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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 Qualitdt und
Zuverldssigkeit verpflichtet

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

Wir sind stolz auf unseren Erfolg, der Standards setzt, die
fur andere erstrebenswert sind. Auch ihre Anspriiche steig-
en stindig. 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 été 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
défini 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.

Un Impegno Societario di Qualita e
Affidabilita

National Semiconductor Corporation & un’industria al ver-
tice nella costruzione di circuiti integrati di altd qualita 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 affidabilita Natlonal 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.

A bpt

Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation
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PORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and whose failure to per-
form, when properly used in accordance with instructions
for use provided in the labeling, can be reasonably ex-
pected to result in a significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be reason-
ably expected to cause the failure of the life support de-
vice or system, or to affect its safety or effectiveness.
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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.

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
Semiconductor

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 EPROMSs and OTP PROMs =
No. of Access Prog. PS Temp. 3
Part No. Org. Size | oins Time Volt. Tol. Range 3
NMC27C16Q 2kx8 16k 24 300, 350, 450, 550 25 5% 0°Cto +70°C (7))
NMC27C16QE 2kx8 16k 24 450 25 5% —40°Cto +85°C %
(2]
(=
NMC27C32Q 4k x 8 32k 24 300, 350, 450, 550 25 5% 0°Cto +70°C g
NMC27C32QE 4k x 8 32k 24 450 25 5% ~40°Cto +85°C o
c
£
NMC27C32BQ 4kx8 a2k 24 150, 200, 250 13 | 5%,10% 0°Cto +70°C o
NMC27C32BQE 4k x8 32k 24 200, 250 13 10% —40°Cto +85°C
NMC27C64Q 8kx8 64k 28 150 13 5% 0°Cto +70°C
NMC27C64Q/N 8kx8 64k 28 150, 200, 250 13 10% 0°Cto +70°C
NMC27C84QE 8kx8 64k 28 150, 200 13 10% —40°Cto +85°C
NMC27C64QM 8kx8 64k 28 200, 250 13 10% —55°Cto +125°C
NMC27C128BQ/BN 16k x 8 128k 28 150, 200, 250 13 5%, 10% 0°Cto +70°C
NMC27C128BQE 16k x 8 128k 28 150, 200 13 10% —40°C to +85°C
NMC27C128QM 16k x 8 128k 28 150, 200 13 10% —55°Cto +125°C
NMC27C256Q 32k x 8 256k 28 170, 200, 250 13 5% 0°Cto +70°C
NMC27C256Q 32kx 8 256k 28 200, 250, 300 13 10% 0°Cto +70°C
NMC27C256QE 32kx8 256k 28 200, 250 13 10% —40°Cto +85°C
NMC27C256QM 32kx 8 256k 28 250, 350 13 10% —55°Cto +125°C
NMC27C256BQ/BN 32kx8 256k 28 150, 200, 250 13 5%, 10% 0°Cto +70°C
NMC27C256BQE 32kx8 256k 28 150, 200 13 10% —40°Cto +85°C
NMC27C256BQM 32kx 8 256k 28 150, 200 13 10% —55°Cto +125°C
NMC27C512AQ/AN 64k x8 512k 28 150, 170, 200, 250 13 " 5%, 10% 0°Cto +70°C
NMC27C512AQE 64k x 8 512k 28 150, 170, 200, 250 13 10% —40°Cto +85°C
NMC27C512ANE 64k x 8 512k 28 150, 170, 200, 250 13 10% —40°Cto +85°C
NMC27C512AQM 64k x 8 512k 28 150, 170, 200, 250 13 10% —55°Cto +125°C
NMC27C010Q 128k x 8 1024k 32 150, 170, 200, 250 13 5%, 10% 0°Cto +70°C
NMC27C010QE 128k x 8 1024k 32 150, 170, 200, 250 13 10% —40°Cto +85°C
NMC27C010QM 128k x8 1024k 32 170, 200, 250 13 10% —55°Cto +125°C
NMC27C1024Q 64k x 16 1024k 40 120, 150, 170, 200, 250 13 5%, 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




One Time Programmable EPROMs

National
Semiconductor

ONE TIME PROGRAMMABLE EPROMs

One Time Programmable is the term coined for EPROMs encapsulated in packages without a quartz window. The absence of
the quartz window prevents erasure as the EPROM die is no longer capable of being exposed to any source of UV light. Thus
the user can program the device only once, thereby giving rise to the term One Time Programmable or OTP.

One Time Programmable EPROMSs are frequently packaged in Dual-In-Line Packages (DIP) or surface mount Plastic Leaded
Chip Carriers (PLCC).

Dual-In-Line Package

The plastic DIP has lead spacing of 0.100 inch and is particularly advantageous for users of EPROMSs that are in high volume
production. Plastic being less brittle than ceramic, the PDIPs can be used with auto insertion equipment, thereby offering an
additiona! advantage to high volume users by reducing manufacturing throughput time.

Density Product Nomenclature
64 kbit NMC27C64N

128 kbit NMC27C128BN
256 kbit NMC27C256BN
512 kbit NMC27C512AN

Surface Mount Package

Plastic Leaded Chip Carriers (PLCC) allow for a three to one improvement in surface mounting density over the plastic DIP, due
to the tighter lead spacings of 0.050 inch. As the leads bond to the surface of the board (vs. through hole mounting for DIPs),
system design engineers can optimize their PC board density by placing components on both sides of the PC board.

These packages are advantageous for cost sensitive, high volume users that are board space constrained and want to increase
their manufacturing throughput with the aid of auto insertion equipment.

National Semiconductor’s scheduled introduction of a broad range of high density EPROMSs in PLCC through early 1990 include:

Density Product Nomenclature
128 kbit NMGC27C128BV
256 kbit NMC27C256BV
512 kbit NMC27C512AV
1 Mbit (X8) NMGC27Co10V
1 Mbit (X16) - NMC27C1024V

National Semiconductor has had many years of experience building surface mount packages. The company has an excellent
reputation in the industry for product reliability. EPROMs in both the Plastic Dual-In-Line Package and the Plastic Leaded Chip
Carrier will be built with the same stringent reliability standards as other National products.
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NMC27C16
16,384-Bit (2048 x 8) UV Erasable CMOS PROM

General Description Features

The NMC27C16 is a high speed 16k UV erasable and elec- M Access time down to 300 ns
trically reprogrammable CMOS EPROM, ideally suited for ~m Low CMOS power consumption

913.20NN

applications where fast turnaround, pattern experimentation — Active Power: 26.25 mW max

and low power consumption are important requirements. — Standby Power: 0.53 mW max (38% savings)
The NMC27C16 is packaged in a 24-pin dual-in-line pack- M Performance compatible to NSC800™ CMOS
age with transparent lid. The transparent lid allows the user microprocessor

to expose the chip to ultraviolet light to erase the bit pattern.  m Single 5V power supply
A new pattern can then be written into the device by follow-  m Extended temperature range available

ing the programming procedure. (NMC27C16E-45), —40°C to +85°C, 450 ns £5%
This EPROM is fabricated with the reliable, high volume, power supply
time proven, P2CMOS™ silicon gate technology. | Pin compatible to MM2716 and higher density EPROMs

B Static—no clocks required
® TTL compatible inputs/outputs
m TRI-STATE® output

Block Diagram

Vot O—sb DATA OUTPUTS 0p-07
GND O— " N
Vop O— T1TTTTTT Pin Names
6 OUTPUT ENABLE R ~AD-A10 Addresses
' CHIP ENABLE ¢ oUTPUT CE i
CE/PGM —, AND PROG LOGIC > BUFFERS f Chép Enable
OE Output Enable
[ —p) > 0p-07 Outputs
—> Y . [
—> DECODER . ¥ GATING PGM Program
— g NC No Connect
A0-A10 .
aooRess { P >
weuts | > i
- X . 16,384-BIT
—P DECODER . CELL MATRIX
—’ .
_’ °
\ —> >

TL/D/5275-1
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NMC27C16

Connection Diagram

27C256 | 27C128 | 27C64 | 27C32
27256 | 27128 | 2764 | 2732
Vep Vep Vep Dual-In-Line Package
A2 | A2 | A2 NMC27C16
A7 A7 A7 A7 ar—1 2 f— yee
A6 A6 A6 A6 Ag—12 28—
A5 A5 A5 A5 A5—13 2|— A9
A4 A4 A4 A4 AM—4 21— Ver
A3 A3 A3 A3 A—{5 20 p—0F
A2 A2 A2 A2 A2—6 19— A10
Al A1l Al Al Al—17 18}—TE
A0 A0 A0 A0 A0 — 3 170
Og O O Op 0y —q9 16 |—0s
04 04 04 04 01— 10 15 =05
0z 02 02 o] 0 —{1 101
GND GND GND GND GND —] 12 13l—0;
TL/D/5275-2
Top View

