300 180 ns
e Latch Enable Width 100 60 ns
toH Output Held from Addrgsses, CS, orOE 0 0 "ns
(Whichever Changes First)
toLz OE Low to Output Driven 10 10 ns
tRDF Data Bus Float after Read 0 95 0 60 ns
toL OE/WE Control to Latch Enable 0 0 ns
tec OE/WE Control Width 250 150 ns
tow Data In to Write Setup Time 150 150 ns
twbp Data In Hold Time after Write 20 15 ns
tsc Chip Select Set-Up to OE/WE Control 0 ns
tcs Chip Select Hold Time after OE/WE Control 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, = 25°C, f = 1 MHz (Note 3)
Parameter Description Test Conditions Typ Max Units
Cin Input Capacitance ViN = 0V 5 10 pF
Cio Input/Output Capacitance OE =CET=CS =V, CE2=V|_ 10 pF
AC Test Conditions
Outputload ........ccovvuennn 1 TTL Gate + C_ = 100 pF InputPulseLevels..........ooovviiiniiinnns 0.0Vto 3.0V
Input Rise and Fall Times (10%t090%) ............ 20 ns Input/Output Timing Reference Level......... 0.8Vto 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 mW/°C from 65°C to 85°C.
Note 3: This parameter is sampled and not 100% tested.

Typical Applications

NSC800 NMC98C10
Ax CEi
Ay CE2
ot cs
__ RO OE
RD, WR WE
ALE ALE
ADG=AD; @ ADg=ADy

TL/D/8791-5

Note: Ay, Ay, Az are any three of the NSC800™ address pins
A8-A15. By connecting CE1, CE2, and CS to specific address
lines, the NMC98C10, 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 NMC98C 10 with an NSC800 Microcontroller

HPC160400R NMC98C10
NSC32000

Ay 3]

Ay CE2

Az cs

RD OE

WR WE

ALE ALE

ADg=ADy <:> ADg=AD;

TL/D/8791-6
FIGURE 2. Using the NMC98C10 with the HPC 16040 Microcontroller or NSC Series 32000®
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NMC98C10/NMC98C20/NMC98C40

Functional Description

Table | 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
NMCS8C10 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.

DATA POLLING

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

WRITE LOCKOUT

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

TABLE I. Mode Table

Mode CE1*|CE2*|CS|OE(WE|ADg~AD7|
Standby Powered Down{ Vi | X [ X | X | X Hi-Z
Standby Powered Down] X | VL [ X | X | X Hi-Z
Standby Powered Up Vit | VIH [ViH| X | X Hi-Z
Read Vit | ViR [ViL|ViL|ViH| Data Out
Write Vit | Vin [ViLiViH ViL| Dataln
Inhibit vic | Vi (Villviilvie] - Hi-Z'
Inhibitt ViL | Vin [V Vi ViL| Hi-Z

V)L = Logica! Low Input

Vir = Logica! High Input

Hi-Z = High Impedance State

X = Don't Care

* = CET and CE2 are latched by ALE

t = This inhibit mode not recommended
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Timing Waveforms

ALE { \ T
(Thag ~tor
C_E'% J7777 7777777777 77777777 777777777 7777777
tarce
ce2 77777 X777 7777777777777777 7777737777777

& 7777777777\ L777777
- tsc tec tcs |"

0 \ /

Lc toe
Y - l“ ‘RoF

e — torz =~ = ton
w20, ////) //////) {ouTPuTs ACTIVE JXVALID DATA our)»—C

TL/D/8791-3

f

g

|
072860WN/0ZI860WN/0+ 86N

WE vy

FIGURE 1. Read Timing

ALE { \ I
™ oL
& 777/ L7777 777777777777 77777777 7777777777777
Wee ] [T tace ™
= 3///1 4 7777777777777 77777777777 7777 7777X7
r*sc tec tes [+
twR
OE Viy
‘ e tow
W \ /__ \
e l‘— twh =] typ T
ADy=AD; _1 Anoness‘k DATA INvALD X DATA VALID H

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 ADp-ADy, 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

¢ MICROWIRE™ compatible interface

* Read-Only mode or read-write mode

This Application Brief will address protecting data in any of
National's Serial Interface EEPROMSs by using read-only
mode.

Whereas EEPROM is non-volatile and does not require Vg
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 EEPROMSs, 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

National Semiconductor
Application Brief 15
Paul Lubeck

it is necessary to place the device in the Program Enable
Modef. Following placing the device in the Program Enable
Mode, Erase and Write will remain enabled until either exe-
cuting the Disable instruction or removing V. Having Voo
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 Vg 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.

s UL s

EWEN
EWDS

art

\_ oo

S\ LT

ENABLE=11
DISABLE=00

TL/D/7085-1

FIGURE 1. EWEN, EWDS Instruction Timing

MAIN POWER SUPPLY -I

4.5V-5.5V

i

Vee J

L S5V = Vg = 45V )
MAINTAINED ON CAPACITOR

istRucTioN [ensl . Jewenl [ rocam L JewosL_,
(ERASE, WRITE,
ERAL OR WRAL)

EWEN PROGRAM EWDS'

TL/D/7085-2

*EWDS must be executed before Vo 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 Vg 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

must be large enough to maintain V¢ 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 V¢ 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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AB-18

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
Application Brief 18
Doug Zrebski

once again over the microwire interface. To compensate the
compass in a new environment the procedure is very sim-
ple. Start by pointing the car in any direction and push the
switch. The CPU at this time will measure the voltage at the
sense amplifiers and store this information in the E2 memo-
ry over the microwire interface. Now the vehicle is turned
180°, 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
> SENSE »| SENSE AMPLIFIER
colL LM324
FLUX GATE
TOROID =
DRIVER
EAST/WEST EAST/WEST
> SENSE »| SENSE AMPLIFIER
colL LM324
D/A
CONVERTER
couVE?uER + E2 MEMORY
COP434 < NMC9306
WICROWIRE ™™ INTERFACE
uP
DISPLAY AND
SWITCH COP421 LAY A

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 COPS™ 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 A/D converters, an
NMC9346 EEPROM and some logic for LED display, com-
prise an extremely versatile, yet low cost, system. The
ADCO0854 allows 4 channels of temperature sensors, 1 local
and 3 remote. Temperature sensors used are LM34 (for
readings in °F) or LM35 (for readings in °C).

While there are several possible choices for A/D converters
that are MICROWIRE™ compatible, the ADC0854 was cho-
sen because of its “settability”. By presetting the *“cold”
temperature (i.e., 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”
A/D 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 A/D 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 A/D 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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AB-22

24VAC [ SWITCHER +5

+5
F— T
X 7 b3 [
19 o cc
— e
| l—‘ '_l $ RESET NMC9346
I T 3 oo
_— €S CLK SO S
I AN ; Lo [V EE——
A———] L1 S0
A L2 S|
A L3 T v
VWA L4 01 cc
WA — I 02 A I T
A~ 16 "SET
1 "cowr | cscikso s 2K CS CLK SO SI |"HoT"
AGIT SELECT 0 D3 co o 125V
DIGIT SELECT 1 7 VRer Vrer
+5 A alsts 28]  Apcosss ADcoss4 |7
FURNACE {_l 82 o n.,oo?@ LM385
CHO eH1CH2cH3 CHO cH1 CH2eH3
v T
_ 10mV /°F
A/C {_ (TYP 1 OF 4)
‘P
S0
ﬁ

TL/D/8647-1
FIGURE 1
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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 COPS™ family of micro-
controllers and other microprocessors. Figures 1-6 show
pin connections involved in such interfaces. Figure 7 shows
how paralleldatacanbeconvertedintoaserial formattobein-
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.)

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 us, 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.

|||—I

Veo
S
Veo Vee b3 o
€S e 00 T 005 ,4F
% s CKI
NMC8306/ — -
COP434 . copez0 100 pF
ol ¢ 0 T
GND
Vss skfe K l

L0-L7, G0-G3. D1-D3
FIGURE 1. NMC9306/COP494 — COP420 Interface
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FIGURE 2. NMC9306 — Standard pn.P Interface Via COP Processor
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FIGURE 3. NSC800™™ to NMC9306 Interface (also Valid for 8085/8085A and 8156)
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FIGURE 4. Z80 -— NMC9306 Interface Using Z80-PIO Chip
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* SK and Dl are generated by software. It should be noted that at 2.72 ps/instruction. The minimum SK period achievable will be 10.88 p.s 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 uP — NMC9306 Interface
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FIGURE 7. Converting Parallel Data into Serial Input for NMC9306/COP494
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FIGURE 8. NMC9306/COP494 Timing

THE NMC9306/COP494

Extremely simple to interface with any wP or hardware logic.
The device has six pins for the following functions:

Pin 1 cs* Hl enabled

Pin2 SK Serial Clock input

Pin3 DI For instruction or data
input

Pin 4 DO** For data read, TRI-STATE®
otherwise

Pin5 GND

Pin8 Vee For 5V power

Pins 6-7 No Connect 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).

**DI 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. SKclock frequency should be in the 0-250 kHz range.
With most pPs 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 uP speeds.
Symmetrical duty cycle is irrelevant if SK Hl time is >
2 ps.

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 EWDS. 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 DI
is essential to proper operation.

5. Stored data is fully non-volatile for a minimum of ten
years independent of Vcg, 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 s8nse E2PROMs super-
sede EPROMSs which are restricted to room tempera-
ture programming.

8. As shown in the timing diagrams, the start bit on DI
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 mods, following an instruction and data
train, the DI 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 D! till another CS LO-HI transition starts a
new instruction cycle.

11. When a common line is used for DI and DO, a probable
overlap occurs between the last bit on DI and start bit
on DO. .

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 DI.

READ — After read command is shifted in

DI 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.
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INSTRUCTION SET

Instruction | SB | Opcode | Address Data Comments

READ 01 10xx A3A2A1A0 Read Register A3A2A1A0
WRITE o1 01xx A3A2A1A0 | D15-DO | Write Register A3A2A1A0
ERASE 01 11xx A3A2A1A0 Erase Register ABA2A1AQ
EWEN 01 0011 XXXX Erase/Write Enable
EWDS 01 0000 XXXX Erase/Write Disable
ERAL 01 0010 XXXX Erase All Registers
WRAL 01 000t 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.

Xis 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
Industrial control
Instrumentation
Joulemeter
Keyboard -softkey
Laser machine tool
Machine control
Machine process control
Medical imaging
Memory bank selection
Message center control
Mobile telephone

TCOXRE

IO

<

<

N< Xz

Modem

Motion picture projector
Navigation receiver
Network system

Number comparison
Oilfield equipment

PABX

Patient monitoring

Plasma display driver
Postal scale

Process control
Programmable communications
Protocol converter
Quiescent current meter
Radio tuner

Radar dectector

Refinery controller
Repeater

Repertory dialer

Secure communications system
Self diagnostic test equipment
Sona-Bouy

Spectral scanner
Spectrum analyzer
Telecommunications switching system
Teleconferencing system
Telephone dialing system
T.V. tuner

Terminal

Test equipment

Test system

TouchTone dialers

Traffic signal controller
Ultrasound diagnostics
Utility telemetering

Video games

Video tape system
Voice/data phone switch
Winchester disk controller
X-ray machine

Xenon lamp system
YAG—Ilaser controller
Zone/perimeter alarm
system
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The NMC9346—An Amazing
Device

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

Answer: The NMC9346—a 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 I.D. many
times over. Although the NMC9346 is a small part both
physically and in memory size, its capacity to store unique
codes is boundless.

Figure 1 shows the pin assignments and pin names for the
NMC9346. Pins 6 and 7 are not connected, leaving only 6
active pins on the device. The DO pin is not active while
data is being loaded through the DI pin. D! 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-Line Package

cs—1 8 —Vee
SK=—12 7 p=—NC
Ol—3 6 —NC
00— 4 5 |—GND
TL/D/8611-1
Pin Names
(o] Chip Select
SK Serial Clock
DI Data Input
DO Data Output
\/o%) +5V
GND Ground
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

= e
sK/cs K

DI/DO————E DI
D0 GND —|
GND

TL/D/8611-2

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. Both one-
shots are triggered whenever a pulse to ground occurs on
the power supply contact. The capacitor and diode provide
power to the NMC9346 and the one-shots during this brief
power interruption. An operational amplifier can be used as
the power source and can easily generate the required
waveform. Both the serial clock and chip select signals are
recovered from this waveform.
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Vee

A\
A

GND —l
GND

TL/D/8611-3

One-Shot A—1, MM74HC123

One-Shot B—1; MM74HC123

FIGURE 3

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

at the DI 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

trigger the one-shots as in the 3-contact circuit, and appears a write cycle.
Vee
D@ [——
|
Do q
cs
SK
L V=R
| -~
R3 & Vee
® 2 R5 ﬁ:
GND 12
R4 < A q
GND &
TL/D/8611-4
R1 = 20K One-Shot B = 1, MM74HC123
R2 = 30K V-R = LM29302-5.0
R3 = 15K OA = LM358
R4 = 5K R5 = 16000
One-Shot A = 1, MM74HGC123 FIGURE 4
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—
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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 1X
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 EEPROMSs 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 recsive
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 1X clock
provided by the UART.

THE WRITE CYCLE

When a write cycle is desired, the UART must be set up for
an external 1X 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
Pat Webster

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 A0, A1, A2, A3,
XX11 (e.g., an 03y 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 | 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 1X 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 01p.
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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UART/EEPROM Interface

1488 EA
M T0 MODEM
04 1488 mﬂg
™
Nscass 1S
RTS
L1,
K g NMC9306/ 9346
s
o
TL/D/8642-1
UART/EEPROM Timing
Write Cycle
(9306)

me/sK _I'LFLI_LFIJ—LI_LI"LI'LI—l( rI'LI'LI_LI_U—I‘ tJ—LI_LI’L_I_LI_L

RTS/CS /
™o/l [sue l oo [o1 I D2 D3 | | X 07 \s10p [srarrX 00 X || X 07 \st0P fsqarr{ D0 X D1

EEPROM DATA 1 A0 A1S D14 D13 D06 DOS D04 DO3 DO2.
TL/D/8642-2

Read Cycle

RTS/CS /

TXD/DI

STOP

EEPROM DI
EPROM DO

0 STP|smarrk 00 X 01 X 02 X 1} X 07 XStop|stast

11
EEPROM BIT ASSIGNMENT 0 D15 D14 D13 D12 D1t D06 DOS DO4...
TL/D/8642-3
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1st
Byte

2nd
Byte

P,

Micro Data
DO
D1
D2
D3
D4
D5
D6
D7

Do
D1
D2
D3
D4
D5
D6
D7

DO
D1
D2
D3
D4
D5
D6
D7

*EDXX = Usable EEPROM Data

Table |
UART XMIT Data
Start-Bit

0
1
0
0
A3
A2
A1
AO
" Stop-Bit
Start-Bit
*EDO
ED1
ED2
ED3
ED4
ED5
ED6
ED7
Stop-Bit
Start-Bit
ED8
ED9
ED10
ED11
N/A
N/A
N/A
N/A
Stop-Bit

Command

(Write)

EEPROM
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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 (i.e., baud rate, auto dial numbers,
function selects, etc.) and also production information (i.e.,
serial number, date of manufacture, etc.)