27C32 | 27C64 | 27C128 | 27C256
2732 2764 | 27128 | 27256
Vee | Vee Vee
PGM PGM Al4
Vee NC A13 A13
‘ A8 A8 A8 A8
A9 A9 A9 A9
Al1 A1l A1l A1l
OE/Vpp| OE OE OE
A10 A10 A10 A10
CE CE CE CE
07 07 0, o,
Og Og Og Og
Os Os Os Os
O4 O4 04 O4
O3 O3 O3 O3

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
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Absolute Maximum Ratings (Note 1)

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

Temperature Under Bias —10°Cto +80°C

1.0W
300°C

Power Dissipation
Lead Temperature (Soldering, 10 seconds)

Operating Conditions (Note 9)

Storage Temperature ~65°Cto +125°C Temperature Range
All Input Voltages with NMC27C16-30, -35, -45, -55 0°Cto +70°C
Respect to Ground +6.5Vto —0.3V NMC27C16E-45 —40°Cto +85°C
All Output Voltages with Vg Power Supply (Notes 2 and 3) 5V +5%
Respect to Ground (Note 11)  Vgg+0.3V to GND—0.3V Vpp Power Supply (Note 3) Vee
Vpp Supply Voltage with
Respect to Ground
During Programming +26.5V to —0.3V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ (Note 4) Max Units
I Input Load Current ViN = Vo or GND 10 MA
Lo Output Leakage Current | Vout = Vggor GND, CE = Viy 10 pA
lcct Vg Current (Active) OE =CE =V, f = 1 MHz 5 10 mA
(Note 3) | TTL Inputs Inputs = VigorV,1/0 = 0 mA
Icc2 Vg Current (Active) OE =CE = V)., f = 1MHz ’ 5 mA
(Note 3) | CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA
lccsB1 Vg Current (Standby) CE=VjH 04 1 mA
TTL Inputs
lccss2 Ve Current (Standby) CE = Vo
CMOS Inputs 0.01 0.1 mA
ViL Input Low Voltage —0.1 0.8 v
VIH Input High Voltage 2.0 Ve + 1 \"
VoL1 Output Low Voltage loL = 2.1 mA 0.45 \
VoH1 Output High Voltage lon = —400 pA 24 "
VoL2 Qutput Low Voltage loL=0pA 0.1 \'
VoH2 Output High Voltage loH = O pA Ve — 0.1 \"
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
tce CE to Qutput Delay OE = V)L 300 350 450 550 ns
toe OE to Output Delay CE=V, 120 120 120 160 ns
toF OE High to Output Float CE = VL 0 100 0 100 0 100 0 100 ns
toH Output Hold from Addresses, | CE = OE = V,_
(Note 5) | CE or OE, Whichever 0 0 0 0 ns
Occurred First

910/2¢JNN




NMC27C16

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

Symbol Parameter Conditions | Typ Max Units

CiN Input Capacitance ViN = OV 4 6 pF

Cout Output Capacitance Vout = OV 8 12 pF
AC Test Conditions _
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF Inputs 1V and 2V
Input Rise and Fall Times <20 ns Outputs 0.8Vand2v
Input Pulse Levels 0.8Vto2.2v
AC Waveforms (Notes 2, 8,9, 10)
ADDRESSES :;:[' ADCRESSES "L

g m /
Vit

{0E ———r]
— Vi ]t
[[3 Vit
foe (NOTE 6)— tor (NOTE7)
Vou Hi-Z Hi-Z
OUTPUT l—— VALID OUTPUT \%
VoL s
tacc (NOTE 6) toy —| [—

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

Note 3: Vpp may be connected to Vg except during programming. lggy < the sum of the I active and Ipp read currents.
Note 4: Typical values are for T4 = +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 — tog after the falling edge of CE without impact on tacc.

Note 7: The tpr compare leve! is determined as follows:
High to TRI-STATE, the measured Voy (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
device between Vcg 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 Vg + 0.3V to avoid latch-up and device damage.

ltis v ded that a 0.1 uF ceramic capacitor be used on every
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PROGRAMMING CHARACTERISTICS (Note 1)

DC Programming Characteristics (Notes 23 3)
(Ta = +25°C £5°C, Voo = 5V 5%, Vpp = 25V +1V)

910.2O0N

Symbol Parameter Conditions Min "Typ Max Units
Iy Input Current (for Any Input) ViN = Vgg or GND 10 pA
Ipp Vpp SuppIY Current During CE/PGM = Vi 20 mA
Programming Pulse

Icc Vce Supply Current 10 mA
viL Input Low Level —-0.1 0.8 v
ViH Input High Level 2.0 Voo + 1 \'
AC Programming Characteristics (Notes2&3)

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

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 us
toes OE Setup Time 2 us
tbs Data Setup Time 2 us
taH Address Hold Time 2 us
toen OE Hold Time 2 us
toH Data Hold Time 2 us
toF Output Enable to Output Float Delay CE/PGM = VL 0 160 ns
toe Output Enable to Output Delay CE/PGM = V) 160 ns
tpw Program Pulse Width 45 50 55 ms
tPRT Program Pulse Rise Time 5 ns
tprT Program Pulse Fall Time 5 ns

AC Test Conditions

Vee 5V +5% Timing Measurement Reference Level

Vpp 25V +1V Inputs 1V and 2V

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

Input Pulse Levels 0.8Vto2.2Vv
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NMC27C16

Programming Waveforms (Note 3) Vpp = 25V £1V, Vg = 5V £5%

} PROGRAM e
ADDRESS ‘6‘: t ADDRESS N ADDRESS N-+m-
tas tan
) @
DATA \J:r jj DATA IN STABLE :H--% VRGT; I::)UDTN i ( DALAD :]N NslA:Ls
(0.16 MI:l))(Fl_.I ~ (0.16 M:&E) < “:%fw MAX)
¥
0E v:r 'nzs ow
T
ceron st Ne—5— VA
tRT — |— [—terr

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: Vo 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, Vcoc 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 tacc-tor. 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 OFE 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
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 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 nF capacitor be placed across Vpp, Vcg 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.

.




Functional Description (continued)

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

Program Inhibit

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

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 25V. Vpp must be at
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/cm2. 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 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 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 ViL Vee 5 Dour
Standby VIH Don't Care Vee 5 Hi-Z
Program Pulsed V)_to V|4 ViH 25 5 Din
Program Verify ViL ViL 25 5 Dout
Program Inhibit ViL VIH 25 5 Hi-Z
Output Disable X ViH Vee 5 Hi-Z
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NMC27C32

National
Semiconductor

NMC27C32

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

General Description

The NMC27C32 is a high speed 32k UV erasable and elec-
trically reprogrammable CMOS. EPROM, ideally suited for
applications where fast turnaround, pattern experimentation
and low power consumption are important requirements.
The NMC27C32 is packaged in a 24-pin dual-in-line pack-
age with transparent lid. The transparent lid allows the user
to expose the chip to ultraviolet light to erase the bit pattern.
A new pattern can then be written into the device by follow-
ing the programming procedure.

This EPROM s fabricated with the reiiable, high volume,
time proven, p2CMOSTM 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 Extended temperature range available (NMC27C32E-45
and NMC27C32HE-45), —40°C to +85°C, 450 ns
1+5% power supply

m 10 ms programming available (NMGC27C32H), an 80%
time savings

m Pin compatible to NMC2732 and higher density
EPROMs

m Static-no clocks required

m TTL compatible inputs/ outputs

| Two-line control

B TRI-STATE® output

Block Diagram
Vee DATA QUTPUTS 0g-07
GND O——b
ro—> (e
3 OUTPUT ENABLE AND N
g: ’ CHIP ENABLE . OUTPUT
LOGIC i BUFFERS Pin Names
f —») R AO-A11 Addresses
Y ° CE Chip Enable
=3 BEChOER . Y GATING CE pEn
—b v OE Output Enable
A0-a11 | —P| . _
ACDRESS | —> > 0p-07 Outputs
INPUTS | =] g
—b] X . 32,768-BIT
— DECODER . CELL MATRIX
— .
——p] o
\ —> d

TL/D/5274-1




Connection Diagram

C¢EJLCONN

27C256 | 27C128 | 27C64 | 27C16 27C216|27C64 | 27C128 | 27C256
27256 | 27128 | 2764 | 2716 27216 | 2764 | 27128 | 27256

Vep Vep | Vep NMC27C32 Vee | Vee Vee
A12 A12 Al2 Dual-In-Line Package PGM | PGM Ald
A7 A7 A7 A7 AaT—1 24— Ve Vee NC A13 A13
A6 A6 A6 A6 As—{2 23p— a8 A8 A8 A8 A8
A5 A5 A5 | A5 ms—]s 2|9 A | A9 | A9 A9
A4 A4 A4 A4 M—s 21— an Vep | A1 A1 A1
A3 | A3 | A3 | A3 n—s 20— T/ OE | oE | OE | ©E
A2 A2 A2 A2 A2—6 19 F— A10 A10 A10 A10 A10
At A1 A1 Al m—7 18}~ TE CE | CE | CE CE
A0 A0 A0 | AO n—s . s 07 | 07 | O 07
Oo Oo Oo | %o 0 —{9 16 r— 05 Os Os Os Os
Oy 04 04 04 o —{10 15— 05 Os Os Os Os
O, 0, 0, | 0, or —us i o, | 0, | 04 Oa

GND | GND | GND | GND on0 — 12 " rﬁg O3 | 03 | 03 | ©Og

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.

Commerclal Temp Range (0°C to +70°C) Voc = 5V 5%

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

Extended Temp Range (—40°C to +85°C) Ve = 5V +5%
Parameter/Order Number Access Time (ns)
NMC27C32E-45, NMC27C32EH-45 450

1-13



NMC27C32

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please 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 (Note7)
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
L Input Load Current ViH = Vg or GND 10 pA
Lo Output Leakage Current | Voyt = Voo or GND, CE = Viy 10 pA
loct Ve Current (Active) OE =CE = Vj_
TTL Inputs Inputs = Vi or Vi, f = 1 MHz 2 10 mA
1/0 = 0 mA
lece Ve Current (Active) OE=CE=V|
CMOS Inputs Inputs = Vgg or GND, f = 1 MHz 1 5 mA
1/0 = 0 mA
|¢CSB1 Ve Current (Standby) CE=VHn 0.1 1 mA
TTL Inputs
lccse2 \(/::ACO C;u;’;z:’; :Standby) CE = V¢¢ 0.01 0.1 mA
viL Input Low Voltage -0.1 0.8 Vv
Vi Input High Voltage 20 Vog + 1 \
Vout Output Low Voltage loL = 2.1 mA 0.45 \
VoH1 Output High Voltage loq = —400 pA 2.4 \
VoLz Output Low Voltage loL =0 pA 0.1 \"
VoH2 Output High Voltage loH =0 pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C32
Symbol Parameter Conditions .30, H-30 .35, H-35 E-::: :F:!i ; -55,H-55 | Units
Min | Max | Min | Max | Min Max | Min | Max
tacc Address to Output Delay CE=O0E=V| 300 350 450 550 ns
tce CE to Output Delay OE =V|_ 300 350 450 550 ns
toe OE to Output Delay CE=VL 150 150 150 150 ns
tor OE High to Output Float CE=Vp 0 130 0 130 0 130 0 130 ns
toH Output Hold from Addresses, | CE = OE = V.
(Note 3) | CE or OE, Whichever 0 0 0 0 ns
Occurred First




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

Symbol Parameter Conditions Typ Max Units
CiNg Input Caﬁlcnance VIN = 0V 4 6 pF
Except OE/Vpp
CiNz OE/Vp.p Input ViN =0V 20 oF
Capacitance
Cout Qutput Capacitance | Voyr = 0V 8 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
CL = 100 pF Inputs 1Vand 2V
Input Rise and Fall Times <20ns Outputs 0.8V and 2V
Input Pulse Levels 0.45Vto 2.4V

AC Waveforms (notes6 & 8)

JC

ADDRESSES i ADDRESSES VALID o X
ERl
Jpe—— I
Wl N T —
L —
Jp— I
O Vi \ ‘0 /
L t, 3y t
oF o OF
v ) ~ (NOTE 4) ‘c ] (hoTES) [*
OH | Hi~Z ) A L4
oUTPUT ———] VALID OUTPUT P
oL p)
e tace . toplee
(NOTE 4) 0K

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 functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: Typical values are for T = +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 Vop (DC) — 0.10V;
Low to TRI-STATE, the measured Vg4 (DC) + 0.10V.

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

Note 7: The power switching characteristics of EPROMSs 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 Voc + 0.3V to avoid latch-up and device damage.

CEILZONN




NMC27C32

PROGRAMMING (note 1)

DC Programming Characteristics
Ta = +25°C £5°C, Voo = 5V % 5%, Vpp = 25V £1V (Notes 2 and 3)

Symbol Parameter Conditions Min Typ Max Units
Iu Input Current (All Inputs) VIN = Vgc or GND 10 pA
VoL Output Low Voltage During Verify loL = 2.1 mA 0.45 \
VoH Output High Voltage During Verify loq = — 400 pA 2.4 \
lec Ve Supply Current 2 10 mA
ViL Input Low Level (All Inputs) —-0.1 0.8 \
ViH Input High Level (All Inputs except OE/Vpp) 2.0 Voo + 1 \
Ipp Vpp Supply Current CE = V|, OE = Vpp 30 mA
AC Programming Characteristics 1, = +25°C +5°C, vgg = 5V + 5%, Vpp = 25V £1V
Symbol Parameter Conditions NMC27C32 NMC27C32H Units
Min | Typ | Max | Min [ Typ | Max
tas Address Setup Time 2 2 ps
toes OE Setup Time 2 2 us
tps Data Setup Time 2 2 s
tAH Address Hold Time 0 0 us
toEH OE Hold Time 2 2 ps
toH Data Hold Time 2 2 us
tor Chip Enable to Output Float Delay 0 130 0 130 ns
tpy Data Valid from CE CE=V|,OE=V)_ 1 1 us
trw CE Pulse Width during Programming 45 50 55 9 10 11 ms
tpRT OE Pulse Rise Time during Programming 50 50 ns
tvr Vpp Recovery Time 2 2 5]




AC Test Conditions
Vee 8V £ 5% Timing Measurement Reference Level
Vpp 25V + 1V Inputs 1V and 2V
Input Rise and Fall Times <20 ns Outputs 0.8V and 2V
Input Pulse Levels 0.45Vto 2.4V
Programming Waveforms (note 3)
| PROGRAM PROGRAM
VERIFY
ADDRESSES ™ J ADDRESSN x
Vi .
Y
03]
Vin 4 DATAIN smns! Hiz_ | Vou OATA OUT VALID \
DATA .vu_—gt ADON ) or ADDN 1
tos ] -—'D" — | - --—-tDF(o‘")
2) 2} m MAX
Ve { "(*n“) | |—
OF/Vpp
Vo t0ES tow
(2)  [(4sOR8m| toey
tPRT ) W
(0.05) " (2)
Y\ F_——
@ Vin S Z
Vn K / N——

TL/D/5274-4

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

The input timing reference level is 1V for a V| _and 2V for a V|4.

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.
Note 2: Vo 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 uF capacitor is required across Vgg 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 level to 25V.

Read Mode

The NMC27C32 has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,
independent of device selection. Assuming that addresses
are stable, address access time (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-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 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
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. 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.
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NMC27C32

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 uF 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). 1t
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 pW/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 uF ce-
ramic capacitor be used on every device between Vg 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 Voo 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-Z
Output Disable Don’t Care VIH 5 Hi-Z
Program ViL Vpp 5 Din
Program Verify ViL ViL 5 Dout
Program Inhibit VIH Vpp 5 Hi-Z




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-| p|n 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

W Clocked sense amps for fast access time down to
150 ns

m Low CMOS power consumption
— Active Power
— Standby Power

m Optimal EPROM for total CMOS systems

m Single 5V power supply

m Extended temperature range (NMC27C32BQE), —40°C
to +85°C, available

| Pin compatible with NMOS 32k EPROMs

m Fast and reliable programming—100 us typical/byte

m Static operation—no clocks required

m TTL, CMOS compatible inputs/outputs

m TRI-STATE® output

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

m High current CMOS level output drivers

55 mW Max
0.55 mW Max

Block Diagram

DATA OUTPUTS 0p-07

Vee O—> ,
GND O—> Pin Names
no—s Lt
] A0-A11 Addresses
OE ——»} OQUTPUT ENABLE > == )
AND CHIP > QuTPUT E Chip Enable
Ce ENABLE LOGIC " BUFFERS OE/Vpp Output Enable/
Programming
( —p) > Voitage
—> Y . _
, DECODER . Y GATING 0p-07 Outputs
— -
AD-A
ADDRESS .
NRTS | — X * 32,768 BIT
—>] DECODER * CELL MATRIX
= .
L]
—P —
L —>]

TL/D/8827-1
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NMC27C32B

Connection Diagram

Order Number NMC27C32BQ
See NS Package Number J24AQ

Commerclal Temp Range (0°C to

+70°C) Vee = 5V 5%

Parameter/Order Number

Access Time (ns)

NMC27C32BQ15

150

Commercial Temp Range (0°C to

+70°C) Veg = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C32BQ1150 150
NMC27C32BQ200 200
NMC27C32BQ250 250