INTRODUCTION

In a computer terminal environment, there are many- user
selectable options that need to be strapped into the termi-
nal before it can be used. Some terminals have modems
built into them that can automatically dial numbers for you.
Some terminals can even emulate several different industry
standard terminals, all in one. This configuration information
is usually programmed into the terminal by using DIP
switches accessed through some access cover or by re-
moving a certain panel. A major drawback to this type of
configuring is that the terminal must be opened by the user
if they are to change the strapping. Another disadvantage is
the terminal usually cannot be changed dynamically. Enter
NON-VOLATILE RAM or battery-backed-up RAM. This cre-
ates another problem in that the system cost is increased,
reliability suffers, and board space may not be available.
Enter NMC9306 serial E2PROM in an 8-pin Mini-DIP. This
device is not only non-volatile, but is small, inexpensive, and
simple to use.

National Semiconductor
Application Note 433
Richard Zarr

HARDWARE MAIN DESCRIPTION

Since the NS455 Terminal Management Processor (TMP)
does not have a MICROWIRE™ 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 74L.S244. 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.

NS455 7405374
ae P2 cLK
rer A2 Bl a2 » 10 ROM A7
Res Tlos a5 P2 » TO ROM A6
res P2 14105 o5 P 10 ROM AS
Py L Bloe ot F2——p 10 roM A4
res 2 8ps o3 P——p ToROM A3
re2 P2 U2 o2 f—s tor0M 82
Ret AL Mo ot f—— 1o oM A1
reo |2 Ho oo P——p 10 r0M 10
7405273 Jd_
ﬁﬁ-é R _I:o 3
Bl ar |2 » OUTPUT BIT 7
7406 a5 o outPUT BT 6
Blos a2 b OUTPUT BT 5
Bloe ot P2— ourrurams
Hos as > » ouTPuT BT 3 _NNC9306
e al Hes
Ho ap 3o wp
Hw ol 21 sk
1 o
A7
b TL/D/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 NMC8306 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.

Typlcal Configuration Map

Location
(Hex) Description

0 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)

1 Bits 0-3 Baud Rate
Bit4 1 or 2 Stop Bits
Bit5 7 or 8 Data Bits
Bit6 Parity On/Off
Bit7 Odd or Even Parity
Bits 8—-F - (Spare)
Bits 0-F (Spare)
Bits 0~-F Month and Year of Assem.
Bits 0-7 Day of Assembly
Bits 8-F Assembly Location

5 Bits 0-7 Inspector Code
Bits 8-F No. of Returns

6 Bits 0-F Serial Number (MSW)

7 Bits 0-F Serial Number

8 Bits 0-F Serial Number (LSW)

9 Bits 0-7 Failure Code 1
Bits 8-F Failure Code 2
Bits 0-F Check Sum

B~-F (Spare)
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NS455 745374
2 1
ALE CLK
RE7 ul 18 D7 Q7 S 5 70 ROM A7
REs | 106 06 b 10 ROM A6
Res |2 Ulos o5 F>—> 10 ROM 45
Res |24 Uos s H2— 7o roM A4
res |2 805 o3 P— 1o ROMAS
Re2 |22 o2 o2 P— 10 ROM A2
RE1 P Hot ot P——> 10 rOM A1
reo |2 o0 00 P——> 10 ROM A0
7405273 A
s —d o Iy
Bl ar e oumuteny
o6 a5 oo outruTBT 6 \
Y05 o5 F—p outruTBIT 5
Blos s F2— outpuTBIT 4
8los o3 E———> outpur BT 3 _NMC9306
o «ff s
Ho ap o o
2 Y & 21
1
CLK 7415244
|0 1o
| 2] 18
INPUT BIT 1 4 16
INPUT BIT 2 6 14
INPUT BIT 3 8 —D— 12
INPUT BIT 4 L 9
INPUT BIT 5 13 7
INPUT BIT 6 15 5
INPUT BIT 7 17 3
L 199 oe
TL/D/8644-2
FIGURE 2
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Common I/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
(MICROWIRET™) interface; Chip Select (CS) input, clock
(SK) input, serial data input (Dl), and serial data output (DO).
Since DO is in TRI-STATE® while instructions, address and
data are being shifted into the chip on the DI signal line, DI
and DO can be tied together as a common /O to further
simplify the interface. However, the following potentially
troublesome situations should be kept in mind and dealt
with according to these recommendations:

NMC9306/COP494

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

National Semiconductor
Application Note 481

address is clocked into the chip by the rising edge of SK,
DO comes out of TRI-STATE and goes low (logical ‘0’) as a
dummy bit to signal the start of the data output string (Figure
7). In a common /O application, if AO is a logical ‘1’ and is
still driving DI when the dummy bit becomes valid, a low
impedance path between the power supply and ground is
created through the DI 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 DI driver and the chip (Figure 2), the part will
continue to work normally since AQ is clocked onto the chip
before this potential disturb condition occurs.

[« M

[4
’

cs_/ J
ol /1

READ

£C
LRJ

| N

N\ ////_)QD(_\

DURING THIS TIME CONFLICT BETWEEN DI DEVICE AND ON
CHIP DO BUFFER CAN CAUSE A LOW IMPEDANCE PATH
0o BETWEEN SYSTEM VCC AND GROUND WHEN A0=LOGICAL 1

L

TL/D/9213-1

FIGURE 1. Read Instruction In Common 1/0 Configuration
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that programming is still in progress. DO = logical ‘1’ sig-

nals the end of the programming cycle. This ‘status check’
NMC9306,/COP494 "
& Oéc function of DO is cancelled (i.e., DO returns to TRI-STATE)
NMC9346/COP435 when a logical ‘1’ on Dl is clocked into the chip by SK with
CS high. With separate input and output this is automatically
Vee _SK accomplished by the start bit of the next instruction (Figure
3).
\ R* ol Vec In a common 1/0 application, the following clocking se-
AV quence is recommended to avoid premature cancellation of
DI Re 5 l |_ the ‘ready’ status and/or interference of the ‘ready’ status
DRIVER =3 %) 00 with the serial input sequence for the next instruction (Fig-
— j BUFFER ure 4):
| 1) Inhibit the SK clock after clocking in the programming
! instruction.
* POSSIBLE LOCATIONS FOR 2) After acknowledging the ‘ready’ status, clock SK once
CURRENT LIMITING RESISTOR. while the common 1/0 is still high to cancel the ready/
busy status function of DO.
TL/D/9213-2 ) -
FIGURE 2. Current Path during DI Driver and 3) Bring CS low for a minimum of 1 ps (ics) to clear the
DO Buffer Confiict during Read Instruction 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 Voo power-up. This occurs due to the Vgg
power-up conditions setting the status mode logic on the
chip, and is not an indication of a spurious programming

NMC9346/COP495

The NMC9346/COP485 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, an9ther pltfgll may be elr}gunte{ed .at the end of a cycle on Vg power-up. The following clocking sequence is
programming cycle in common applications. recommended to ensure cancellation of this status signal
The self-timed programming cycle is initiated by the falling after Vg power-up (Figure 5):

edge of CS after a programming instruction (ERASE, 1) Bring CS high.

WRITE, ERAL, WRAL) is shifted in. If CS is brought high
subsequently, after a minimum of 1 us (tcs), DO indicates
the ready/busy status of the chip. DO = logical ‘0’ indicates

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

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

NMC9346 Timing Diagrams

s« LML

33 \ STANDBY
cs _/ PROGRAM INSTRUCTION N\ g W\—f
(ERASE, WRITE, EPAL, WPAL)
o /XA | . 1
START / B )T START
BIT

0

te/w
% TRI-STATE® ‘e READY '\ (5 / Rreapy \
2} \ BUSY

*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.

NEREN

NEXT INSTRUCTION

{C L C
) 7

(S N
-

TL/D/9213-3

FIGURE 3. Programming Cycle with 4-Wire Interface
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NMC9346 Timing Diagrams (continued)

s LML

{ ¢
27

LC

BIT

79
es_/ PROGRAM INSTRUCTION g /  STATUS CHECK
ERASE, WRITE, EPAL, WPAL 5
¢ ) te/w ———

Ri-STATE®) \
/XA Bust/Feany
START

M, rorre

_\__‘ / NEXT INSTRUCTION
/XX
START

BIT

L *READY / BUSY STATUS INDICATOR

IS RESET BY THIS SK CLOCK EDGE

FIGURE 4. Recommended Programming Cycle in Common I/0 Configuration

Vee _J

cs / \ g § /  1ST INSTRUCTION

sK [

Spinipl

ol _TR=STATE®
00

{
P4

/XX

READY CANCELLED ON THIS SK EDGE

TL/D/9213-4

TL/D/9213-5
FIGURE 5. Recommended Clocking Sequence on Vgc Power-Up in Common 1/0 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 1s in the block of
data, including the parity bit, is even. In practice this is ac-
complished using modulo 2 addition (i.e.,0 + 0 = 0; 0 +
1=114+0=11+1=0,0+0+ 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

COUMN | 6 5 4 3 2 1 0
BITS HEREEREDRDEERRDE

r 3 A A
< I P I < I
< < <
I & I < I
« <
4 I & I < I
< < <
TL/D/g214-1

FIGURE 1. Computation Scheme for Parity Bits
Using Hamming Code

o

-~
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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 1s and 0s. 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 || 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 Il shows all the combinations of the 7-bit block.
Note that there are only 128 possible variations of 1s and Os
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 |
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 lll, and we see that the
correct information is 1000. With Table IIl 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 |. Encoding Table for Hamming Code

TABLE Il. Syndrome Decoding Table for Hamming Code

Sixteen Code Words Syndrome Meaning
Parity Information 0 0 [ No error detected
Bits Bits 0 0 1 Check bit 0 in error
P P P | I i i 0 1 0 Check bi‘t 1 in. error
2 0 3 2 1 0 0 1 1 Information bit 2 corrected
1 0 0 Check bit 2 in error
0 Y Y Y 0 Y Y 0 1 0 1 Information bit 1 corrected
1 1 1 o 0 0 Y 1 1 1 0 Information bit O corrected
2 1 0 1 0 o 1 0 1 1 1 Information bit 3 corrected
3 0 1 1 0 0 1 1
410 1 1 0o 1 o 0 With this added data protection the reliability of EEPROMs
5 1 o 1 0 1 o 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 1k 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 1V. 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
1 1 0 0 1 0 1 1 described would have protected against the loss of da.ta
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 o 1 first Hamming code failure was detected. This is to be ex-
14 0 Y 1 1 1 1 Y 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 lIl. Information Retrieval Table for All Possible Combinations of Single-Bit-Correct Hamming Code

Received
Codeword

Syndrome Corrected
Bits Information

©OoONOOODAWN-LO

[eNeNeoNoNeNeNoNoNoNoNeNeNeoNeNe oo NoloNeNo oo o No oo NeNoloNeNe)
[eNeNeNeleNeoNeNeNeNeNeloNoNolNeNeNoNoNolNeNeil ool Ne oo NeloNoNe o
S A d daddadddadd e adaAaaSa 0000000000000 0O0OCO
- = H a1 22w 0000000000 Gt d a2 00000000
-_-—- = 2 00002 A 200004242 400000=2 224400000

. B 00 A 0O A 0O A 200 A O00 =422 00=2 200 ~=200

.t O 00202020200 =200+ 0~-0=-0=-20=20=0

L 00 A 200404200~ =20=200-=200=-0==+00==0
L0400 R0 20404202020 200=20=0-+0~=20=0
0O 4 4 004 200004+ 22200004200 ====00
4 4 L A A a0 20000400224 2132000000000
N 0L O 200 A A d 00002 aa 20000044 404+4000
L0 L0400 4400220024004 200==40-2000
0O L4 0404 A w00 4040202040202 =240-000
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Corrected
Information

Syndrome

Bits

Received

Codeword

TABLE Ill. Information Retrieval Table for All Possible Combinations of Single-Bit-Correct Hamming Code (Continued)
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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 Fallures 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 EEPROMSs.

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 |, NMC98Cxx Family

Device Memory Size
NMC98C10 128 x8
NMC98C20 256 x 8
NMC98C40 512x8

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 muitiplexed bus interface The
members of the family are differentiated by their memory
array size, which are 128, 256 and 512 bytes (see Table ).

National Semiconductor
Application Note 506

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
7).

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 Il). 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 Il. NMC98Cxx Modes

Mode CE1|CE2|CS|OE|WE|ADy-AD;
Standby Powered Down| V|| X | X | X | X Hi-Z
Standby Powered Down| X |V | X | X [ X Hi-Z
Standby Powered Up ViL | VIH|VIH| X | X Hi-Z
Read ViL | Vig [ ViL| Vi | Vin| Data Out
Write Vit | ViIH IViL|Vinl ViL| Dataln
Inhibit ViL [ ViH |[ViL|ViHIVIH]  Hi-Z
Inhibit Vie [ Vil | ViL | Ve Ve Hi-Z

VL = Logical Low Input

Viy = Logical High Input
Hi-Z = High Impedance State
X = Don't Care
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Pin Function
Name

ADg-AD7 Multiplexed address and data bits.
ADy7 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 Il)

CE1 Chip Enable 1 (See Table 1)

CS Chip Select (See Table Il)

ALE Address Latch Enable

WE Write Enable

OE Qutput Enable

Ve Positive Power Supply, 5V

-/
ADy—]1 18|=Vee
AD;—{2 17 =0
AD,—{3 16 |=WE
ADz—{4 15 |=ALE
AD,—5 14=CS
ADs—{6 13 |=CE1
Apg—7 12|=CE2
AD;*/0;—18 11j=NC
GND—]9 10 |—NC/Ag**
TL/D/9416-1
**NMC98C40
*NMC88C20/40

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 CE7 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.

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, RD and WR 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
HPG16040, 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 ROMless, and Expand-
ed ROMless. 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 ROMIless has a 4k address space and Expanded
ROMIess 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 A15 to CE1 places the device in the low-

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.

NMC98C40

HPC

- " —plcE,
A5 p| CEq

u o —| &
RD »] 0E
WR ] WE
ALE plALE
AB N

AD7-0 AD7-9

|

TL/D/9416-2
FIGURE 2a. Simple 8-Bit Interface

HPC NMC9BC40
Ay q
- 0 - CE,
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[ »| OE
WE »] WE
ALE » AL
A8 »| 28
AD;_o <__ > AD7.o
NMC98C40
-] cg,
»| CE,
s
»| OF
»| WE
»| ALE
»| 28
— L

TL/D/9416-3
FIGURE 2b. Multi-Chip Interface

3-108




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
CET and CE2 are tied active. By using a port bit to control
CET 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. NMC98Cx0 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

same pins. In addition, A0 and HBE are used to decode the
low and high byte. On NMC98Cxx devices A0 is used to
select internal memory array locations.

ADDRESS SPACE LIMITED/

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 NMC88Cxx device
needs to be in the 1/0 address space of a system. Typically,
an 1/0 address space is intended for ports and is quite limit-
ed. For example, in the IBM® PC the I/0 address space is
1 kbytes and only 32 of these locations are allocated for
prototype or general use.

HPC NMC98C40

— ‘1" —piCEy
Ars » CEy

- v —] &
% > Gt
R »| 7
ALE P ALE
ADg p| Ag

) — L

TL/D/9416-4

FIGURE 3. 16-Bit Interface
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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-muitiplexed 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 AQ is low and
the data is selected when A0 is high. A1 is used as a chip
enable. To enable the device A1 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.

National Semiconductor
Application Note 507

TABLE I. NMC93CSxx Family

Device Memory Size
NMC93CS06 16x 16
NMC93CS26 32x16
NMC93CS46 64x 16
NMC93CS56 128x 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 data
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 address.
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.

DIP SO
€S L Voo NS
SK ] |__PRE €S|
Dl |—PE SK i
D0, F_GND NC ]
DI}
TL/D/9417-1 00—
NC.]

FIGURE 1. NMC93CSxx Device Pinout

Pin Names
CS Chip Select
—NC SK Serial Clock
—Vee [n]] Serial In
|_PRE DO Serial Out
|_NC GND Ground
pe PE Program Enable
I PRE Protect Register
—OND Enable
|NC Vee Power Supply
TL/D/9417-2
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TABLE Il. NMC93CSxx Instruction Set

Instruction | SB | Op Code | Address Data PRE | PR Comments

READ 1 10 Ax-Ag 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-Ag | D15-DO 0 1 Write register if address is unprotected.

WRALL 1 00 01XXXX | D15-D0 0 1 | Write all register. Valid only when “protect register”
is cleared.

WDS 1 00 00XXXX 0 Disables all programming instructions.

PRREAD 1 10 XXXXXX 1 Reads address stored in “‘protect register”.

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

PRCLEAR 1 1 111111 1 1 | Clears the “protect register” so that no registers
are protected from WRITE.

PRWRITE 1 01 Ax-Ag 1 1 | Programs address into “‘protect register”. Thereafter,
memory address < 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.

The protect register is used to write protect a segment of
registers. The value contained in the protect register desig-
nates the first address of the protected segment. All subse-
quent register locations are write-protected.

USING THE PROTECT REGISTER

The incorporation of the protect register in NMC93CSxx de-
vices sets the family apart from other CMOS serial
EEPROMSs. Including a protect register allows the devices to
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
EEPROM and ROM can be changed in the system by
changing the protect register value.

ROM applications typically require that data storage be non-
volatile so that no changes will occur when power is turned
off and read-only so that changes won’t occur under any
other circumstances. EEPROMs are non-volatile, but aren’t
read-only. An EEPROM will function as a ROM if write oper-
ations are never attempted or if any attempted write fails.

The protect register is valuable when an application requires
a mix of EEPROM and ROM. A NMC93CSxx device can be
made less susceptible to write problems without using the
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-
structions may be performed by making use of the write
enable (WEN) and disable (WDS) instructions. The device
would only be susceptible to a write problem if a system
failure caused an illegal write or some external source with
access to the device abused its write privileges. Use of the
protect register under system control would be somewhat
safer, but the device would still be subject to the above-
mentioned problems. Write access to the protect register
must be inhibited for the protected locations to be truly
read-only.

93CSXX
MICRO
DI
St DO I
SK SK PE
PX [

l—_ PRE
TL/D/9417-3

FIGURE 2a. Protect Register Disabled
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FIGURE 2b. Protect Register Enabled with Pulldown
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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
2Za).

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 (PRDS) instruction must be used upon com-
pletion of logging to fully protect the data. PRDS 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 PRDS. Data should be writ-
ten into the device from high locations to low to protect the

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 MICROWIRE™ interface.

93C5XX
CDP800
cst X
K sK I
sl 50 PE
S0 s1
62 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, DO and DI 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.
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;WREEPROM-WRITE DATA TO EEPROM

3THIS ROUTINE WILL WRITE A SPECIFIED NUMBER OF BYTES

;I0 THE EEPROM USING THE MICROWIRE INTERFACE. THIS CODE
;ASSUMES THE SHIFT CLOCK RATE IS 1/2 THE XTAL FREQUENCY.
sTHE ARGUMENT STRING CONSISTS OF A BYTE COUNT, OPCODE,
;REGISTER ADDRESS, FOLLOWED BY A DATA STREAM.

.
’

WREEPROM: LD
X
SBIT
SBIT
SBIT
RBIT

SLOOP: LD
X
SBIT

BIT.TST: IFBIT
JMP
DRSZ
JIMP
RBIT
RET

A, [B+]
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
BIT_TST
x'FO
SLOOP
1,x'D4

sCOPY BYTE COUNT

.
’

sCHIP SELECT
sSEND START BIT

sSEND DATA BYTES
H
H

STILL BUSY?

;

;DONE SENDING?
3

sDROP CS

FIGURE 4. COP800 MICROWIRE Write Routine
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sRDEEPROM~READ DATA FROM EEPROM

sTHIS ROUTINE WILL READ A SPECIFIED NUMBER OF BYTES FROM

sTHE EEPROM USING THE MICROWIRE. THE CODE ASSUMES THAT THE
sSHIFT CLOCK IS PROGRAMMED AT 1/2 THE INSTRUCTION CLOCK RATE.
sTHE ARGUMENTS PASSED TO THIS ROUTINE ARE A BYTE COUNT, OPCODE,

;AND REGISTER ADDRESS, POINTED TO BY B.

sTHE BYTE COUNT AND DATA READ ARE POINTED AT BY B ON RETURN.

RDEEPROM: LD A,x'FE ;SAVE POINTER
X A,x'Fl H
LD A, [B+] sCOPY BYTE COUNT
X A,x'FO H
SBIT 1,x'D4 sCHIP SELECT
SBIT 17,x'E9 ;SEND START BIT
SBIT 2,x'EF H
RBIT 2,x'EF H
LD A,[B] {SEND INSTRUCTION
X A,x'E9 H
SBIT 2,x'EF H

TST1: IFBIT 2,x'EF ;BUSY?
JMP  TST1 H
SBIT 2,x'EF ;GET DUMMY BIT?
RBIT 2,x'EF H

RLOOP: CLRA sGET DATA BYTES
SBIT 2,x'EF H

TST2: IFBIT 2,x'EF sBUSY?
JMP  TST2 H
X A,x'E9 H
X A, [B+] H
DRSZ x'F0O sDONE GETTING?
JMP  RLOOP B
LD A,x'F1 sRESTORE POINTER
X A,x'FE H
RBIT 1,x'D4 sDROP CHIP SELECT

RET

FIGURE 5. COP800 MICROWIRE Read Routine

Inside a COP800 device the MICROWIRE hardware con-
sists of an 8-bit shift register (SI0), a control bit (BUSY) in
the program status word (PSW), and a contro!l 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.

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
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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

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 paralle! port pins could
be used, as well as an on-chip UART.

93CSXX

8051

r— D1
P2.0
% PE —j

P2.1 cs
P2.2 SK
P23 PRE

TL/D/9417-7
FIGURE 7. 8051 Interface
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#define SET_CS  *_iportal=0x40 /* set chip select*/
#define DROP_CS *_iporta & = OxFB /* lower chip select*/

#define SIo 0xD6 /* SIO register location*/
#define PORTA 0xC8 /* PORT A location*/
#define IRPD 0xD2 /* IRPD register location*/
#define NOT_DONE I(*_Irpd & 0x04) /* DONE flag set if true*/
#define BFUN 0xF4 /* BFUN register*/
#define SK \
*.bfun & = OxBF \
*_bfun | = 0x40;
#define WR_EE (bytes, data) \
{ int i; \
\
SK; \
for(I=0; I < bytes; I+ +)\
{ \
*_sio = *data++; \
while (NOT.DONE) ; \
*.irpd & = O0xFB; \
} \
}
/* Global Definitions*/
char *_sio = SIO;
char *_iporta = PORTA;
char *_irpd = IRPD;
char *_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*/
{
SET_CS;
WR_EE (1, data);
SK3; /* get dummy bit*/

for (1 = 0; i < bytes; I ++){
*data ++ = *_sio;
while (NOT_DONE) ;
*_irpd & = OxFB;

}

DROP_CS;

FIGURE 6. HPC C Language Interface Routine
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H
;SNDBYT - SHIFTS 8 BITS OF DATA TO EEPROM

’

sTHIS ROUTINE SHIFTS A BYTE POINTED AT BY RO

sASSUMES CHIP SELECT ALREADY ACTIVE (HIGH)

.
’

SNDBYT MOV  B,#8 sLOAD SHIFT COUNT
MOV  A,@RO  ;GET BYTE
S.LOOP: RLC A sSHIFT
MOV  P2.0,C ;SEND BIT
CLR P2.2 35K
SETB P2.2 H
DJNZ B,S._LOOP;DONE?
RET

;WREEPROM - WRITE DATA TO EEPROM

’

;IHIS ROUTINE WRITES A SPECIFIED NUMBER OF BYTES TO THE

sEEPROM USING SNDBYT UTILITY ROUTINE. THE DATA IS POINTED AT
sBY THE RO REGISTER AND CONSISTS OF BYTE COUNT, OPCODE/REG ADDR
sAND DATA BYTES. DO IS SET HIGH TO AVOID CONTENTION.

’

WREEPROM: MOV  R2,@RO ;COPY BYTE COUNT
INC RO ;
SETB P2.1 sCHIP SELECT
CLR P2.2 sSTART BIT
SETB P2.2 H

WR_LOOP: LCALL SNDBYT sWRITE DATA BYTES
INC RO H
DJNZ R2,WR_LOOP;
SETB P2.0 sDEFAULT DO HIGH
CLR P.21 sDESELECT/PROGRAM
RET

FIGURE 8. 8051 Parallel Port Pin Interface—Write Routines

The MICROWIRE interface provides signals for SK, Sl and
SO0. 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.

Unlike the COP800 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.
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sRCVBYT - 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 iSK

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

’

sTHIS 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
sT0 A STRING CONTAINING THE BYTE COUNT FOLLOWED BY DATA BYTES

.
’

RDEEPROM: MOV  R2,@R0O ;COPY BYTE COUNT
PUSH RO 1SAVE POINTER
INC RO H
SETB P2.1 ;CHIP SELECT
CLR P2.2 sSTART BIT
SETB P2.2 H
LCALL SNDBYT 3SEND INSTRUCTION
SETB P2.0 sDEFAULT DO HIGH
CLR P2.2 ;sDUMMY BIT
SETB P2.2 H

RD_LOOP LCALL RCVBYT sGET DATA BYTES
INC RO H
DJNZ R2,RD.LOOP ;DONE?
POP RO ;RESTORE POINTER
CLR P2.1 sDESELECT
RET

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 interface are simi-
lar to those for the COPB00, 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 interface 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 interfaces 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 1/0 ports. The ports

are accessed through a special function register. The port
registers are bit addressable which facilitates their use in
this application. The minimum interface requires the use of
only three port pins. A pin for CS, SK, and one connected to
both DI and DO (see Figure 7). A two wire interface 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 DI and DO
because DO is placed in a high-Z condition during write op-
erations. During a read operation the DI pinis driven to send
the instruction to the EEPROM and DO outputs the dummy
bit (0) and data. To prevent contention DI 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-

3-119

L0G-NV




AN-507

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

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).
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;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

sA STRING IS RETURNED CONTAINING THE BYTE COUNT FOLLOWED BY DATA.

20S-NV

RDEEPROM:
PUSH RO sSAVE POINTER
Mov R2,@RO ;COPY BYTE COUNT
INC RO H
SETB  P2.1 sCHIP SELECT
CLR P3.1 ;SEND START BIT
SETB  P3.1 H
Mov SBUF 3SEND INSTRUCTION
JBC TI$ ;DONE?
CLR TI H
CLR P3.1 ;GET DUMMY BIT
SETB  P3.1 H
SETB  REN sGET DATA BYTES
RLOOP; JBC RI,$ sDONE?
CLR RI H
MoV @RO, SBUF ;
INC RO H
DJNZ  R2,RLOOP ;
CLR REN H
CLR P2.1 ;DESELECT
POP RO yRESTORE POINTER
RET

sWREEPROM - WRITE DATA TO EEPROM

H

;THE ROUTINE WRITES A SPECIFIED NUMBER OF BYTES T0 EEPROM

sPOINTED AT BY RO. ARGUMENTS INCLUDE BYTE COUNT AND OPCODE/ADDRESS

.
’

WREEPROM : MoV R2,@R0  ;COPY BYTE COUNT

INC RO ;
SETB  P2.1 ;CHIP SELECT
SETB  P3.0 ;START BIT
CLR  P3.1 ;
SETB  P3.1 ;

SLOOP: MOV SBUF,@R0 ;SEND DATA BYTES
INC RO ;
JBC  TI,$ ;DONE?
DJNZ  R2,SLOOP ;
CLR  P2.1 ;sDESELECT
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 (SCON) must be programmed by setting the SMO
and SM1 bits (bits 7 and 6) to 0. The serial clock runs at a
fixed rate of ¥4, 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 (T1) bit in SCON. 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 Rl or Tl 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 8-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 MC680x0 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 Il 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, writeable
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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sRCYBYT - 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 REGISIER.

RCVBYT: LDB  AH,#8 ;LOAD SHIFT COUNT
BOP.SK: ANDB P2,#FBH ;+STROBE SK

ORB  P2,#04H H

JBS P2,3,BIT_1 ;READ BIT

ANDB AL, #FEH

SJMP R_SHIFT

BIT.1: ORB AL, #01H H
R.SHIFT: SHLB AL,1l H
DECB AH ;DONE?
JNE  BOP_SK H
LDB (DX) ,AL ;SAVE DATA
RET

sRDEEPROM - READ DATA FROM EEPROM

»

+SI, SK, €S, 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 H
ORB  P2,#04 H
LCALL SNDBYT $SEND INSTRUCTION

ANDB P2,#FBH
ORB P2, #04H H

GET DUMMY BIT

RD_LOOP: LCALL RCVBYT ;GET DATA BYTES
INC DX H
DECB BL ;DONE?
JNE  RD_LOOP H
ANDB P2,#FDH ;DESELECT
POP DX ;RESTORE POINTER
RET

FIGURE 11. 8096 Port Pin interface Read Routines
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sSNDBYT - WRITE 8 BITS OF DATA TO PORT PIN

’

sTHIS ROUTINE WILL WRITE 8 BITS OF DATA TO THE PORT PIN. THE
sDATA 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_1 ;SEND BIT
ANDB P2,#FEH :
SIMP TOG_SK :
BITL: ORB  P2,#01H ;

TOG.SK:  ANDB P2,#FBH ;
ORB  P2,#04H ;
SHLB AL ;
DECB AH ;sDONE?
JNE  SLOOP
RET

;WREEPROM ~ WRITE DATA TO EEPROM

;SI, SK, CS, SO = P2[3..0]

sTHIS 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 ;
WR_LOOP:  LCALL SNDBYT ;SEND DATA BYTES
INC DX ;
DECB BL ;DONE?
JNE  WR_LOOP ;
WR_EXIT: 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 Products

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 7 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 (SiO5). A tunnel oxide which is less than 120 Ang-
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FIGURE 1. Cross Section of MOS
Floating Gate EEPROM

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.
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FIGURE 2. Equivalent Capacitances and Voltages
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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 (SiOy) is
about 9.05 eV. The energy difference between the same
two bands for silicon (Si) is approximately 1.1 eV. When the
SiO7 and the Si are joined together the conduction band of
the SiO; is 3.25 eV above the conduction band of the Si,
while the valence band of the SiO5 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 SiO» to the conduction band of the SiO, is very slight.
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1.1e¥
VALENCE BAND ST |

9.05eY

4.7eV
_L VALENCE BAND Si0,

TL/X/0006-3
FIGURE 3. Energy Band Diagram of the Si
and SiO3 System in its Neutral State
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Reliability of National Semiconductor’s EEPROM Products

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 SiO, 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
SiOy, 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 SiO; layer must be limited to a thickness
less than 120 Angstroms.
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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 |-V Characteristic

Device Operation

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 SiO; 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 SiO5 re-

gion. The electric field intensity across the tunneling SiO2
region is determined by the capacitive coupling ratio of the
cell.
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FIGURE 6. Write Operation

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.
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FIGURE 8. Read Operation

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 (Vi) 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.
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FIGURE 9. I-V Characteristics of Floating Gate EEPROM

INTRINSIC FAILURE MECHANISMS

EEPROMSs 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

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.
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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 EEPROMSs. 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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Reliability of National Semiconductor’'s EEPROM Products

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—21A per cycle.
Figure 11 shows a typical plot of logic margin vs. time for
EEPROMs.
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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 E, 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

reached. The wearout region is characterized by an increas-
ing failure rate as the device reaches the end of its useful
life.