Extended Temp Range (—40°C to

+85°C) Vec = 5V £10%

Parameter/Order Number

Access Time (ns)

NMC27C32BQE200

200

NMC27C32BQE250

250

27C256 | 27C128 | 27C64 | 27C16 27C16 | 27C64 | 27C128 | 27C256
27256 | 27128 | 2764 | 2716 2716 2764 27128 27256
Vee Vee Vep Dualt:mfﬁ';c:azcakage E LCE Vee
A12 A12 A12 PGM PGM Al4
A7 A7 A7 A7 A7 =11 A 24V Vee NC A13 A13
A6 A6 A6 A6 A6 =42 23— A8 A8 A8 A8 A8
A5 A5 A5 A5 A5=—3 22— A9 A9 A9 A9 A9
A4 A4 A4 A4 Ad—14 21 = At1 Vpp A1l A1 A1
A3 A3 A3 A3 A3—s 20 [—0E/ Vpp OE OE OE OE
A2 A2 A2 A2 A2—16 19— A10 A10 A10 A10 A10
A1 A1 A1 A1 A1—]7 18f—CE CE CE CE CE
A0 A0 A0 A0 A0 -8 17— 0, ) O7 O7 O7 O7
Op Op Og Op 0p—19 16 = 0¢ Os Og Os¢ O¢
04 04 04 04 0y—110 15§05 Os Os5 Os Os
02 02 02 02 02 -111 14— 04 04 04 04 04
GND GND GND | GND GND—] 12 13~ 03 O3 O3 O3 O3
TL/D/8827-2
Note: Socket compatible EPROM pin config: ns are shown in the blocks adjacent to the NM’027CSZB pins.
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COMMERCIAL TEMPERATURE RANGE

Absolute Maximum Ratings (Note 1)

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

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 +14.0Vto —0.6V

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

(Mil Spec 883C, Method 3015.2) 2000V

Respect to Ground +7.0Vto —0.6V Operating Conditions (ote 6)
All Input Voltages except A9 Temperature Range
and OE/Vpp with NMC27C32BQ150, 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 except NMC27C32BQ15 +5V £5%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
L Input Load Current Vin = Voo or GND 0.01 1 HA
Ipp OE/Vpp Load Current OE/Vpp = Vgg or GND 10 MA
Lo Output Leakage Current Vout = Vccor GND, CE = Vi 0.01 1 MA
lcet Ve Current (Active) CE=V|f=1MHz 8 20 mA
TTL Inputs Inputs = Vg or V|, I/0 = 0 mA
lccz Ve Current (Active) CE = GND, f = 1 MHz 3 10 mA
CMOS Inputs Inputs = Vgg or GND, I/0 = 0 mA
lccsBl Vcc Current (Standby) CE=Vj 0.1 1 mA
TTL Inputs
lccsa2 g&% (;ulrr:zzt sfStandby) E = Ve 05 100 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 0.45 v
VoH1 Output High Voltage loy = —400 pA 2.4 v
VoL2 Output Low Voltage loL = 10 pA 0.1 v
VoH2 Output High Voltage loy = —10 pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C32B
Symbol Parameter Conditions Q15,Q150 Q200, QE200 Q250, QE250 Units
Min | Max Min Max Min Max
tacc Address to Output Delay CE=0E =V 150 200 250 ns
tce CE to Output Delay OE =V 150 200 250 ns
toe OE to Qutput Delay CE =V 60 60 70 ns
toF OE High to Output Float CE=Vy 0 50 0 60 60 ns
tcr CE High to Output Float OE = V)L 0 50 0 60 60 ns
toH Output Hold from Addresses, | CE = OE = V).
CE or OE, Whichever 0 0 0 ns
Occurred First
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NMC27C32B

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

Symbol Parameter Conditions | Typ | Max | Units

Cint Input Capacitance except OE/Vpp | Vi = OV 6 8 pF

Cin2 OE/Vpp Input Capacitance ViN = 0V 25 | 28 pF

Cout Output Capacitance VouTr=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 (Note 7)

fC L
2.0v L
ADDRESSES ADDRESSES VALID o X
17
—_— O — —
¢ v |\ « /|
3J G—tcr —
I-—‘cg — (NOTES 4, 5)
N 230 \ ‘o /
to v tor
S "I (NOTE3) [~ ‘e | (NorEs 4,5) ‘;" 2
OUTRUT S VALID OUTPUT . A
’ tace v
(NOTE 3) ~ilonle-

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. Exposure to absolute
maximum rating conditions for extended periods may atfect 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 Vo1 (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 caretul device decoupling. It is recommended that at least a 0.1 uF ceramic capacitor be used on
every device between Vcg 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: loL = 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, except for OE/Vpp which cannot exceed —0.2V.
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=
. i . =
Programming Characteristics (Notes 1,2,3&4) o
N
Symbol Parameter Conditions Min Typ Max Units ?-', )
tas Address Setup Time 1 us ‘,‘3
toes OE Setup Time 1 ps @
tps Data Setup Time 1 1S
tvcs Ve Setup Time 1 pus
tAH Address Hold Time 0 LS
tDH 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 pus
toEH OE Hold Time 1 ns
toy Data Valid from CE OE =V_ 250 ns
tpRT OE Pulse Rise Time
X . 50 ns
During Programming
tvh Vpp Recovery Time 1 s
lpp Vpp Supply Current During CE = V), a0 mA
Programming Pulse OE = Vpp
lcc Vce Supply Current 10 mA
TaA Temperature Ambient 20 25 30 °C
Voo 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 Vv
VIH Input High Voltage 24 4.0 \'
N 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 Ps%%%?’
ADDRESSES 27 ADDRESS N . X
2
.lAS_..(
i Hi-Z 2v 55
DATA N STABLE X
DATA 08V a0 N ] DATA OUT VALD  ADD N
tos ton tov ter
12.5V 'QA_"'
OENpp -
Y
45
Yo tow torn
tegr = ‘VR_’l
-~ - e
& B N
. S
. /
Vg 6.0V
ov
TL/D/8827-4
Note 1: National’s standard product warranty applies only to devices programmed to specifications described herein.
Note 2: 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 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¢ 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.
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NMC27C32B

Fast Programming Algorithm Flow Chart (Note 4)

START

CADDR = FIRST LOCATI(D
|

C vcc=e..25v )

ROGRAM ONE 100 ;i5 PULSE

_’Q WITH Vo = 1275V >
|

( INCREMENT X )
|

C = )

FALL DEVICE

FAILED

INCREMENT ADDR

LAST ADDR?

Voo =5.0V

VERIFY
ALL BYTES
PASS

DEVICE PASSED

DEVICE
FAILED

TL/D/8827-5
FIGURE 1
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Interactive Programming Algorithm Flow Chart (note 4)

START

CADDR = FIRST LOCATION )

|
v°c=sov )

INCREMENT ADDR

-p

PROGRAM ONE 0.5ms PULS
WITH Vpp = 12,5V

|
L INCREMENT X )
|

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/8827-6
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NMC27C32B

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 level to 12.75V.

Read Mode

The NMC27C32B has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (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 the 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 NMC27C32B has a standby mode which reduces the
active power dissipation by 99%, from 55 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
oceur.

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.

Prograrhmlng

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. It is required that at least a 0.1 pF capaci-
tor be placed across Ve and ground to suppress spurious
voltage transients which may damage the device. The data
to be programmed is applied 8 bits in parallel to the data
output pins. The levels required for the address and data
inputs are TTL.
When the address and data are stable, an active low, TTL
program pulse is applied to the CE input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC27C32B is programmed with the Fast
Programming Algorithm shown in Figure 1. Each Address is
programmed with a series of 100 us 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

L . L applied to the CE input programs 'the paralleled
To most efficiently 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 ViH 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
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Functional Description (continueq)

Program Inhibit

Programming multiple NMC27C32B in parallel with different
data is also easily accomplished. Except for CE all like in-
puts (including OF) 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 Vy, . 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, “8F01”, where “8F" designates that
it is made by National Semiconductor, and “01” 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 A0 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 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 lamps 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 NMC27C32B
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 NMC27C32B 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 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 Vgg 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 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 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 Og Os O4 O3 Oz 04 (o7} 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 0 1 01

TABLE [lI. Minimum NMC27C32B Erasure Time

Light Intensity
(LW/cm2)

Erasure Time
(Minutes)

15,000

20

10,000

25

5,000

50
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NMC27C64

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: 0.55 mW max

m Performance compatible to NSC800™ CMOS micro-
processor

| Single 5V power supply

m Extended temperature range (NMC27C64QE), —40°C
to +85°C, and military temperature range
(NMC27C64QM), —55°C to +125°C, available

B Pin compatible with NMOS 64k EPROMs

B Fast and reliable programming

W Static operation—no clocks required

m TTL, CMOS compatible inputs/outputs

N TRI-STATE® output

B Optimum EPROM for total CMOS systems

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

Block Diagram

DATA DUTPUTS 0p-07

Veg O p \
GND O——bp
mo— [NERRREN
OF =] OUTPUT ENABLE >
PGM = AND CHIP ~ OUTPUT Pin Names
OE ENABLE LOGIC > BUFFERS
G —>| v AO-A12 Addresses
3 CE Chip Enable
—p 4: —
—] Y . OE Output Enable
—»]  oecooen o Y GATING
, > 0p-07 Outputs
» PGM Program
—>
:gﬁn‘élsé —>] . NC No Connect
WPUTS | — X : 65,536-BIT
—p DECODER . CELL MATRIX
L]
L]
|3 >
—b|

TL/D/8634-1
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Connection Diagram

922N

27C512 27czssz7c123]27c32 27014 NMC27C64Q 27C16 | 27C32 [27C128| 27C256 |27C512

27512 | 27256 | 27128 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 27128 | 27256 | 27512
A15 | Vpp | Vpp Ve =1 B Ve Vec | Voo | Vec
A12 | A12 | A12 ARz =2 21 |— PeM PGM | A14 | A14
A7 A7 A7 | A7 | A7 AT —3 26— ne Vee | Vec | A13 | A13 | A13
A6 | As | A6 | As | ne a5 —4 25— us re | As | a8 | a8 | s
A5 | A5 | A5 | A5 | A5 hs —{5 28— p9 A9 A9 A9 A9 A9
A4 | A4 | A4 | A4 | A4 M —16 B— An Vep | A11 | A1 | AN Al1

A3 A3 A3 | A3 | A3 A3 —7 22— OF OE |[OE/vpp| OE OE |OE/Vpp
A2 | A2 A2 | A2 | A2 n—s 21— A0 A10 | A10 | A10 | A10 | A10
Al Al Al | Al | A1 A1 =—19 W= TE CE/PGM| CE | CE [CE/PGM| CE
A0 A0 A0 | A0 | AO AQ —q10 B—0 07 07 07 07 o7
Oo | O | Og | Og | Og 0 —] 18 [— 05 Og Os | O¢ Os Og
O1 | Of | Or | O1 | O o —{® v [ Os Os | Os | Os Os
[e7) (o)) (o) Oy | Og 0, —B B0, (o} Oy Oy Oy4 Oy
GND | GND | GND | GND | GND GND —q 14 15— 0; 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 210%

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 200
NMC27C64QM250 250

NOTE: For plastic DIP requirements please refer to NMC27C64N data sheet.




NMC27C64

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please 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)

Alil Output Voltages with

Respect to Ground (Note 10)

Vpp Supply Voltage and AS

Operating Temp. Range

Vo + 1.0V to GND—0.6V

Ve Supply Voltage with
Respect to Ground
Power Dissipation

Lead Temperature (Soldering, 10 sec.)

—10°Cto +80°C ESD Rating

(Mil Spec 883C, Method 3015.2)
—65°Cto +150°C

+7.0Vto —0.6V
1.0W
300°C

2000V

Operating Conditions (Note 7)

+6.5Vio —0.6V Temperature Range

NMC27C64Q15, Q150, 200, 250
NMC27C64QE150, 200
NMC27G64QM200, M250

0°Cto +70°C
—40°Cto +85°C
—55°Cto +125°C

with Respect to Ground V¢ Power Supply +5V +10%
During Programming +14.0Vto —0.6V except NMC27C64Q115 +5V +5%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
M Input Load Current Vin = Vg or GND 10 pA
Lo Output Leakage Current Vout = Vgg or GND, CE = V| 10 pA
lcci Ve Current (Active) CE=V|,f=5MHz 5 20 mA
(Note 9) TTL Inputs Inputs = Vijor V), I/0 = 0 mA
lcce Ve Current (Active) CE = GND, f = 5 MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, I/0 = O mA
lccssi Ve Current (Standby) CE =Vn 0.1 1 mA
TTL Inputs
lccssz X&COZUI:‘;:: S(Stamdby) E = Vco 05 100 A
Ipp Vpp Load Current Vpp = Ve 10 BA
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 \"
VoH1 Output High Voltage loy = —400 pA 24 \
VolL2 Output Low Voltage loL=0pA 0.1 v
Votz Output High Voltage lon = 0 pA Voo — 0.1 \
AC Electrical Characteristics
NMC27C64Q
Symbol Parameter Conditions 15, 150, E150 200, E200, M200 250, M250 Units
Min Max Min Max Min Max
tacc  |Address to Output Delay CE=D0E=Vy 150 200 250 ns
PGM = V|y
tce CE to Output Delay OE = V), PGM = Vjy 150 200 250 ns
toe OE to Output Delay CE = V|, PGM = V|y 60 60 70 ns
toF OE High to Output Float CE = V|,PGM = V| 60 0 60 0 60 ns
tcr CE High to Output Float OE = V|, PGM = Vi 60 0 60 0 60 ns
toH Output Hold from Addresses, | CE = OE = V|_
CE or OE, Whichever PGM = V|y 0 0 ns
Occurred First




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

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN = OV 6 8 pF

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

Ci = 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 (Notes6 & 9)

| {C
2.0V )J
ADDRESSES gy ADDRESSES VALID
- . (C
)J
] eeee—
— 720V \
CE oy N /
JJ
t, f— tCF —
CE (NOTES 4,5)
— 70V \
OF o8y e /
t J)J {DF
0E le— —
(NOTE 3) e (NOTES 4,5)
2.0V Hi-Z V) EANANY, Sl
OUTPUT 557 VALD OUTPUT 177771
JJ
tace —o gyl
(NOTE 3)

TL/D/8634-3

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

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: 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 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. It is recommended that at least a 0.1 puF ceramic capacitor be used on
every device between Vcg 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: lop. = 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.
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NMC27C64

Programming Characteristics (votes 1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 ns
toes OE Setup Time 2 ps
tcEs CE Setup Time 2 us
tps Data Setup Time 2 us
tvps Vpp Setup Time 2 us
tvcs Ve Setup Time 2 ns
tAH Address Hold Time 0 ns
toH Data Hold Time 2 us
tor Output Enable to Output Float Delay CE=VL 0 130 ns
tpw Program Pulse Width 0.45 0.5 0.55 ms
to Data Valid from OE CE=v, 150 ns
Ipp Vpp Supply Current During C__E;—— ViL 30 mA
Programming Pulse PGM = V|
lcc Vce 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 12.2 13.0 133 Vv
trR - 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 20 v
tout Output Timing Reference Voltage 08 1.5 2.0 \'




Programming Waveforms (note 3)

RAM
|“—— PROGRAM PRvg%rY
w 45
ADDRESSES 2%, ADDRESS N .
PP
Us
il DATA IN STABLE N__Hi~Z
DATA G ADN__ 's
tos ton
(-
6.0V
A/
{5
13.0v ?
Vep / typs
CE oav I3
a7
be—tees o]
=3z
FoH 3y
t
Ew ‘-*o:s*l ~—tor—
O 3y ’SL (s /
TL/D/8634-6
Note 1: National's standard product warranty applies to devices prog d 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 ding this 14V i 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 interactive Program Algorithm, at typical power supply voltages and timings.
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Interactive Programming Algorithm Flow Chart
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( ADDR = FIRST LOCATION )
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Functional Description

DEVICE OPERATION

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

Read Mode

The NMC27C64 has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (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 NMC27C64 has a standby mode which reduces the
active power dissipation by 99%, from 55 mW to 0.55 mW.
The NMC27C64 is placed in the standby mode by applying
a CMOS high signal to the CE input. When in standby mode,
the outputs are in a high impedance state, independent of
the OE input.

Output OR-Tying

Because NMC27C64s are usually used in larger memory
arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

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

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

Programming

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

Initially, all bits of the NMC27C64 are in the “1” state. Data
is 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 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.

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

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

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

TABLE I. Mode Selection

Pins CE OE PGM Vpp Vee Outputs

Mode (20) (22) 27) (1) (28) (11-13,15-19)
Read ViL ViL VIH 5V 5V Dout
Standby Vi Don’t Care Don’t Care 5V 5V Hi-Z
Output Disable Don’t Care ViH VIH 5V 5V Hi-Z
Program ViL ViH 13v eV Din
Program Verify ViL ViL ViH 13V 6V Dout
Program Inhibit VIH Don't Care Don't Care 13V 6V Hi-zZ
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Functional Description (continued)

Program Inhibit

Programming multiple NMC27C64s in parallel with different
data is also easily accomplished. Except for CE all like in-
puts (including OE and PGM) of the parallel NMC27C64
may be common. A 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 level CE input
inhibits the other NMC27C64s from being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 13.0V. Vpp must be at
Vg, 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 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.