INFANT
MORTALITY

RANDOM

FALURES ~ WEAROUT

FAILURE RATE

ERASE = WRITE CYCLING
TL/X/0006-15
FIGURE 12. Typical Failure Curve for
MOS Floating Gate EEPROM

Comparison to Other Technologies

CMOS static RAM devices with battery backup are often
used for non-volatile memory storage. While the CMOS de-
vice does not exhibit the wearout mechanisms associated
with EEPROM technology, the batteries associated with
them do. Nicke! 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.

N

B
———— ¢

D D SUB 30 A Si0,

MNOS

A CONTROL GATE

8 SigN4 (FLOATING GATE)

C SigN4 /510, INTERFACE STATES

TL/X/0006-16
FIGURE 13. Cross Section of Nitride EEPROM

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

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

RELIABILITY ASPECTS OF EEPROMSs 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 1.

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

Allowed
Test Sample Fail.
J Pkg. Operating Life 3x105 2/Lot
125°C 5% LTPD
1000 Hrs. (0.78 AQL)
Dynamic B-I at 5.5. All inputs exercised.
(Read, Disable, Read, Disable . . .)

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

Allowed
Test Sample Fall.
N Pkg. 1)
Operating Life 3x105 2/Lot
125°C 5% LTPD
1008 Hrs. (1.3 AQL)
2)
85/85 3x105 2/Lot

1008 Hrs 5% LTPD

’ (1.3 AQL)
3)

Autoclave 3x105 2/Lot
168 Hrs. 5% LTPD
(No Bias) (1.3 AQL)

4)
Blaz P;izsrure 3x105 /Lot
gg Hre 5% LTPD

(Static B-) (13AQL)

INCOMING MATERIAL

FABRICATION STATISTICAL QUALITY CONTROL
SAMPLE EACH WAFER FOR

WAFER=SORT ENDURANCE CHARACTERISTICS

ASSEMBLY STATISTICAL QUALITY CONTROL

ENDURANCE SCREEN

RETENTION BAKE=IN 24HRS. @ 150C

PARAMETRIC TEST TO SPECIFIED ENVIRONMENT

FUNCTIONAL TEST TO SPECIFIED ENVIRONMENT

ENDURANCE SURVEY 10,000 CYCLES

QUALITY ASSURANCE
SAMPLE

- O 10

TL/X/0006-18
FIGURE 15. Quality Control Steps for
National Semiconductor EEPROMs
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Reliability of National Semiconductor’s EEPROM Products

For EEPROMSs 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 16is anillus-
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
RATE) FAILURE RATE)

WEAROUT
(INCREASING
FAILURE RATE)

INFANT MORTALITY FAILURES

FAILURE RATE(A)

IMPROVE BY ENDURANCE
SCREENING PRIOR TO TIME =14

to Y t2
ERASE / WRITE CYCLING —»
TL/X/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.

IMPROVEMENT ATTRIBUTED TO REDUCTION
OF INFANT MORTALITY THROUGH BURN=IN.

Cf g

CUMULATIVE % FAILURES

to b ty
ERASE / WRITE CYCLING —
TL/X/0006-20

FIGURE 16. Improvements Attributed to National Semiconductor’s Endurance Screen
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Bipolar PROM Selection Guide

Non-Registered PROMs

Size Pins Part taa tea Ice Temperature
(Bits) | Organization | 55 Number (Max)inns | (Max)inns | (Max)inmA Celslus
256 32x8 OC 16 | DM54S188 45 30 110 —55°Cto +125°C
32x8 OC 16 | DM74s188 35 20 110 0°Cto +70°C
32x8 TS 16 | DMs4s28s 45 30 110 —55°Cto +125°C
32x8 TS 16 | DM74S288 35 20 110 0°Cto +70°C
32x8 OC 16 | DMs4S188A 35 30 110 —55°'Cto +125°C
32x8 OC 16 | DM74S188A 25 20 110 0°Cto +70°C
32x8 TS 16 | DM54S288A 35 30 110 —55°C o +125°C
32x8 TS 16 | DM74S288A 25 20 110 0°Cto +70°C
32x8 TS 16 | PL87X288B 15 12 140 0°Cto +70°C
1024 256 x4 OC 16 | DM54S387 60 30 130 ~55°Cto +125°C
256 x4 OC 16 | DM74s3s7 50 25 130 0°Cto +70°C
256 x4 TS 16 | DMs4s287 60 30 130 —55°C to +125°C
256 x4 TS 16 | DM74s287 50 25 130 0°Cto +70°C
256 x4 OC 16 | DMsas3s7a 40 30 130 —55°C to +125°C
256 x4 OC 16 | DM74s387A 30 20 130 0°Cto +70°C
256 x4 TS 16 | DMsas287A 40 30 130 —55°Cto +125°C
256 x4 TS 16 | DM74S287A 30 20 130 0°Cto +70°C
2048 512x4 OC 16 | DM54S570 65 35 130 —55'Cto +125°C
512x4 OC 16 | DM74s570 55 30 130 0°Cto +70°C
512x4 TS 16 | DMsass71 65 35 130 —55°'Cto +125°C
512x4 TS 16 | DM74s571 55 30 130 0°Cto +70°C
512x4 OC 16 | DM54S570A 60 35 130 —55°'Cto +125°C
512x4 OC 16 | DM74S570A 45 25 130 0°Cto +70°C
512x4 TS 16 | DMS4S571A 60 35 130 —55°Cto +125°C
512x4 TS 16 | DM74S571A 45 25 130 0°Cto +70°C
512x4 TS 16 | DMs54s571B 50 35 130 —55°Cto +125°C
512x4 TS 16 | DM74s5718 35 25 130 0°Cto +70°C
256x8 TS 20 | DMs4LS471 70 35 100 —55°'Cto +126°C
256x8 TS 20 | DM74LS471 60 30 100 0°Cto +70°C
4006 512x8 OC 20 | DM54s473 75 35 155 —565'Cto +125°C
512x8 OC 20 | DM74s473 60 30 155 0°Cto +70°C
512x8 TS 20 | DMs4s472 75 35 155 —55'Cto +125°C
512x8 TS 20 | DM74s472 60 30 155 0°Cto +70°C
512x8 OC 20 | DM54S473A 60 35 155 —55'C o +125°C
512x8 OC 20 | DM74S473A 45 30 155 0°Cto +70°C
512x8 TS 20 | DM54S472A 60 35 155 —55°Cto +125°C
512x8 TS 20 | DM74s472A 45 30 155 0°Cto +70°C
512x8 TS 20 | DM54S4728B 50 35 155 —55'Cto +125°C
512x8 TS 20 | DM74S4728 35 25 155 0°Cto +70°C
512x8 OC 24 | DM54S475 75 40 170 —55°Cto +125°C
512x8 OC 24 | DM74s475 65 35 170 0°Cto +70°C
512x8 TS 24 | DMs4S474 75 40 170 —55°Co +125°C
512x8 TS 24 | DM74S474 65 35 170 0°Cto +70°C
512x8 OC 24 | DM54S475A 60 35 170 —55°Cto +125°C
512x8 OC 24 | DM74S475A 45 25 170 0°Cto +70°C
512x8 TS 24 | DM54S474A 60 35 170 —55°Cto +125°C
512x8 TS 24 | DM74s474A 45 25 170 0°Clo +70°C
512x8 TS 24 | DM54S474B 50 35 170 —565°Cto +125°C
512x8 TS 24 | DM74S474B 35 25 170 0°Cto +70°C
1024 x4 OC 18 | DMs4ss572 75 45 140 —55°C to +125°C
1024 x4 OC 18 | DM74S572 60 35 140 0°C to +70°C
1024 x4 TS 18 | DMs4ss73 75 45 140 —55'Cto +125°C
1024 x4 TS 18 | DM74s573 60 35 140 0°Cto +70°C
1024x 4 OC 18 | DM54S572A 60 35 140 —55°C o +125°C
1024 x4 OC 18 | DM74S572A 45 25 140 0°Cto +70°C
1024 x4 TS 18 | DM54S573A 60 35 140 —55°C 1o +125°C
1024 x4 TS 18 | DM74S573A 45 25 140 0"Cto +70°C
1024x4 TS 18 | DMs4s573B 50 35 140 ~55°C 1o +125°C
1024 x4 TS 18 | DM74S573B 35 25 140 0°Cto +70°C
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Bipolar PROM Selection Guide

Non-Registered PROMs (Continued)

Size Pins Part taa tea lec Temperature
(Bits) | Oreanization | g Number (Max)inns | (Max)inns | (Max)inmA Celsius
8192 | 1024x8 TS 24 | 93z451 40 30 135 0°Cto +70°C

1024x8 OC 24 | DMm778180 75 35 170 —55'Cto +125°C
1024x8 OC 24* | DM775280 75 a5 170 —55'C o +125°C
1024 x8 OC 24 | DM87s180 55 30 170 0°Cto +70°C
1024x8 OC 24* | DM87S280 55 30 170 0°Cto +70°C
1024x8 TS 24 | DM77S181 75 35 170 ~56°Cto +125°C
1024x8 TS 24* | DM775281 75 35 170 ~55'Cto +70°C
1024x8 TS 24 | DMe7s181 55 30 170 0°Cto +70°C
1024x8 TS 24* | DM87s281 55 30 170 0°Cto +70°C
1024x8 TS 24 | DM77S181A 65 35 170 —55°Co +125°C
1024x8 TS 24 | DM87S181A 45 30 170 0°Cto +70°C
2048x 4 OC 18 | DM77S184 70 30 140 —55°Cto +125°C
2048x 4 OC 18 | DMs7s184 55 25 140 0°Cto +70°C
2048x 4 TS 18 | DM77S185 70 30 140 ~55°C o +125°C
2048x 4 TS 18 | DM87S185 55 25 140 0°Cto +70°C
2048x 4 TS 18 | DM77s185A 60 30 140 —55°Cto +125°C
2048x 4 TS 18 | DM87S185A 45 25 140 0°Cto +70°C
2048x 4 TS 18 | DM77s185B 50 30 140 —56°Cto +125°C
2048x 4 TS 18 | DMms7s1858 35 25 140 0°Cto +70°C
16384 | 2048x8 TS 24 | 937511 45 30 175 0°Cto +70°C
4096x 4 TS 20 | DM77s195A 60 35 170 —55°Cto +125°C
4096x 4 TS 20 | DM87S195A 45 25 170 0°Cto +70°C
4096 x 4 TS 20 | DM77s195B 50 30 170 —56°Cto +125°C
4096x 4 TS 20 | DM87S195B 35 25 170 0°Cto +70°C
65384 | 8192x8 TS 24 | 93z665 30 20 180 0°Cto +70°C
8192x8 TS 24 | 93z667 30 20 180 0°Cto +70°C

*24-Pin Narrow Dual-n-Line Package
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w
Registered PROMs 'g
Size Pins Part tsa :P"" (gt:) Icc Temperature 8
(Bits) | Organization | (DIP) Number (Min) in ns PHL(CLK) 1 () inmA Celslus 3
(Max) inns o)
4096 512x8 REG | 24* | DM77SRa74 55 30 185 —55°Cto +125°C | =
512x8 REG | 24* | DM77SR4748 40 25 185 -55'Cto +125°C | D
512x8 REG | 24* | DM87SR474 50 27 185 0°Cto +70°C o
512x8 REG | 24* | DM87SR474B 35 20 185 0°Cto +70°C e
512x8 REG | 24° DM77SR476 56 30 185 -56°Cto +126°C | §
512x8 REG | 24* DM77SR476B 40 25 185 -56°Cto +125C | ¢
512x8 REG | 24* | DM77SR27 55 30 185 -55'Cto +125°C | €,
512x8 REG | 24* | DM77SR278 40 25 185 —55Cto +125°C | &
512x8 REG | 24* | DM87SR476 50 27 185 0°Cto +70°C
512x8 REG | 24* | DMB87SR476B 35 20 185 0°Cto +70°C
512x8 REG | 24* | DMB87SR27 50 27 185 0°Cto +70°C
512x8 REG | 24* | DM87SR27B 35 20 185 0°Cto +70°C
8192 1024x8 REG | 24* | DM77SR181 50 30 175 —55°Cto +125°C
1024x8 REG | 24 DM87SR181 40 20 175 0°Cto +70°C
1024x8 REG | 24* DM77SR183 45 30 185 -55°Cto +125°C
1024x8 REG | 24 DM87SR183 40 25 185 0°Cto +70°C
1024x8 REG | 24* DM77SR183B 40 25 185 -55°Cto +125°C
1024x8 REG | 24* | DM87SR183B 35 20 185 0°Cto +70°C
16384 | 2048x8 REG | 24* DM77SR191 25 15 190 -55°Cto +125°C
2048x8 REG | 24* DM87SR191 18 10 190 0°Cto +70°C
2048x8 REG | 24* DM77SR193 25 15 190 ~55°Cto +125°C
2048x8 REG | 24* | DMB87SR193 18 10 190 0°Cto +70°C

*24-Pin Narrow Dual-In-Line Package
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PL87X288B

National
Semiconductor

PL87X288B

(32 x 8) 256-Bit TTL Logic PROMs

General Description

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

PROMSs are shipped from the factory with lows in all loca-

tions. A high may be programmed into any selectad location
by following the programming instructions.