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/cm?2.

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 IlI
shows the minimum NMC27C64 erasure time for various
light intensities.

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

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated Vg transient voltage
peaks can be suppressed by properly selected decoupling
capagcitors. 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 Og Os5 O4 O3 [e73 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 Cc2

TABLE Iil. 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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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. ltis 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

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

m Pin compatible with all 64k EPROMs

®m Fast and reliable programming

m Static operation—no clocks required

m TTL, CMOS compatible inputs/outputs

NF90.20NN

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.

m TRI-STATE® output

m Optimum PROM for total CMOS systems

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

Block Diagram

DATA OUTPUTS 0p-0;

Vee O—> P -

GND O=—p-

mo—> [ERRREA

OE —>{ OUTPUT ENABLE >
GM =] AND CHIP ‘ OUTPUT
CE —p] ENABLE LOGIC > BUFFERS Pin Names
A0-A12 Addresses
(—p) > CE Chip Enable
—>] Y . —=
DECODER . Y GATING OE Output Enable
— > 0p-07 Outputs
PGM Program
A0-a12 | —¥ g
ADDRESS { =P > NC No Connect
WPUTS | — X : 65,538-8IT
—> DECODER . CELL MATRIX
> .
L]
{ —> >

—|

TL/D/9686-1
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Connection Diagram

127C512(27C256|27C128/27C32 27c1s| NMC27C64N 27C16 | 27C32 [27C128| 27C256 |27C512

27512 | 27256 | 27128 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 27128 | 27256 | 27512
A15 | Vpp | Vpp Vep —1 28— vee Vec | Vec | Veo
A12 A12 A12 A12 =2 27 e POM PGM Al4 Al4
A7 A7 A7 A7 A7 AT —q3 26— ne Veo Veo A13 A13 A13
A6 A6 A6 A6 | A6 A6 — 4 25 }— a8 A8 A8 A8 A8 A8
A5 A5 A5 A5 A5 AS =4 § 24 e A9 A9 A9 A9 A9 A9
Ad Ad A4 A4 | A4 A —16 23— ATl Vpp At1 A1 Al A1

A3 A3 A3 A3 | A3 A3 7 22} OF OE [OE/vpp| OE OE |[OE/Vpp
A2 A2 A2 A2 A2 A2~ 8 21— A1) A10 A10 A10 A10 A10
Al Al Al | A1 | Al A —]9 20— tE ICE/PGM| CE CE [CE/PGM| CE
AO | A0 | A0 | A0 | AO A0 —{ 10 wl—o 07 07 | 07 o7 07
Op Op O Op | Oo 0g —f 11 1B —0; Og Og Og Og Og
04 04 01 | 01| O 0y =12 i el Os Os Os Os Os
o7} (o]} (o]} 0z | Oz 0, =4 13 16 =0, O4 Q4 Oy O4 04
GND | GND | GND | GND | GND GND —] 14 15 b o O3 03 [o O3 o

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)
Vee = 5V £10%

Parameter/Order Number

Access Time (ns)

NMC27C64N150 150
NMC27C64N200 200
NMC27C64N250 250

(For Non Commerclal Temp. Range Parts, Call Factory)
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability 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

~10°Cto +80°C

—-65°Cto +150°C

+6.5Vto —0.6V

Vog+ 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 (Note7)
Temperature Range
Ve Power Supply

0°Cto +70°C

with Respect to Ground NMGC27C64N150, 200, 250 +5V £10%

During Programming +14.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current VIN = Vgg or GND 10 pA
ILo Output Leakage Current Vout = Vcc or GND, CE = Vi 10 nA
lcct Ve Current (Active) CE = V), f = 5MHz 6 20 mA
(Note 9) TTL Inputs Inputs = Viyor V|, 170 = 0 mA
lcce Vg Current (Active) CE = GND, f = 5 MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vggor GND, 170 = 0 mA
lccsB1 Vg Current (Standby) CE =V 04 1 mA

TTL Inputs
lccse2 \é(h;ﬁ% (;ulrr:;a):: S(Standby) E = Vce 05 100 A
Ipp Vpp Load Current Vpp = Vce 10 LA
ViL Input Low Voltage ~0.1 0.8 \
ViH Input High Voltage 2.0 Voo + 1 \
VoLt Output Low Voltage loL = 2.1 mA 0.45 \"
VoH1 Output High Voltage loq = —400 mA 2.4 A
VoL2 Output Low Voltage loL =0 pA 0.1 \
VoH2 Output High Voltage lon = O nA Vee — 0.1 "
AC Electrical Characteristics
NMC27C64N
Symbol Parameter Conditions 150 200 250 Units
Min Max | Min Max | Min Max
tacc Address to Output Delay %}; S_I\E/I: ViL 150 200 250 ns
tce CE to Output Delay OE = V|LPGM = V|4 150 200 250 ns
toe OE to Output Delay CE = ViLPGM = Vi 60 60 70 ns
toF OE High to Output Float CE = V), PGM = Vi 0 60 0 60 0 60 ns
tcr CE High to Output Float OE = V|,PGM = Vi 0 60 0 60 0 60 ns
ton Output Hold from Addresses, | CE = OE = V),
CE or O, Whichever PGM = Vi 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 5 10 pF

Cout Output Capacitance Vout = OV 8 10 pF
AC Test Conditions
Output Load 1TTL 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&9)

rgs 1

J
ADDRESSES 27 N ADDRESSES VALID o X
el
_ — P
2V \
CE 0.8v 55 /
le—tap —»!
tee NOTES 4,5,

oF 2V \

OF 0.8v 5
J tor L e tor e

] (NOTE 3)

v |Hi=Z 9 ol Hi-Z
- L4 AANAY =,
OUTPUT ] VALID OUTPUT . W)
le tacc o - t,
(NOTE 3) L

TL/D/9686-3

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

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: 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 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 EPROMs require careful device decoupling. it is recommended that at least a 0.1 uF ceramic capacitor be used on
every device between V¢ and GND.

Note 7: The outputs must be restricted to Vo + 1.0V to avoid fatch-up and device damage.
Note 8: 1 TTL Gate: lg. = 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 —0.2V for 20 ns Max.
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Programming Characteristics (Notes1,2,354)

N¥9222ONN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 s
toes OE Setup Time 2 us
tces CE Setup Time 2 ns
tps Data Setup Time 2 us
tvps Vpp Setup Time 2 us
tvcs Ve Setup Time 2 us
taH Address Hold Time 0 us
toH Data Hold Time 2 s
toF Output Enable to Output Float Delay CE=vV ] 130 ns
tpw Program Pulse Width 0.45 0.5 0.55 ms
toE Data Valid from OE CE=V) 150 ns
lpp Vpp Supply Current During C__§_= ViL 30 mA
Programming Pulse PGM =V,

lcc Vcc 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 12.2 13.0 133 \
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage ) 0.0 0.45 Vv
ViH Input High Voltage 2.4 4.0 \
tin Input Timing Reference Voltage 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 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 voltages and timings.
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Programming Waveforms (ote 3)
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TL/D/9686-4
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Interactive Programming Algorithm Flow Chart
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( ADDR = FIRST LOCATION)
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NMC27C64N

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C64N are listed in
Table . It should be noted that all iniputs for the six modes
are at TTL levels. The power supplies required are Vcg 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 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 (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-toE.

The sense amps are clocked for fast access time. Vgg
should therefore be 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 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
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
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. Itis 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 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 nparalleled
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 1. Mode Select

Pins CE OE PGM Vep Vee Outputs

Mode (20) (22) (27) (1) (28) (11-13, 15-19)
Read ViL ViL 5V 5V DouTt
Standby Don’t Don’t .

ViH Care Care v 5V Hi-2
Program ViL ViH 13.0V 6V Din
Program Verify ViL ViL ViK . 13.0V 6V Dout
Program Inhibit Don't Don’t '

VIH Care Care 13.0v 6V Hi-Z
Output Disable Don’t "

P Care ViH Vin 5V 5V Hi-Z
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Functional Description (continued)

Program Inhibit

Programming multiple NMC27C64Ns in parallel 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
Ve, 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 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 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 Vi_. Address AO is held at V;_ for the manufacturer's
code, and at Vi for the device code. The cods 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 pF ceramic capacitor
be used on every device between Vgc 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 1l. Manufacturer's Identiflcation Code

Pins Ap 07 Og [¢]3 04 O3 73 04 Oo 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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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 £5% or +10% tolerance. The
CMOS design 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 150 ns
B Low CMOS power consumption

— Active Power: 110 mW max

— Standby Power: 0.55 mW max
m 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 EPROMs
Fast and reliable programming—100 us typical/byte
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 contro!
m High current CMOS level output drivers

Block Diagram
NMC27C128B
DATA QUTPUTS 0o-0;
Vec O—> , \
GND O——b
mo— ITItITtt
OE—>! OUTPUT ENABLE | Pin Names
PGM =91 AND CHIP > OUTPUT A0-A13 Addresses
T —-p] ENABLE LOGIC > BUFFERS —
CE Chip Enable
(] — OE Output Enable
> Y * 0p-0 Outputs
. DECODER N Y GATING 0-07 p
— > PGM Program
> NC No Connect
a—a3 |
ADDRESS { =" N
WIS [ —» X . 65,536-B1T
—>»]  DEcoDER : CELL MATRIX
—’ .
_’ .
—> >
.