Features
W 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
B PNP inputs for reduced input loading
® All DC and AC parameters guaranteed over
temperature
& Low voltage TRI-SAFE™ programming

B >2000V input protection for electrostatic discharge

m TRI-STATE outputs

Block Diagram
Ad —
32
AS—1 Term 256 BIT OR ARRAY
x2—] FXep fuml)y PROVIDING
Al — AND ALL 32 PRODUCT TERMS
ARRAY
A0 —
| | 1 1 | ] | |
61 BurFeR »| sur BUF BUF BUF BUF BUF BUF BUF
| I i | | 1 | |
Q7 Q6 Q5 Q4 Q3 Q2 o Qo
Pin Names
AO-A4 Addresses
G Output Enable
GND Ground
Qo0-Q7 Outputs
Vee Power Supply

TL/D/6747-1
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Connection Diagrams

§88¢X.81d

Dual-In-Line Package Plastic Leaded Chip Carrier (PLCC)
L\ 582 B
Q01 16 =V 1 1111
Q-2 156 3 2 12019
Q2=—3 14—A4 Q-4 18— A4
Q3—4 13=A3 Q-5 17— A3
Q415 12—=A2 NC—16 16 p—=NC
A5=—16 1p=A1 Q4 —7 15— A2
Q6—7 10 —~A0 Q5=—18 14~ A1
GND—18 9l-q7 9 10 11 12 13
LU
0o 0O O~ o
TL/D/6747-2 o 5 ZzZ O <
Top View TL/D/6747-9
Order Number PL87X288BJ or PL87X288BN Top View
See NS Package Number J16A or N16A Order Number PL87X288BV
See NS Package Number V20A
Ordering Information
Commercial Temperature Range
0°Cto +70°C
Parameter/Order Number Max Access Time (ns)
PL87X288BN 15
PL87X288BJ 15
PL87X288BV 15




PL87X288B

Absolute Maximum Ratings

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units

contact the National Semiconductor Sales Office/ Supply Voltage (Vo)

Distributors for avallability and specifications. PL87X288B 4.75 5.25 v

Supply Voltage (Note 2) —0.5to0 +7.0V Ambient Temperature (Ta)

Input Voltage (Note 2) —-1.2t0 +5.5V PL87X288B Y +70 °C

Output Voltage (Note 2) —05t0 +5.5V Logical “0" Input Voltage Y 0.8 v

Storage Temperature —65to +150°C Logical “1” Input Voltage 20 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

IiL Input Load Current Vee = Max, Viy = 0.4V —80 —-250 pA

iy Input Leakage Current Vee = Max, VN = 2.7V 25 nA
Vce = Max, VN = 5.5V 1.0 mA

VoL Low Level Output Voltage Vee = Min, gL = 24mA 0.35 0.50 1%

ViL Low Level Input Voltage (Note 7) 0.80 v

ViH High Level Input Voltage (Note 7) 2.0 v

Ve Input Clamp Voltage Voo = Min, iy = —18 mA —-0.8 -1.5 v

C Input Capacitance Vce = 5.0V, V|y = 2.0V 40 F
Ta = 25°C, 1 MHz : P

Co Output Capacitance Vee = 5.0V, Vp = 2.0V 6.0 F
Ta = 25°C, 1 MHz, Outputs Off . P

Icc Power Supply Current Vce = Max, Input Grounded 110 140 mA
All Outputs Open

los Short Circuit Vo = 0V, Voo = Max _ _

Output Current (Note 4) 30 130 mA
loz Output Leakage Vce = Max, Vo = 0.4Vto 2.4V 100 A
(TRI-STATE) Chip Disabled —100 i
VoH Output Voltage High loy = —3.2mA 24 3.2 \"

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 Vcc = 5.0V and Tp = 25°C.
Note 4: During Iog measurement, only one output at a time should be grounded. Permanent damage may otherwise resuilt.
Note 5: C_ = 50 pF.
Note 6: C| = 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 1oad and operating conditions

Symbol Parameter ;5:\53 PL87X2858 Units
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

888¢X.281d




PL87X288B

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 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 V¢ and temperature.
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National
Semiconductor

DM54/74S5188
(32 x 8) 256-Bit TTL PROM

General Description Features

This Schottky memory is organized in the popular 32 words B Advanced titanium-tungsten (Ti-W) fuses
by 8 bits configuration. A memory enable input is provided  m Schottky-clamped for high speed

881S¥./881SYSWNA

to control the output states. When the device is enabled, the Address access down to—25 ns max
outputs represent the contents of the selected word. When Enable access—20 ns max

disabled, the 8 outputs go to the “OFF" or high impedance Enable recovery—20 ns max

state. B PNP inputs for reduced input loading
PROMs are shipped from the factory with lows in all loca- & All DC and AC parameters guaranteed over
tions. A high may be programmed into any selected location temperature

by following the programming instructions. m Low voltage TRI-SAFETM programming

m Open-collector outputs

Block Diagram

M Pin Names
A — 256BIT ARRAY -
g ] =) By 4A AO-Ad Addresses
A - MEMORY MATRIX G Output Enable
a0 —
OECODER GND Ground
Qo-Q7 Outputs
e
BUF BUF BUF BUF BUF 8UF BUF BUF Vee Power Supply

ENABLE
BUFFER g7 gg 05 Q4 @ 0 Q o

TL/D/9187-1




DM545188/745188.

Connection Diagrams

Dual-In-Line Package

/
Qo—{1 16 =Vee
Q1 —f2 154~G
Q23 14F=A4
Q3—14 13=A3
Q415 12=A2
Q5=—46 11f=A1
Q6—47 10 =A0
GND—8 97
TL/D/9187-2
Top View

Order Number DM54/74S188J, 188AJ,
DM74S188N or 188AN
See NS Package Number J16A or N16A

Ordering Information

Plastic Leaded Chip Carrier (PLCC)

582 3.
| I I
3 2 1 2 19
02—14 18— A4
Q3 =45 17=A3
NC—6 16— NC
Q47 15— A2
Q5—8 14 At
9 10 11 12 13
UL LU
82252
(&3
Top View

Order Number DM74S188V or 188AV

See NS Package Number V20A

Commercial Temp Range (0°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

TL/D/9187-3
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o
Absolute Maximun Ratings (note 1) Operating Conditions §
It Military/Aerospace specified devices are required, Min Max Units (7]
contact the National Semiconductor Sales Office/ Supply Voltage (Vce) =
Distributors for availability and specifications. Military 4.50 5.50 \ Q
Supply Voltage (Note 2) —0.5Vto +7.0V Commercial 4.75 5.25 \ z
Input Voltage (Note 2) —-1.2Vto +5.5V Ambient Temperature (Ta) 9
Output Voltage (Note 2) —0.5Vto +5.5V Military —55 +125 °C 8
Storage Temperature —65°Cto +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 20 5.5 \"
DC Electrical Characteristics (ote3)
Symbol Parameter Conditions DM54S188 DM745188 Units
Min | Typ Max | Min | Typ Max
e Input Load Current Voo = Max, Viy = 0.45V —80 | —250 —80 | —250 | nA
M Input Leakage Current Vee = Max, Viy = 2.7V 25 25 pA
Vec = Max, V|y = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Voc = Min, lg. = 16 mA 0.35 | 0.50 0.35 | 0.45 \
V|L (Note 4) | Low Level Input Voltage 0.80 0.80 \
ViH (Note 4) | High Level Input Voltage 2.0 20 \
loz Output Leakage Current Vee = Max, Veex = 2.4V 50 50 pA
(Open-Collector Only) v = Max, Vex = 5.5V 100 100 | pA
Ve Input Clamp Voltage Ve = Min, Iy = —18 mA -08| —1.2 -08 | —1.2 \']
C Input Capacitance Vec = 5.0V, V|y = 2.0V
Ta = 25°C, 1 MHz 40 4.0 PF
Co Output Capacitance Vco = 5.0V, Vg = 2.0V 6.0 6.0 PF
Ta = 25°C, 1 MHz, Outputs Off
lec Power Supply Current Vcc = 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 Vg = 5.0V and Ty = 25°C.

Note 4: These are absolute voltages with respect to pin 8 on the device and include all overshoots duse 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 (0°C to +70°C)

JEDEC DM74S188 DM74S188A
Symbol Symbol Parameter Units
ymbo 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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DM545188/74S188

AC Electrical Characteristics with Standard Load and Operating Conditions (Continued)

MILITARY TEMP RANGE (—55°C to +125°C)

Symbol ‘slfgigl Parameter DMS545188 DM545188A Units
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 TEVQX Output Enable Time 15 30 15 30 ns

™2 TEXQZ Output Disable Time 15 35 15 30 ns

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 PROMSs 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 Vcc and temperature.
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National
Semiconductor

DM54/74S5288 (32 x 8)
256-Bit TTL PROM

General Description Features
This Schottky memory is organized in the popular 32 words ~ ® Advanced titanium-tungsten (Ti-W) fuses
by 8 bits configuration. A memory enable input is provided  m Schottky-clamped for high speed

882SY.INQA/882SYSNA

to control the output states. When the device is enabled, the Address access down to—25 ns max
outputs represent the contents of the selected word. When Enable access—20 ns max

disabled, the 8 outputs go to the “OFF" or high impedance Enable recovery—20 ns max

state. | PNP inputs for reduced input loading
PROMs are shipped from the factory with lows in all loca- ® All DC and AC parameters guaranteed over
tions. A high may be programmed into any selected location temperature

by following the programming instructions. m Low voltage TRI-SAFE™ programming

| TRI-STATE® Outputs

Block Diagram

A4
im I 255BIT ARRAY
A2 % 2x8
M MEMORY MATRIX
A0
DECODER
‘1 MoHeHuHoHeHeHe
BUF BUF
NABLE
BUFFER g7 8 05 04 3 @ o 0
TL/D/8360-1
Pin Names
AO-A4 Addresses
G Enable
GND Ground
Qo-Q7 Outputs
Vee Power Supply
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DM545288/DM745288

Connection Diagrams

Dual-In-Line Package Plastic Leaded Chip Carrier (PLCC)
- o 8
L ikl
a1—{2 15}=6 32 12019
Q23 14-A4 02—4 18— A4
Q3—14 13[=A3 Q3—15 17— A3
Q4—5 12=A2 NC=—16 16 =NC
Q56 11=A1 Q4—7 15— A2
Q6—7 10}=A0 Q5—18 14— A1
GND—1 8 9f—q7 9 10 11 12 13
Fer i
TL/D/8360-2 & g 252
Top View TL/D/8360-7
Order Number DM54/74S288J, 288AJ or Top View
DM74S288N, 288AN Order Number DM74S288V or 288AV
See NS Package Number J16A or N16A See NS Package Number V20A

Ordering Information
Commerclal Temp Range (0°C to -+ 70°C)

Parameter/Order Number Max Access Time (ns)
DM74S288N 35
DM74S5288J 35
DM74S288V 35
DM74S288AN 25
DM74S288AJ 25
DM74S288AV 25

Military Temp Range (—55°C to + 125°C)

Parameter/Order Number Max Access Time (ns)
DM54S288J 45
DM54S288AJ 35
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=)
. . . age =
Absolute Maximum Ratings (ote 1) Operating Conditions &
If Military/Aerospace specified devices are required, Min Max Units (723
contact the National Semiconductor Sales Office/ Supply Voltage (Vo) 3
Distributors for availability and specifications. Military 4.50 5.50 v Q
Supply Voltage (Note 2) ~0.5Vto +7.0V Commercial 4.75 5.25 v g
Input Voltage (Note 2) —1.2Vto +5.5V A"hlﬁb:?m Temperature (Ta) s 125 o S
_ ilitary - + ° F
;):nput V_?Itage (Ntote 2 6502\1/ t‘:::osg Commercial 0 +70 °C ‘,G
L on:qgre empTra ur; dering. 10 0 300°C Logical “0” Input Voltage 0 0.8 \ 8
ca gmpera ure (So ?nng, sec,) Logical “1” Input Voltage 2.0 5.5 \
ESD rating to be determined
DC Electrical Characteristics (Note 3)
Symbol Parameter Conditions DMS545288 DM745288 Units
Min | Typ | Max | Min | Typ | Max
I Input Load Current Vce = Max, VN = 0.45V —80 | —250 —80 | —250 | pA
IIH Input Leakage Current Vecc = Max, VN = 2.7V 25 25 pA
Voo = Max, VN = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Voo = Min, loL. = 16 mA 0.35 [ 0.50 0.35 | 0.45 \
ViL (Note 4) | Low Level Input Voltage 0.80 0.80 \
ViH (Note 4) | High Level Input Voltage 2.0 2.0 \
Ve Input Clamp Voltage Vee = Min, iy = —18 mA -0.8| —1.2 —-08 | —-1.2 v
G Input Capacitance Vce = 5.0, V)y = 2.0V
Ta = 25°C, 1 MHz 40 40 pF
Co Output Capacitance Vce = 5.0V, Vg = 2.0V 6.0 6.0 E
Ta = 25°C, 1 MHz, Outputs Off - i P
Icc Power Supply Current Ve = Max, Input Grounded 70 110 70 110 mA
All Outputs Open
los Short Circuit Vo = 0V, Vg = Max _ _ _ _
Output Current (Note 5) 20 70 20 0 mA
loz Output Leakage Voec = Max, Vo = 0.45V to 2.4V +50 +50 MA
(TRI-STATE) Chip Disabled —50 —50 pA
VoH Output Voltage High lon = —2.0mA 24 3.2 \)
lon = —6.5mA 2.4 3.2 \
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 p ing. For the prog ing ratings, refer to the programming instructions.
Note 3: These limits apply over the entire operating range uniess stated otherwise. All typical values are for Vcc = 5.0V and Tp = 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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DM545288/DM745288

AC Electrical Characteristics with Standard Load and Operating Conditions

COMMERCIAL TEMPERATURE RANGE (0°C to +70°C)

Symbol Parameter ;EDEC DM745288 DM74S288A Units
ymbol 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 ;5:‘55' Parameter DM545288 DMS545288A Units
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

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 (PROMSs)
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 V¢ and temperature.
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National
Semiconductor

DM54/74S287
(256 x 4) 1024-Bit TTL PROM

General Description Features

This Schottky memory is organized in the popular 256 M Advanced titanium-tungsten (Ti-W) fuses
words by 4 bits configuration. Memory enable inputs are  ® Schottky-clamped for high speed

/82SY/INA/.82SYSINA

provided to control the output states. When the device is Address access—down to 30 ns max
enabled, the outputs represent the contents of the selected Enable access—20 ns max

word. When disabled, the 4 outputs go to the “OFF" or high Enable recovery—20 ns max
impedance state. ® PNP inputs for reduced input loading
PROMs are shipped from the factory with lows in all loca- m All DC and AC parameters guaranteed over
tions. A high may be programmed into any selected location temperature

by following the programming instructions. m Low voltage TRI-SAFET™ programming

W >2000V input protection for electrostatic discharge
m TRI-STATE® outputs

Block Diagram

AT —
A6 — 1024-BIT ARRAY Pin Names
B— 1 =g 2 xR
4 — 2 MEMORY MATRIX A0-A7 Addresses
A3 G1,G2 Output Enables

DECODER l l GND Ground
A2 ————— 1 1 1 Q0-Q3 Outputs
Al ———] 8 L) 8

V, Power Suppl
A mux |— mux | mux | mux ce PPy
] |

iy
—_ == 1 —1
G2 —f
2 BUF BUF BUF BUF

ENABLE ] | | |

GATE a3 Q2 a1 Qo0

TL/D/8359-1
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DM545287/DM74S5287

Connection Diagrams

Dual-In-Line-Package

TL/D/8359-2
Top View

Order Number DM54/745287J, 287AJ,
DM74S287N or 287AN
See NS Package Number J16A or N16A

Ordering Information

Plastic Leaded Chip Carrier (PLCC)

2gg Sy
L1 1 1.4
32 1 20 19
Ad—{4 1862
A3—5 17p= 61
A0—|6 16— Qo0
At =7 15f-nc
A28 14401
9 10 11 12 13
LU
22288
o
Top View

Order Number DM74S287V or 287AV

See NS Package Number V20A

Commercial Temp Range (0°C to +70°C)

Parameter/Order Number Max Access Time (ns)

DM745287AJ 30
DM74S287J 50
DM74S287AN 30
DM74S287N 50
DM74S287AV 30
DM745287V 50

Military Temp Range (—55°C to + 125°C)

Parameter/Order Number Max Access Time (ns)