TL/D/9689-1
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Connection Diagrams

27C512|27C256(27C64/|27C32(27C16

NMC27C128B

Dual-In-Line Package

27512 | 27256 | 2764 | 2732 | 2716
A15 | Vep | Vpp Ver ]!
A2 | A2 | A2 A12=2
A7 | a7 | A7 | A7 | A7 A7T—13
A6 | As | A6 | A6 | A6 AG—14
A5 | As | A5 | A5 | s AS—]5
At | A4 | Ad | A | A4 A4—16
A3 | A3 | A3 | A3 | A3 A3—7
A2 | A2 | A2 | A2 | A2 A2—8
Al | AT | AT oA A A9
A0 | A0 | A0 | A0 | A0 AD—]10
O | 0o | 0o | Op | Og Op—q "
04 o | oy | o | o 0112
0, | 02 | 0] 0| O 0,113
GND | GND | GND | GND | GND GND—]14

28
27
26
25
24
23
22
21
20
19

27C16 | 27C32 [27C64| 27C256 | 27C512
2716 | 2732 | 2764 | 27256 | 27512

—Vee Vee | Voo | Veo
— PGM PGM| A14 | A14
—A13 Vec | Voo | NG| A13 | A13
—AB A8 A8 | A8 | A8 A8
—A3 A9 A9 | A9 | A9 A9
Al Vep | A1 | A1 A1 | AN
— OF OE |OE/Vpp| OE OE |OE/Vpp
—A10 A10 | At0 [ A10| A10 | At0
—CE ICE/PGM| CE | CE [CE/PGM| CE
—07 07 0; | 0, | O O7
—0g Og Og Og Og Og
05 Os Os | 05 | 0Os Os
0y Q4 O4 Oy4 Oy O4
—03 O3 O3 O3 O3 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%

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

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C128BQ150 150 NMC27C128BQ15 150
NMC27C128BQ200 200 NMC27C128BQ20 200
NMC27C128BQ250 250 NMC27C128BQ25 250

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

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

Parameter/Order Number

Access Time (ns)

Parameter/Order Number

Access Time (ns)

NMC27C128BQE150

150

NMC27C128BQM150

150

NMC27C128BQE200

200

NMC27C128BQM200

200

NOTE: For plastic DIP and surface mount PLCC package requirements please refer to NMC27C 128BN datasheet.
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NMC27C128B

COMMERCIAL TEMPERATURE RANGE

Absolute Maximum Ratings (Note 1)
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

Respect to Ground (Note 10)
Vpp Supply Voltage and A9

with Respect to Ground

+6.5Vto —0.6V

Vec+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)
Temperature Range
Ve Power Supply

0°Cto +70°C

During Programming +14.0Vto —0.6V NMC27C128BQ150, 200, 250 +5V £10%
Vce Supply Voltage with NMC27G128BQ15, 20, 25 +5V 5%
Respect to Ground +7.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current ViN = Vg or GND 0.01 1 HA
ILo Output Leakage Current Vout = Vg or GND, CE = Viy 0.01 1 pA
lcct Vgg Current (Active) CE =V, f=5MHz 10 30 mA
(Note 9) TTL Inputs Inputs = Viyor V), I/0 = 0mA
lcc2 Ve Current (Active) CE = GND, f = 5MHz 8 20 mA
(Note 9) CMOS Inputs inputs = Vgg or GND, I/0 = 0 mA
lccsei Ve Current (Standby) CE = Vi 04 1 mA
TTL Inputs
lccs2 g&co%u{r:ig: s(Standby) CE = V¢ 0.5 100 A
Ipp Vpp Load Current Vpp = Voo 10 nA
ViL Input Low Voltage -0.2 0.8 v
VIH Input High Voltage 2.0 Voo + 1 v
VoLi Output Low Voltage . loL = 21mA 0.40 \"
VoH1 Output High Voltage loH = —2.5mA 3.5 \
VoL Output Low Voltage loL = 10 pA 0.1 \
Vonz Output High Voltage loy = —10 nA Vee — 0.1 \
AC Electrical Characteristics
) NMC27C128B
Symbol Parameter Conditions Q15,Q150 Q20, Q200 Q25, Q250 Units
Min Max Min Max Min Max
tace Address to Output Delay CE = P_E =V 150 200 250 ns
PGM = V|y
tcE GE to Output Delay OE = V), PGM = Viy 150 200 250 ns
toE OE to Output Delay CE = V|, PGM = V|4 60 75 100 ns
tor OE High to Output Float CE = V|LPGM = Vi 0 50 0 55 0 60 ns
toF GE High to Output Float OE = V;, PGM = V| 50 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = V|_
CE or OE, Whichever PGM = V|y 0 0 0 ns
Occurred First
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-4
MILITARY AND EXTENDED TEMPERATURE RANGE 3
N
. . ~
Absolute Maximum Ratings (Note 1) o
It Military/Aerospace specified devices are required, Vcc Supply Voltage with 3.?
please contact the National Semiconductor Sales Respect to Ground +7.0Vto —0.6V [v3]
Office/Distributors for avalilabllity 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
All Input Voltages except A9 with (Mil Spec 883C, Method 3015.2) 2000V
Respect to Ground (Note 10) +6.5Vto —0.6V } .
All Output Voltages with Operating Conditions (note 7)
Respect to Ground (Note 10) Vgc+ 1.0V to GND—0.6V Temperature Range
Vpp Supply Voltage and A9 NMC27C128BQE150, 200 —40°Cto +85°C
with Respect to Ground NMC27C128BQM150, 200 —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
I Input Load Current ViN = Vo or GND 10 HA
Lo Output Leakage Current Vout = Vegor GND, CE = Viy ) 10 RA
lect Ve Current (Active) CE = V|, f = 5MHz 10 30 mA
(Note 9) TTL Inputs Inputs = Viyor V|, I/0 = O mA '
lccz Ve Current (Active) CE = GND, f = 5 MHz 8 20 mA
(Note 9) CMOS Inputs Inputs = Vgg or GND, 1/0 = 0 mA
lccsBt Vcc Current (Standby) CE =V 01 1 mA
TTL Inputs
lccsa2 Ve Current (Standby) CE = Veo
CMOS Inputs 05 100 HA
Ipp Vpp Load Current Vep = Voo 10 HA
Vi Input Low Voltage -0.2 0.8 \"
ViH Input High Voltage 2.0 Vee + 1 "
VoLt Output Low Voltage loL = 2.1mA 0.40 \ ,
VoH1 Output High Voltage loH = —1.6mA 3.5 v
VoL2 Output Low Voltage loL = 10 pA 0.1 \
VoH2 Output High Voltage loy = —10 nA Vee — 0.1 v
AC Electrical Characteristics
NMC27C128BQ
Symbol Parameter Conditions E150, M150 E200, M200 Units
Min Max Min Max
tacc Address to Output Delay E = OE = V| 150 200 ns
PGM = V|y
tce CE to Output Delay OE = V;,PGM = V| 150 200 ns
toE OE to Output Delay CE =V, PGM = Vi 60 75 ns
tor OE High to Output Float CE = V), PGM = Vjy 0 50 0 55 ns
toF CE High to Output Float OE = V)|, PGM = V|4 0 50 0 55 ns
toH Output Hold from Addresses, CE=0E=V,
CE or OE, Whichever PGM = Vi 0 0 ns
Occurred First
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NMC27C128B

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

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

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

AC Waveforms (notess, 7&9)

£C L

2.0v 3 M -
ADDRESSES 33 ADDRESSES VALID oo X
2
e S
2oV |\
CE Gav : {5 /
e}y Fe—tor—
'._tcg — . NOTES 4, 5)
OE 2. »
I\ |
t it t
OF . OF
207 |iez ”’l(NOTzs) I ‘e _.NOTES4.5)‘;. S
OUTPUT et VALID OUTPUT ©, I —
0.8V { fmr
tacc h C =ty
T (NoTE3) T ToH=

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 thrs speclflcatlcn 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 — tor after the falling edge of TE without impacting tacc.
Note 4: The tpr and tcg 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 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 Vo + 1.0V to avoid latch-up and device damage.
Note 8: 1 TTL Gate: Io|. = 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.