DM545287AJ

40

DM545287J

60

TL/D/8359-7
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o
. . . egs =
Absolute Maximum Ratings (Note 1) Operating Conditions &
If Military/Aerospace specified devices are required, Min Max Units (723
contact the National Semiconductor Sales Office/ Supply Voltage (Vo) .,'*g
Distributors for avallability and specifications. Military 4.50 5.50 ' Q
Supply Voltage (Note 2) ~0.5t0 +7.0V Commercial 475 5.25 v g
Input Voltage (Note 2) —1.2Vto +5.5V An,:/lb:ent Temperature (Ta) 55 125 c b~
_ ilitary - ° =
gtutp ut V.?Itage (Ntote 2 6502\: ti::;g Commercial 0 70 °C ‘,e
orage fempera ur‘e 0 Logical “0” Input Voltage 0 0.8 \ 2"
Lead Temp. (Soldering, 10 seconds) 300°C L aam
Logical “1" Input Voltage 2.0 55 \)
ESD >2000V
DC Electrical Characteristics (note 3)
Symbol Parameter Conditions DMS45287 DM745287 Units
Min | Typ | Max | Min | Typ Max
I Input Load Current Vcc=Max, Viy=0.45V —80 [ —250 —80 [ —250 | pA
IiH Input Leakage Current Vec=Max, ViN=2.7V 25 25 nA
Veoc=Max, ViN=5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Vcg=Min, lo. =16 mA 0.35 | 0.50 0.35 | 0.45 \]
ViL (Note 4) | Low Level Input Voltage 0.80 0.80 \
ViH (Note 4) | High Level Input Voltage 2.0 2.0 Vv
Ve Input Clamp Voltage Veo=Min, [y=—18 mA -08| —1.2 —-08| —1.2 \
C Input Capacitance Vec=5.0V, Viy=2.0V
TA=25°C, 1 MHz 40 4.0 PF
Co Output Capacitance Vec=5.0V,Vp=2.0V 6.0 6.0 F
Ta=25°C, 1 MHz, Outputs Off ' : P
Icc Power Supply Current Vco=Max, Inputs Grounded 80 130 80 130 mA
All Qutputs Open
los Short Circuit Vo=0V, Vcc=Max _ _ _ _
Output Current (Note 5) 20 70 20 70 mA
loz Output Leakage Voo =Max, Vo =0.45V to 2.4V +50 +50 HA
(TRI-STATE) Chip Disabled —50 —50 pA
VoH Output Voltage High loH=—2.0mA 24 3.2 \"
loH=—6.5mA 2.4 3.2 \
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
thess 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 Vog = 5.0V and Tp = +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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DM54S287/DM74S287

AC Electrical Characteristics with Standard Load and Operating Gonditions

COMMERCIAL TEMP RANGE (0°C to +70°C)

DM745287 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)
DM545287 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

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 Vgg and temperature.
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National
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.

Features

W Advanced titanium-tungsten (Ti-W) fuses

m Schottky-clamped for high speed
Address access—down to 30 ns max
Enable access—20 ns max
Enable recovery—20 ns max

m PNP inputs for reduced input loading

®m All DC and AC parameters guaranteed over tempera-

ture
m Low voltage TRI-SAFE™ programming
m Open-collector outputs

Block Diagram

A
] 10R24BIT ARRAY
A5 32 x 32
M MEMORY MATRIX
[
DECODER
A2 | 1 1 1
Al [ 8 8 §
A Mux_j—4 Mux | mux }—{ mux
(5]
G2
BUF | | Bur BUF BUF
ENABLE
GATE a3 02 a1
TL/D/9188-1
Pin Names
AO-A7 Addresses
G1-G2 Output Enables
GND Ground
Q0-Q3 Qutputs
Vee Power Supply
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DM54S387/DM74S387

Connection Diagrams

Dual-In-Line Package

./
A6—{1 16 = Vee
A5~2 15}=a7
Ad—{3 14~62
A3—]4 13=Gi
A0—{5 12=Q0
Al—]6 11}=q1
a2—7 10~Q2
GND—18 9l=aq3

TL/D/9188-2
Top View

Order Number DM54/74S387J, 387AJ,
DM74S387N, 387AN
See NS Package Number J16A or N16A

Ordering Information

Plastic Leaded Chip Carrier (PLCC)

22g 8y

O |

3 2 12019
AMd—4 18— G2
A3—5 1761
A0—6 16— Q0
A—{7 15=Nc
A28 14—a1

9 10 11 12 13

oo om

zgzoo

Top View

Order Number DM74S387V, 387AV

See NS Package Number V20A

Commercial Temp Range (0°C to +70°C)

Parameter/Order Number | Max Access Time (ns)
DM74S387AJ 30
DM748387J 50
DM74S387AN 30
DM74S387N 50
DM74S387AV 30
DM74S387V 50

Military Temp Range (—55°C to + 125°C)

Parameter/Order Number

Max Access Time (ns)

DM54S387AJ

40

DM548387J

60

TL/D/9188-3
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Absolute Maximum Ratings (Nots 1) Operating Conditions &
If Military/Aerospace specified devices are required, Min Max Units wn
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) g
Distributors for availability and specifications. Military 4.50 5.50 \ Q‘
Supply Voltage (Note 2) —-0.5Vto + 7.0V Commercial 475 525 v g
Input Voltage (Note 2) —1.2Vto +5.5V Ar:;):ent Temperature (Ta) 5 4125 . N
_ ilitary - °
gtutput V;Itage (Ntole 2 6;3\: ti-::o?; Commercial 0 70 °C 8
L or:g-e em;;erlz ur'e 10 " ° 300°C Logical “‘0” Input Voltage 0 0.8 \ 3
ead Temp. (Soldering, 10 seconds) Logical “1” Input Voltage 2.0 55 v
ESD >2000V
DC Electrical Characteristics (Note 3)
Symbol Parameter Conditions DM545387 DM745387 Units
Min | Typ Max | Min | Typ | Max
IiL Input Load Current Vee = Max, Viy = 0.45V —80 | —250 —80 | —250 | pA
I Input Leakage Current Voo = Max, Viy = 2.7V 25 25 nA
Vce = Max, Viy = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Vcg = Min, g = 16 mA 0.35 | 0.50 0.35 | 0.45 \']
ViL (Note 4) | Low Level Input Voltage 0.80 0.80 \"
ViH (Note 4) | High Level Input Voltage 2.0 2.0 \
loz Output Leakage Current Vco = Max, Vgex = 2.4V 50 50 pA
(Open-Collector Only) Ve = Max, Vogx = 5.5V 100 100 | pA
Ve Input Clamp Voltage Vg = Min, iy = —18mA ~-08| —1.2 -08| —1.2 \
C Input Capacitance Vee = 5.0V, Viy = 2.0V
T = 25°C, 1 MHz 40 40 PF
Co Output Capacitance Vee = 6.0V, Vg = 2.0V
Ta = 25°C, 1 MHz, Outputs Off 6.0 6.0 PF
Icc Power Supply Current Vce = 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 Vg = 5.0V and Tp = +25°C.

Note 4: These ara 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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DM545387/DM74S387

AC Electrical Characteristics with Standard Load and Operating Conditions

COMMERCIAL TEMP RANGE (0°C to +70°C)

Symbol Parameter JEDEC Symbol DM745387 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 DMS54S387 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

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 PROMSs 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 Vgg and temperature.
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Semiconductor

DM54/74L.5471
(256 x 8) 2048-Bit TTL PROM

General Description

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

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

Features

m Advanced titanium-tungsten (Ti-W) fuses

m Schottky-clamped for high speed
Address access down to—60 ns max
Enable access—30 ns max
Enable recovery—30 ns max

m PNP inputs for reduced input loading

m All DC and AC parameters guaranteed over tempera-

ture
m Low voltage TRI-SAFETM programming
m TRI-STATE® outputs

Block Diagram

A7 —
! 2048BIT ARRAY
65 g 32 x 64
A5 — MEMORY MATRIX
A0
Al
DECODER l
A ——— 1 1 1 ! L ! !
A3 ————od 8 8 8 [ 8 8 8
[y pp— T Mux Mux MUX MUX MUX MUX
I |
G_l -
5 - ) sur -ﬂ BUF [ BUF 'j BUF [~ BUF [—] BUF [~ BUF [ BUF
ENABLE
GATE Q7 Qa6 a5 a4 a3 Q2 Q1 Qao
TL/D/9190-1
Pin Names
AO-A7 Addresses
G1-G2 Output Enables
GND Ground
Qo-Q7 Outputs
Vee Power Supply

4-
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DM54LS471/DM74LS471

Connection Diagrams

Dual-In-Line Package

./

A0O—{1 20 [
Al] 2 19

A2—{3 18~
A3=—14 17k
Ad—15 16~
Q0—46 15~
Q=7 14~-
Q248 13~
Q3—9 12~
GND=—110 1=

Top View

Order Number DM54/74L.S471J or DM74LS471N

See NS Package Number J20A

Ordering Information

Plastic Leaded Chip Carrier (PLCC)

v gz2Sx
cc L1 1.1
A7 _ 3 2 1 2019
AS A3 =4 18} a6
AS A4 =15 17 A5
Gz Q=6 16} G2
Gl a7 15} Gi
Q7 028 14~-q7
Q6 9 10 11 12 13
05 LA

o Z O O O
Q4 o

TL/D/9190-2 Top View

Order Number DM74LS471V
See NS Package Number V20A
or N20A

Commercial Temp Range (0°C to +70°C)

Parameter/Order Number Max Access Time (ns)

DM74LS471N 60
DM74L8471J 60
DM74LS471V 60

Military Temp Range (—55°C to + 125°C)

Parameter/Order Number Max Access Time (ns)

DM54LS471J 70

TL/D/9190-3
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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 (V)
Distributors for avallabllity and specifications. Military 4.50 5.50 \"
Supply Voltage (Note 2) —0.5Vto +7.0V Commercial 4.75 5.25 v
Input Voltage (Note 2) —1.2Vto +5.5V A“;Zﬁ::yTempe' ature (Ta) 5 4125 G
i -
Output Voltage (Note 2) —0.5Vto +5.5V Commercial 0 +70 c
Storage Temperature —65°Cto +150°C Logical “0" Input Voltage 0 0.8 Vv
Lead Temp. (Soldering, 10 seconds) 300°C Logical “1” Input Voltage 2.0 55 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 (ote 1)
Symbol Parameter Conditions DMS4LS471 DM741.5471 Units
Min | Typ Max | Min | Typ Max
L Input Load Current Vce = Max, Viy = 0.45V —-80 | —250 —80 | —250 | pA
i1 Input Leakage Current Voo = Max, Viy = 2.7V 25 25 rA
Vce = Max, Viy = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Voo = Min, loL = 16 mA 0.35 | 0.50 0.35 | 0.45 \2
ViL Low Level Input Voltage 0.80 0.80 \
ViH High Level Input Voltage 2.0 2.0 \'
Ve Input Clamp Voltage Vee = Min, Iy = —18 mA —08| —1.2 -08] —1.2 \'
C Input Capacitance Vce = 5.0V, V|y = 2.0V
Ta = 25°C, 1 MHz 4.0 4.0 PF
Co Output Capacitance Vece = 5.0V, Vo = 2.0V 6.0 6.0 F
Ta = 25°C, 1 MHz, Outputs Off i i P
lec Power Supply Current Vce = Max, Inputs Grounded
All Outputs Open 75 100 75 100 mA
los Short Circuit Vo = 0V, V¢gc = Max _ _ _ _
Output Current (Note 2) 20 70 20 70 mA
loz Output Leakage Vece = Max, Vg = 0.45V to 2.4V +50 +50 MA
(TRI-STATE) Chip Disabled —50 _50 uA
VoH Output Voltage High loH = —2.0mA 2.4 3.2 \
loy = — 6.5mA 2.4 3.2 \
Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vog = 5.0v and Ta = 25°C.
Note 2: During lgg 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 DMS54LS471 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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DM54LS471/DM74LS471

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 (PROMSs)
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 Vgc and temperature.
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DM54/74S472
(512 x 8) 4096-Bit TTL PROM

General Description Features

This Schottky memory is organized in the popular 512 B Advanced titanium-tungsten (Ti-W) fuses
words by 8 bits configuration. A memory enable inputis pro- W Schottky-clamped for high speed

cLPSY.LNQ/eLYSYSHA

vided to control the output states. When the device is en- Address access down to—35 ns max
abled, the outputs represent the contents of the selected Enable access—25 ns max

word. When disabled, the 8 outputs go to the “OFF"” or high Enable recovery—25 ns max

impedance state. W PNP inputs for reduced input loading
PROMs are shipped from the factory with lows in all loca- ® All DC and AC parameters guaranteed over
tions. A high may be programmed into any selected location temperature

by following the programming instructions. B Low voltage TRI-SAFET™ programming

B TRI-STATE® outputs

Block Diagram

A8
" ! 4096:BIT ARRAY
nl= = 64 x B4
= MEMORY MATRIX
A0 — Pin Names
Al
DECODER l l AO-A8 Addresses
A2 1 | ] 1 | 1 1 | G Output Enable
Me——— 8 | & B 8 ] ] () ]
24— wux }—{ mux_f— mux =] mux |~ mux f— mux = mux j— mox GND Ground
] Q0-Q7 Outputs
_ Vee Power Supply
7 - - - - - - -
BUF BUF BUF BUF BUF BUF BUF BUF
ENABLE [ ] |
BUFFER a7 a6 05 04 03 a2 al 0

TL/D/9191-1
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DM54S472/DM745472

Connection Diagrams

Dual-In-Line Package Plastic Leaded Chip Carrier (PLCC)

IV | ~ 20 = Ve ?T?TS?

n—2 19 }—A8 3 2 1 20 19

a3 18}-a7 A3 {4 18|~ A7

A3—4 17}-4s A ~Is 1746

M5 T = e 16}= s

co—{s 150-5 ot —{7 155

Q17 14]~a7 028 1ula

a2—8 13}-as 9 10 11 12 13

39 12}-as UL AL

GND—{10 11%04 °c5e°°

TL/D/9191-3
TL/D/9191-2 Top View
Top View Order Number DM74S472V, 472AV, 472BV

Order Number DM54/745472J, 472AJ, 472BJ See NS Package Number V20A

DM74S472N, 472AN, 472BN
See NS Package Number J20A or N20A

Ordering Information
Commercial Temp Range (0°C to +70°C)

Parameter/Order Number Max Access Time (ns)

DM748472AN 45
DM74S472BN 35
DM748472N 60
DM748472AJ 45
DM745472BJ 35
DM74S472J 60
DM74S472AV 45
DM74S5472BV 35
DM748472V 60

Military Temp Range (—55°C to + 125°C)

Parameter/Order Number Max Access Time (ns)

DM545472AJ 60
DM548472BJ 50
DM548472J 75
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Absolute Maximum Ratings (ote 1) Operating Conditions a
If Military/Aerospace specifled devices are required, Min Max Units (7]
contact the Natlonal Semiconductor Sales Office/ Supply Voltage (Vce) f,
Distributors for availability and specifications. Military 4.50 5.50 v '\\-’
Supply Voltage (Note 2) —0.5Vto +7.0V Commercial 475  5.25 v g
Input Voltage (Note 2) —1.2Vto +5.5V Ambient Temperature (Ta) N
Output Voltage (Note 2) —0.5V10 +5.5V Miktery ot e 7]
Storage Temperature —65°Cto +150°C . mn_t . ! ﬁ
L.ead Temp. (Soldering, 10 seconds) 300°C Logical “0" Input Voltage 0 08 v
ESD to be determined Logical *“1” Input Voltage 20 5.5 \
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 DMS545472 DM74S472 Units
Min | Typ Max | Min | Typ Max
I Input Load Current Vee = Max, Viy = 0.45V —80 | —250 —80 | —250 | pA
I Input Leakage Current Vee = Max, Vi = 2.7V 25 25 pA
Veoe = Max, Viy = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Vo = Min, lgL = 16 mA 0.35 | 0.50 0.35 | 0.45 \'/
Vi Low Level Input Voltage 0.80 0.80 Vv
VIH High Level Input Voltage 2.0 2.0 \']
Vo Input Clamp Voltage Vee = Min, iy = —18 mA -08| —1.2 -08 | —1.2 \'
C Input Capacitance Vee = 5.0V, V)y = 2.0V
A 4,
Th = 25°C, 1 MHz 4.0 0 pF
Co Output Capacitance Vece = 5.0V, Vp = 2.0V
Ta = 25°C, 1 MHz, Outputs Off 60 6.0 PF
lcc Power Supply Current Vec = Max, Input Grounded 110 155 110 155 mA
All Qutputs Open
los Short Circuit Vo = 0V, Vcc = Max
- - - -70 mA
Output Current (Note 2) 20 70 20
loz Output Leakage Voo = Max, Vo = 0.45V to 2.4V +50 +50 pA
(TRI-STATE) Chip Disabled ~50 —50 pA
VoH Output Voltage High loH = —2.0mA 2.4 3.2 \
loq = — 6.5mA 2.4 3.2 \
Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcg = 5.0V and T = 25°C.
Note 2: During log measurement, only one output at a time shoutd be grounded. Permanent damage may otherwise result.
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DM54S472/DM74S472

AC Electrical Characteristics with Standard Load and Operating Conditions

COMMERCIAL TEMP RANGE (0°C to +70°C)

Symbol ;EDEC Parameter DM74S472 DM74S472A DM74S472B Units
ymbol 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 ;:zsgl Parameter DM545472 DM54S472A DM545472B Units
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

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 ccfigura-
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 Vo and temperature.

4-34




National
| Semiconductor

DM54S473/DM74S473
(512 x 8) 4096-Bit TTL PROM

General Description

This Schottky memory is organized in the popular 512
words by 8 bits configuration. A memory enable input is pro-
vided to control the output states. When the device is en-
abled, the outputs represent the contents of the selected
word. When disabled, the 8 outputs go to the "OFF” or high
impedance state.

PROMSs are shipped from the factory with lows in all foca-

tions. A high may be programmed into any selected location
by following the programming instructions.

Features
@ Advanced titanium-tungsten (Ti-W) fuses
m 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
m All DC and AC parameters guaranteed over
temperature
m Low voltage TRI-SAFET™ programming
@ Open-collector outputs

Block Diagram
A8
:;: 1 4006BIT ARRAY
o] & 64 x 64
- MEMORY MATRIX
A0 —
Al — ]
DECODER
A 1 1
[X] [) B
M MUX ux
L oo [ | eur | | our | | Ber
ENABLE | |
BUFFER 03 a2 Q ao
TL/D/9715-1
Pin Names
AO-A8 Addresses
[} Output Enable
GND Ground
Qo0-Q7 Outputs
Vee Power Supply
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DM545473/DM745473

Connection Diagrams

Dual-In-Line Package Plastic Leaded Chip Carrier (PLCC)
/ :
Ao-ﬂl 20 f=Vee yzg 8w
A1—]2 19—A8 |
A2—13 18}=A7 3 2 1 2019
A3—14 17[=A86 A3—4 18— A7
Ad=15 16=As Ad=—15 17 = A6
Q—6 156 Q0 —16 16 =45
Q1~{7 14]~-q7 =7 1516
Q2—8 13—Q6 Q218 14=Q7
T 1Y 12}-as sli 1|o 1I| 1I2 1I.s
GND-Jio 11—Q4 b3 g 88
TL/D/9715-2
Top View Top View
Order Number DM54/74S473J, 473AJ, : Order Number DM74S473V or 473AV
DM74S473N or 473AN See NS Package Number V20A

See NS Package Number J20A or N20A

Ordering Information
Commercial Temp. Range (0°C to +70°C)

Parameter/Order Number Max Access Time (ns)

DM748473AN 45
DM748473N 60
DM74S473AJ 45
DM74S473J 60
DM74S473AV 45

DM748473V 60

Military Temp. Range (—55°C to + 125°C)

Parameter/Order Number Max Access Time (ns)
DM54S473AJ 60
DM54S473J 75

TL/D/9715-3
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Absolute Maximum Ratings (vote 1) Operating Conditions a
Supply Voltage (Note 2) —0.5Vto +7.0V Min Max Units gz
Input Voitage (Note 2) —1.2Vto +5.5V Supply Voltage (Vcc) a
Output Voltage (Note 2) —0.5Vto +5.5V Military 4.50 5.50 v a
Storage Temperature —65°Cto +150°C Commercial 475 5.25 v =
Lead Temp. (Soldering, 10 seconds) 300°C Ambient Temperature (Ta) PN
ESD to be determined Military —-55  +125 °C 14
Note 1: Absolute maximum ratings are those values beyond which the de- Commercial Y +70 °C a
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. g, e 5' 5 v
Note 2: These limits do not apply during pr ing. For the prog! g Logical “1" Input Voltage 20 ’
ratings, refer to the programming instructions.
DC Electrical Characteristics (voto 1)
Symbol Parameter Conditions DM54S473 DM74S473 Units
Min | Typ Max | Min | Typ Max
liL Input Load Current Voo = Max, Viy = 0.45V -80 | —250 —80 | —250 BA
liH Input Leakage Current Vece = Max, V|y = 2.7V 25 25 nA
Vce = Max, Viy = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Voc = Min, lg = 16 mA 0.35 0.50 0.35 0.45 \
ViL Low Level Input Voltage 0.80 0.80 \J
ViH High Level Input Voltage 2.0 2.0 "
loz Output Leakage Current Vce = Max, Vgex = 2.4V 50 50 rA
(Open-Collector Only) Voe = Max, Vgex = 5.5V 100 100 A
Ve Input Clamp Voltage Vee = Min, |y = —18 mA -08 | —-1.2 -08 | —-1.2 \
C Input Capacitance Vce = 5.0V, V|y = 2.0V
Tp = 25°C, 1 MHz 40 40 PF
Co Output Capacitance Veec = 5.0V, Vp = 2.0V 6.0 6.0 F
Ta = 25°C, 1 MHz, Outputs Off : ’ P
lcc 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 Vog = 5.0V and Tp = 25°C.
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DM54S473/DM745473

AC Electrical Characteristics with Standard Load and Operating Conditions

COMMERCIAL TEMP. RANGE (0°C to +70°C)

Symbol ;;I:ESI Parameter DM745473 DM745473A Units
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 ;5:53 Parameter DM54S473 DM54S473A Units
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

T™>XZ TEXQZ Output Disable Time 15 35 15 35 ns

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
lite, 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 CERIP (J-
package). Device performance in all package configurations
is excellent.

TITANIUM-TUNGSTEN FUSES

National's Programmable Read-Only Memories (PROMs)
feature titanuim-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 Vcc and temperature.
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National
Semiconductor

DM54/74S5474
(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.

Features
m 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
m PNP inputs for reduced input loading
m All DC and AC parameters guaranteed over
temperature
m Low voltage TRI-SAFE™ programming
m TRI-STATE® outputs

Block Diagram

A6 4096-8IT ARRAY
15 64 x 64
MEMORY MATRIX

QECODER

A2 —eeee—

|—

A st

AQ

Z o~
>
=2
c ™=
=
=
S o
=
=
< oi—
=
=
S ool —
=

@l—

MUX

(53
G2
63
G4

BUF BUF BUF BUF BUF BUF

ENABLE
GATE o7 6 05 04 03 a2

Pin Names
AO0-A8 Addresses
| ; G1,G2,G3,G4 | Output Enables
8 8 GND Ground
Mux_|— mux
NC No Connection
Qo-Q7 Outputs
8UF | ] BUF Vee Power Supply
al 0
TL/D/9714-1
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DM54S474/DM74S474

Connection Diagrams

Dual-In-Line Package
\/
A7=11 24 f=vee
A6 =12 231—A8
AS—13 22—=NC
e 21}=5i
A3=—{5 20 |-G2
A2—16 19p—G3
AM=—17 18 =G4
A0O—18 17f~q7
Q0—{9 16 —~Q6
Q1—{10 15—Q5
Q2411 14=Q4
GND—{12 13—Q3
TL/D/8714-2
Top View

Order Number DM54/74S474J, 474AJ, 474BJ,
DM74S474N, 474AN, 474BN
See NS Package Number J24A or N24A

Ordering Information
Commercial Temp Range (0°C to + 70°C)

Plastic Leaded Chip Carrier (PLCC)
2ecg B2

| T T O I |
1

4 32 128272
A —15 251 Gi
A3—6 241-G2
a2=-17 23|~63
M-8 22f~G4
A0—19 21f=nNcC
Nc—{10 20f-q7
-1t 19}~

12 13 14 15 16 17 18

TITT 1

o o g g o o O

TL/D/9714-3
Top View

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) Parameter/Order Number Max Access Time (ns)
DM74S474AJ 45 DM54S474AJ 60
DM74S474BJ 35 DM54S474BJ 50
DM748474J 65 DM54S474J .75
DM74S474AN 45

DM74S474BN 35

DM74S474N 65

DM74S474AV 45

DM74S474BV 35

DM74S474V 65
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o
Absolute Maximum Ratings (oto 1) Operating Conditions 3
If Military/Aerospace specified devices are required, Min Max Units (72
contact the Natlonal Semiconductor Sales Office/ Supply Voltage (Vec) 5
Distributors for availability and specifications. Military 4.50 5.50 v »
Supply Voltage (Note 2) —0.5Vto +7.0V Commercial 4.75 5.25 (A" g
Input Voltage (Note 2) —1.2Vto +5.5V Ambient Temperature (Tp) :
Output Voltage (Note 2) —0.5Vto +5.5V Military —55 +125 °C (77
Storage Temperature —65°Cto +150°C Commercial 0 +70 °C 5
Lead Temp. (Soldering, 10 seconds) 300°C Logical “0” Input Voltage 0 0.8 \ -
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: Thess limits do not apply during programming. For the programming
ratings, refer to the programming instructions.
DC Electrical Characteristics (vote 1)
Symbol Parameter Conditions DMS4S474 DM74S474 Units
Min | Typ Max | Min | Typ Max
M Input Load Current Vce = Max, Viy = 0.45V —80 | —250 —-80 | —250 | pA
I Input Leakage Current Vcc = Max, Viy = 2.7V 25 25 pA
Vce = Max, Vi = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Voo = Min, loL = 16 mA 0.35 | 0.50 035 | 045 \
ViL Low Level Input Voltage 0.80 0.80 v
ViH High Level Input Voltage 2.0 2.0 \
Ve Input Clamp Voltage Voe = Min, iy = —18 mA -08 | —1.2 -08 | —1.2 \"
C Input Capacitance Vee = 5.0V, V|y = 2.0V
Ta = 25°C, 1 MHz 40 40 pF
Co Output Capacitance Vce = 5.0V, Vg = 2.0V 6.0 6.0 F
Ta = 25°C, 1 MHz, Outputs off . - p
Icc Power Supply Current Vcc = Max, Inputs Grounded 115 170 115 170 mA
All Outputs Open
los Short Circuit Vo = 0V, Vcg = Max _ _ _ _
Qutput Current (Note 2) 20 70 20 70 mA
loz Output Leakage Vec = Max, Vo = 0.45V to 2.4V +50 +50 LA
(TRI-STATE) Chip Disabled —50 —50 A
VoH Output Voltage High lon = —2.0mA 2.4 3.2 \
loqy = —6.5mA 2.4 3.2 \')
Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Voc = 5.0V and Tp = 25°C.
Note 2: During Igs measurement, only one output at a time should be grounded. Permanent damage may otherwise result.
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DM545474/DM745474

AC Electrical CharacteristiCs with Standard Load and Operating Conditions

COMMERCIAL TEMP RANGE (0°C to +70°C)

Symbol ;S:Eg Parameter DM745474 DM74S474A DM7454748 Units
. 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°C to +125°C)
Symbol é’:ﬁﬁg Parameter - DM545474 DM54S474A DM545474B Units
n | 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

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 PROMSs 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 Vgc and temperature.
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National
Semiconductor

DM54/74S475 (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.

Features

m 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

temperature
B Low voltage TRI-SAFETM programming
m Open-collector outputs

Block Diagram

AB =
AT
- 4006-81T ARRAY Pin Names

L 1 64 x 64
:j ~ o MEMORY MATRIX AO-AB Addresses
A3 G1,G2,G3,G4 | OutputEnables

DECODER ‘l' GND Ground
A2 1 1 1 1 1 1 | 1 -
Al 8 B 3 ] [ ] B 8 NC No Connection
Al —eed  MUX MUX MUX MUX MUX MUX MUX Mlilx Qo-Q7 Outputs
Gl — Vee Power Supply
m = — pamay — — -
63 B
G4 — BUF ‘ BUF BUF BUF BUF BUF BUF BUF

ENABLE 1 1 ]

GATE a7 a5 a5 s (%] (i}] o a

TL/D/9192-1
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DM545475/DM745475

Connection Diagrams

Dual-In-Line-Package Plastic Leaded Chip Carrier (PLCC)
N 22zg 8z
o 24=Vec L1 11111
A6—]2 23—A8 4 3 2 1 28 27 26
AS—3 22 —NC Ad=—15 2564
A =14 21}—c4 A3—{6 24|=Gi
A3—15 20 |~ Gi A2=17 23 =63
A2—{6 19f=~c3 A1 —18 22}-62
IS 18 =62 A0—{9 21f=nNC
A0—{8 177 NC—{10 20—-0Q7
Q0—{9 16—Q6 Q-1 19106
Q1—410 15}=a5 12 13 14 15 16 17 18
a2 11 1404 éé;éj&éé
GND—{12 131-q3 3
TL/D/9192-3
TL/D/9192-2 Top View
Top View
Order Number DM74S475V or 475AV
Order Number DM54/745475J, 475AJ, See NS Package Number V28A
DM74S475N or 475AN

See NS Package Number J24A or N24A

Ordering Information
Commercial Temp Range (0°C to +70°C)

Parameter/Order Number Max Access Time (ns)

DM748475AJ 45
DM748475J 65
DM74S475AN 45
DM745475N 65
DM748475AV 45
DM748475V 65

Military Temp Range (—55°C to + 125°C)

Parameter/Order Number Max Access Time (ns)

DM54S475AJ 60
DM545475J 75
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. M sas =
Absolute Maximum Ratings (Nots 1) Operating Conditions &
If Military/Aerospace specified devices are required, Min Max  Units w
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 5
Distributors for availability and specifications. Military 450 550 v o
Supply Voltage (Note 2) —-0.5Vto +7.0V Commercial 475 525 v g
Input Voltage (Note 2) -1.2Vto +5.5V Ambient Temperature (Ta) :
Output Voltage (Note 2) —0.5Vto +5.5V Military -55 +125 °C 1)
Storage Temperature —65°Cto +150°C Commercial 0 +70 °C o]
Lead Temperature (Soldering, 10 sec.) 300°C Logfcal “0" input Voltage 0 0.8 v o
ESD rating to be determined. Logic*1" InputVoltage 20 55V
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 progi ing. For the prog! g
ratings, refer to the programming instructions.
DC Electrical Characteristics (vots 1)
Symbol Parameter Conditions DM545475 DM745475 Units
Min | Typ Max | Min | Typ Max
I Input Load Current Ve = Max, Viy = 0.45V —80 | —250 —80 | —250 nA
™ Input Leakage Current Vce = Max, Viy = 2.7V 25 25 HA
Vec = Max, Viy = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Vgg = Min, lg. = 16 mA 0.35 | 0.50 0.35 | 0.45 \
ViL Low Levsl Input Voltage 0.80 0.80 \
ViH High Level Input Voltage 20 2.0 "
loz Output Leakage Current Vce = Max, Veex = 2.4V 50 50 HA
(Open-Collector Only) Vce = Max, Voex = 5.5V 100 100 pA
Ve Input Clamp Voltage Vee = Min, Iy = —18 mA -08 | —-1.2 -08 | —-1.2 \
C Input Capacitance Vcc = 5.0V, V|y = 2.0V )
Ta = 25°C, 1 MHz 40 40 PF
Co Output Capacitance Vee = 5.0V, Vg = 2.0V 6.0 6.0 oF
TA = 25°C, 1 MHz, Outputs Off '
lec Power Supply Current Vcec = 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 Vcg = 5.0V and Tp = 25°C.
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DM54S475/DM74S475

AC Electrical Characteristics (With Standard Load and Operating Conditions)

COMMERCIAL TEMP RANGE (0°C to +70°C)

Symbol ;EDEC Parameter DM74S475 DM74S475A Units
ymbol 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 DM545475 DM54S475A
Symbol Symbol Parameter in Ty Max in Ty Max Units
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

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 Vg and temperature.
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National
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.

Features

W Advanced titanium-tungsten (Ti-W) fuses

m Schottky-clamped for high speed
Address access down to—45 ns max
Enable access—25 ns max
Enable recovery—25 ns max

m PNP inputs for reduced input loading

m All DC and AC parameters guaranteed over tempera-

ture
m Low voltage TRI-SAFET™ programming
m Open-collector outputs

Block Diagram

I}
LY
" 20488IT ARRAY
A5 64 x 32
MEMORY MATRIX

M
"

DECOOER
2
Al
0
[

ENABLE

BUFFER o 02 o ao

TL/D/9189-1

Pin Names
AO-A8 Addresses
G Enable
GND Ground
Q0-Q3 Qutputs
Vee Power Supply
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DM54S570/DM74S570

Connection Diagrams

Dual-In-Line Package

./
As—{1 16 f=Vee
A5S—{2 15§—A7
A3 14}—A8
A3={4 136
A0—15 12|~q0
Al—16 1-at
A2—7 10—=Q2
GND—{8 of-a3
TL/D/9189-2
Top View

Order Number DM54/74S570J, 570AJ
DM74S570N, 570AN
See NS Package Number J16A or N16A

Ordering Information

Plastic Leaded Chip Carrier (PLCC)

2¢g 8y

| I I I |

3 2 1t 2019
M—14 18} A8
A3=15 17F-0
A0 =16 16 = Q0
Al=—7 15p=NC
A28 14 = Q1

9 10 11 12 13

LU

£2223%

Top View

Order Number DM74S570V, 570AV

See NS Package Number V20A

Commercial Temp Range (0°C to +70°C)

Parameter/Order Number Max Access Time (ns)
DM74S570AN 45
DM74S570N 55
DM74S570AJ 45
DM74S570J 55
DM74S570AV 45
DM74S570V 55

Military Temp Range (

—55°C to +125°C)

Parameter/Order Number Max Access Time (ns)
DM54S570AJ 60
DM548570J 65

TL/D/9189-3
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o
Absolute Maximum Ratings (note 1) Operating Conditions %
If Military/Aerospace specified devices are required, Min Max Units (72}
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) ﬂ
Distributors for availability and specifications. Military 4.50 5.50 \ Q
Supply Voltage (Note 2) —0.5Vto +7.0V Commercial 4.75 5.25 v o
Input Voltage (Note 2) —1.2Vto +5.5V Ar:z;ﬁ::y Temperature (Ta) 5 +125 o §
Qe e Seri oo B
Lead Temp. (Soldering, 10 seconds) 300°C Log!cal /0" Input Voltage 0 08 v e
i 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: Thess limits do not apply during programming. For the programming
ratings, refer to the programming instructions.
DC Electrical Characteristics (ote 1)
Symbol Parameter Conditions DM54S570 DM748570 Units
Min | Typ Max | Min | Typ Max
o Input Load Current Vce = Max, VN = 0.45V —80 | —250 —80 | —250 pA
IIn Input Leakage Current Voc = Max, VN = 2.7V 25 25 pA
Voc = Max, Viy = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Vcg = Min, lgL. = 16 mA 0.35 0.50 0.35 0.45 \
ViL Low Level Input Voltage 0.80 0.80 v
VIH High Level Input Voltage 2.0 20 \)
loz Output Leakage Current Vee = Max, Veex = 2.4V 50 50 pA
(Open-Collector Only) Voc = Max, Veex = 5.5V 100 100 | pA
Ve Input Clamp Voltage Vee = Min, Iy = —18mA -08 [ —1.2 —08 | —1.2 \'
C Input Capacitance ¥2c= A go?;\,/1 \QA’:{ - 2.0V 40 40 pF
Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF
Ta = 25°C, 1 MHz, Outputs Off
lec Power Supply Current chl;% utp?ftixbl:g:t Grounded 90 130 20 130 mA
Note 1: These limits apply over the entire operating range unless otherwise noted. All typical values are for Vgg = 5.0V and Tp = 25°C.
AC Electrical Characteristics with standard Load and Operating Conditions
COMMERCIAL TEMP RANGE (0°C to +70°C)
Symbol | JEDEC Symbol Parameter DM745570 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 DM545570 DMS4S570A 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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DM54S570/DM74S570

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 Vg and temperature.
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National
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.

Features

B Advanced titanium-tungsten (Ti-W) fuses

m Schottky-clamped for high speed
Address access down t0o—35 ns max
Enable access—25 ns max
Enable recovery—25 ns max

m PNP inputs for reduced input loading

@ All DC and AC parameters guaranteed over tempera-

ture
m Low voltage TRI-SAFE™ programming
m TRI-STATE® outputs

Block Diagram

A3
A?
A6 2048.B1T ARRAY
25 64 x 32
MEMORY MATRIX
M
A3
OECOOER
Y] 1 ) | 1
Al ———] § 8 8 8
AD e MUX MUX MUx MUxX
& BUF BUF 8UF BUF

ENABLE
BUFFER g 02 a a0

TL/D/9713-1

Pin Names
AO0-A8 Address
G Output Enable
GND Ground
Q0-Q3 Outputs
Vee Power Supply
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DM54S571/74S571

Connection Diagrams

Dual-In-Line Package

-/
A6 =1 16[=Vee
AS=—12 15p=A7
Ad=—13 14=A8
A3—4 136
A0—15 12=Q0
A1—6 M=
A2=—17 10p—Q2
GND—8 9Ip—Q3
TL/D/9713-2
Top View
Order Number

DM54/74S55714, 571AJ, 571BJ
DM74S571N, 571AN, 571BN
See NS Package Number J16A or N16A

Ordering Information

Plastic Leaded Chip Carrier (PLCC)

22 8y

L+ 1 11

3 2 1 20 18
Ad—14 18— A8
A3—5 17}-6
A0— 6 16— Q0
A =7 15=NC
A2—8 14=—Q1

9 10 11 12 13

L

222388

Top View
Order Number

DM74S571V, 571AV, 571BV
See NS Package Number V20A

Commercial Temperature Range (0°C to +70°C)

Parameter/Order Number

Max Access Time (ns)

DM74S571AN 45
DM74S8571BN 35
DM74S571N 55
DM74S571AJ 45
DM74S571BJ 35
DM748571J 55
DM74S571AV 45
DM748571BV 35
DM748571V 55

Military Temp. Range (

—55°C to +125°C)

Parameter/Order Number Max Access Time (ns)
DM54S571AJ 60
DM548571BJ 50
DM548571J 65

TL/D/9713-3
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Absolute Maximum Ratings (Note 1) Operating Conditions a
If Military/Aerospace specified devices are required, Min Max Units wn
contact the National Semiconductor Sales Office/ Supply Voltage (Vo) ‘q"'
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 N
Input Voltage (Note 2) ~1.2Vto +5.5V An;v:{:f:nt Temperature (Ta) o 125 o 0
_ ilitary - ° ~
gtutput V_(:Itage (Ntote 2) 6532\/ t°+: :os"g Commercial 0 +70 °C -
L or:i,e em;erlz ur‘e i~ to 300°C Logical “'0" Input Voltage 0 0.8 "
ead Temp. (So t?nng sec) 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 prog ing. For the prc 9
ratings, refer to the programming instructions.
DC Electrical Characteristics (Nots 1)
Symbol Parameter Conditions DM548571 DM74S571 Units
Min | Typ Max | Min | Typ Max
i Input Load Current Vee = Max, Vi = 0.45V —80 | —250 —80 | —250 | pA
[T} Input Leakage Current Ve = Max, Vi = 2.7V 25 25 pA
Vece = Max, V|y = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Voo = Min, IgL = 16 mA 0.35 | 0.50 0.35 | 045 Vv
ViL Low Level Input Voltage 0.80 0.80 \
ViH High Level Input Voltage 2.0 2.0 \
Ve Input Clamp Voltage Veec = Min, Iy = —18 mA -08| —1.2 -08 | —1.2 \"
C Input Capacitance Vee = 5.0V, V)N = 2.0V
Ta = 25°C, 1 MHz 40 40 pF
Co Output Capacitance Ve = 5.0V, Vg = 2.0V 6.0 6.0 F
Ta = 25°C, 1 MHz, Outputs Off : : P
lcc Power Supply Current Vce = Max, Input Grounded 90 130 %0 130 mA
All Outputs Open
los Short Circuit Vo = 0V, Ve = Max _ _ _ _
Output Current (Note 2) 20 70 20 70 mA
loz Output Leakage Veoe = Max, Vo = 0.45V to 2.4V +50 +50 BA
(TRI-STATE) Chip Disabled —50 —50 uA
VoH Output Voltage High loH = —2.0mA 2.4 3.2 \'
loH = —6.5mA 24 3.2 Vv
Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vec = 5.0V and Ta = 25°C.
Note 2: During log measurement, only one output at a time should be grounded. Permanent damage may otherwise result.
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DM54S571/748571

AC Electrical Characteristics
COMMERCIAL TEMP RANGE (0°C to +70°C)

Symbol ;fzsgl Parameter DM74S571 : DM74S571A DM74S571B Unit
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 ;535; Parameter DM54S571 DM54S571A DM54S85718B Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
TAA 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

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 (PROMSs)
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 Vgc and temperature.
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National
Semiconductor

DM54/74S572
(1024 x 4) 4096-Bit TTL PROM

General Description Features

This Schottky memory is organized in the popular 1024 B Advanced titanium-tungsten (Ti-W) fuses
words by 4 bits configuration. Memory enable inputs are  m Schottky-clamped for high speed

¢.5SvL/vSINa

provided to control the output states. When the device is Address access—45 ns max

enabled, the outputs represent the contents of the selected Enable access—25 ns max

word. When disabled, the 4 outputs go to the “OFF" or high Enable recovery—25 ns max

impedance state. & PNP inputs for reduced input loading
PROMs are shipped from the factory with lows in all loca- = All DC and AC parameters guaranteed over
tions. A high may be programmed into any selected location temperature

by following the programming instructions. B Low voltage TRI-SAFET™ programming

m Open collector outputs

Block Diagram
A9 —
A8 —
- 4006-8IT ARRAY
w- @ 64 x 64
5 MEMORY MATRIX
At — Pin Names
" DECODER AO-A9 Addresses
1 [ 1 1 G1.G3
:ﬁ — 1wl & i G1, G2 Output Enables
A0 MUX MUX MUX MUX GND Ground
_ Q0-Q3 Outputs
G1 — L)) v, Power Suppl
sl - - - wer Su|
62 —1 BUF BUF BUF BUF & dad
ENABLE [

GATE 03 a2 a1 ao
TL/D/9712-1
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DM54/74S572

Connection Diagrams

Dual-In-Line-Package

-/
A6—{1 18=Vee
A5—2 17}=A7
M3 16§=A8
A3={4 15F=A9
A0=]5 14 =00
Al—16 13=Q1
A2={7 12=Q2
Gi—18 11}=Q3
GND=9 10}—=062
TL/D/9712-2
Top View

Order Number DM54/748572J, 572AJ,
DM74S572N, 572AN
See NS Package Number J18A or N18A

Ordering Information
Commercial Temp Range (0°C to +70°C)

Plastic Leaded Chip Carrler (PLCC)

22g 8y
| I T |
3 2 12019
Ad—14 18— A8
A3 =5 17 = A9
A0 =46 16 }—Q0
A -7 1Sp=NC
A2—38 14 =01
9 10 11 12 13
LR
21888
TL/DI9712-3
Top View

Order Number DM74S572V, 572AV
See NS Package Number V20A

Military Temp Range (—55°C to + 125°C)

Parameter/Order Number Max Access Time (ns) Parameter/Order Number Max Access Time (ns)
DM74S572AJ 45 DM54S572AJ 60
DM748572J 60 DM54S572J 75
DM74S572AN 45

DM74S572N 60

DM74S572AV 45

DM748572V 60
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Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

Operating Conditions

contact the National Semiconductor Sales Office/ Supply Voltage (V)
Distributors for availability and specifications. Military

Supply Voltage (Note 2) —0.5t0 +7.0V Commercial

Input Voltage (Note 2) —1.2Vto +5.5V Ambient Temperature (Ta)
Output Voltage (Note 2) —-0.5Vto +5.5V Military

Storage Temperature —65°Cto +150°C Commercial

Lead Temp. (Soldering, 10 sec.) 300°C Logical “0" Input Voltage

ESD to be determined

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

Logic *“1” Input Voltage

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.

DC Electrical Characteristics (ote 1)

Min

4.50
4.75

—55
0
0

2.0

Max

5.50
5.25

+125
+70

0.8
5.5

Units

Symbol Parameter Conditions DM548572 DM748572 Units
Min | Typ Max | Min [ Typ Max
IR Input Load Current Vee = Max, V)N = 0.45V —-80 | —250 —80 [ —250 | pA
[ Input Leakage Current Vee = Max, Viy = 2.7V 25 25 pA
Ve = Max, VN = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage | Voc = Min, lg = 16 mA 0.35 0.50 035 | 045 Vv
ViL Low Level Input Voltage 0.80 0.80 \"
ViH High Level Input Voltage 2.0 2.0 \
loz Output Leakage Current Vce = Max, Vgpx = 2.4V 50 50 wA
(Open-Collector Only) Vece = Max, Veex = 5.5V 100 100 pA
Ve Input Clamp Voltage Vee = Min, Iy = —18 mA -08 | —1.2 —-08 | —1.2 v
C Input Capacitance ¥:c= 2§°gv1 th_l ; 2.0v 4.0 4.0 oF
c Cuput Capaciance ¥:C= 2;;3\,/'1 \:v?Hz, éﬁt\guts off 6.0 6.0 PF
Icc Power Supply Current Voo = Max, Input Grounded 100 140 100 140 mA
All Outputs Open

Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values ar