Programming Characteristics (notes1,2,3 8 4)

8821 3220NN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 us
tces CE Setup Time OE = Vi 1 us
tps Data Setup Time 1 1S
tvps Vpp Setup Time 1 us
tvcs Ve Setup Time 1 us
tan Address Hold Time 0 us
toH Data Hold Time 1 us
toF Output Enable to Output Float Delay CE=V| 0 60 ns
trw Program Pulse Width 95 100 105 us
toe Data Valid from OE CE=V| 100 ns
Ipp Vpp Supply Current During C_i= ViL 30 mA
Programming Pulse PGM = V|
Icc 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 125 12.75 13.0 \
trR 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 v
tout Output Timing Reference Voltage 0.8 1.5 2.0 v

Programming Waveforms (Note 3)

PROGRAM PROCRAM
ADDRESSES 23y ADDRESS N
Qs [ |
A TATA W STABLE HizZ v
DATA 55V ADD N ' ADD N
tos N [t
80V 55
Vee
—{_*&.
125 55—
Vep /1 tws
& o N__
l-—‘cts -
. s
Py
m .-cm-.l e tor —1
o S
OF ggv N
‘——SS—/ TL/D/9689-4

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 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 wF 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.
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NMC27C128B

Fast Programming Algorithm Flow Chart (note 4)

START

( ADDR = FIRST LOCATION )

Ve =6.25V
Vg = 12.75V

»
L

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

INCREMENT ADDR

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

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

START

CADDR = FIRST LOCATION )
Ve =6.0V
Vpp = 125V

—'P(FROGRAM ONE 0.5 ms PULSE)
INCREMENT X

INCREMENT ADDR

LAST ADDR?
YES

Vee=Vpp=5.0V £ 5%

DEVICE
FAILED

DEVICE
FAILED

VERIFY
ALL BYTES

PASS

DEVICE PASSED

FIGURE 2

TL/D/8689-6
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NMC27C128B

Functional Description
DEVICE OPERATION

The six modes of operation of the NMC27C128B are listed
in Table I. It should be noted that all inputs for the six modes

~are at TTL levels. The power supplies required are 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 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 V} 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 to 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 NMC27C128B has a standby mode which reduces the
active power dissipation by over 99%, from 110 mW to
0.55 mW. The NMC27C128B is placed in the standby mode
by applying a CMOS high signal to the CE input. When in
standby mode, the outputs are in a high impedance state,
independent of the OE input.

Output OR-Tying )
Because NMC27C128Bs are usually used in larger memory
arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

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

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

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

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

Programming

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the
NMC27C128B.

Initially, and after each erasure, all bits of the NMC27C128B
are in the “1” state. Data is introduced by selectively pro-
gramming “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 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 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
NMC27C1288Bs.

TABLE I. Mode Selection

Pins CE OE PGM Vpp Vee Outputs

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

Read Vi Vi ViH Vee 5V Dout

Standby ViH Don't Don't Vee 5V Hi-Z
Care Care

Output Disable Don't ViH ViH Vee Y Hi-Z

Care

Program Vi ViH ViL 12.75V 6.25V DiN

Program Verify ViL ViL ViH 12.75V 6.25V Dourt

Program Inhibit VIH Don’t Don’t 12.75V 6.25V Hi-Z
Care Care
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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
Ve 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 Vj.. Address AQ 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 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
NMC27C128B'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 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 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 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 Voc 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 V¢ 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 |l. Manufacturer’s Identification Code

Pins AO [ O7 [ 0g | O5 | 04 | O3 [ O2 [ Oy | 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 Vgl 1 0 0 0 0 0 1 1 83

TABLE lll. Minimum NMC27C128B Erasure Time

Light Intensity
(2W/cm?2)

Erasure Time
(Minutes)

15,000

20

10,000

25

5,000

50
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NMC27C128BN

National
Semiconductor

NM027C1288N

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 £5% or £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 EPROM is fabricated with National's proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

Features

| Clocked sense amps for fast access time down

to 150 ns
m Low CMOS power consumption
— Active Power: 11.0 mW max
— Standby Power: 0.55 mW max
Optimum EPROM for total CMOS systems
Pin compatible with NMOS 128k EPROMs
Fast and reliable programming—100 us typical/byte
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 00-07

Voo O=——p p ~
GND O———bp
mo—> [t
0F —>] oum‘tg ::IAPBLE > ourPUT Pin Names
tE —»] ENABLE LOGIC > BUFFERS AO0-A13 Addresses
( CE Chip Enable
:q ' = OE Output Enable
Y GATING
:: DECODER R Op-07 Outputs
: PGM Program
a0-m3,88 | =]
ADDRESS { === >
INPUTS | —p] X : 131,072.8
—> DECODER . . CELL MATRIX
—p] .
= N
(| —]

TL/D/9690-1
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Connection Diagram

NE8¢IJ.ZONN

27C512|27C256|27C64(27C32(27C16 27C16 | 27C32 |27C64| 27C256 {27C512
27512 | 27256 | 2764 | 2732 | 2716 Duat-In-Line Package 2716 | 2732 | 2764 | 27256 | 27512
A15 | Vpp | Vpp ver —1 28} v, Vee | Veo Vee
A12 | A12 | A12 A12 —f 2 27— Fem PGM| A14 Al4
A7 A7 A7 | A7 | A7 A7 —13 pr] Vee Vec | NC A13 A13
A6 A6 A6 | A6 | A6 A6 —=d 4 25k— as A8 A8 A8 A8 A8
A5 A5 A5 | A5 A5 A5 =15 24— ag A9 A9 A9 A9 A9
A4 A4 Ad | A4 | A4 M —a6 23— Ay Vep A1l | A1 A1 A1l
A3 A3 A3 [ A3 A3 A3 —q7 2b— o8 OE [OE/Vpp| OE OE |OE/Vpp
A2 A2 A2 [ A2 | A2 A2 —d 8 21— at0 A10 A10 | A10} A10 A10
Al Al Al | A1 | Al A~ Py - LCTE/W CE | CE [CE/PGM| CE
A0 A0 A0 | A0 | AO AD —4 10 19 f—0; 07 O7 07 Oy O7
Op Op Oo | Op Oo 0g =g 11 18 |— 04 Og ’05 O¢ Og Os
(o] 04 04 04 04 0y =1 12 17— 05 Os Os Os Osg Os
(0]} [} 02 (073 O2 0413 16 =0, Oq4 Oy Oy Og4 04
GND | GND [ GND | GND | GND GND =——q 14 15 = 0, 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)
Vee = 5V £5%

Parameter/Order Number Access Time (ns)
NMC27C128BN15 150
NMC27C128BN20 200
NMC27C128BN25 250

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

Parameter/Order Number Access Time (ns)
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,
please contact the National Semiconductor Sales
Office/Distributors for availablility 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

—10°Cto +80°C

—65°Cto +150°C

+6.5Vto —0.6V

Veo+ 1.0V to GND—0.6V

Vce 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
Vcc Power Supply

0°Cto +70°C

with Respect to Ground NMC27C128BN150, 200, 250 +5V £10%
During Programming +14.0Vto —0.6V NMC27C128BN15, 20, 25 +5V +5%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
u Input Load Current ViN = Vgg or GND 0.01 1 pA
ILo Output Leakage Current Vout = Vcc or GND, CE = Vi 0.01 1 pA
loct Ve Current (Active) CE=V|,f=5MHz 10 a0 mA
(Note 9) TTL Inputs Inputs = Viyor Vi, 1/0 = 0 mA .
lccz Ve Current (Active) CE = GND, f = 5 MHz 8 20 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA
lccss1 Vcc Current (Standby) CE=VH 0.4 1 mA
TTL Inputs
lccsB2 g&% C;ulr:;::s(Standby) CE = Veo 05 100 pA
Ipp Vpp Load Current Vpp = Voo 10 pA
ViL Input Low Voltage -0.2 0.8 \"
ViH Input High Voltage 2.0 Vee + 1 \"
VoLt Output Low Voltage loL = 2.1mA 0.40 \"
VoH1 Output High Voltage loH = —2.5mA 35 \
Vo2 Output Low Voltage loL = 10 A 0.1 "
VoHz2 Output High Voltage loH = —10 pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C126B
Symbol Parameter Conditions N15, N150 N20, N200 N25, N250 Units
Min Max Min Max Min Max
tacc Address to Output Delay CE=0E=V 150 200 250 ns
PGM = Viy
tce CE to Output Delay OE = V,,PGM = V| 150 200 250 ns
toE OE to Output Delay CE = V), PGM = Vi 60 75 100 ns
toF OE High to Output Float CE = V|,PGM = V| 0 50 0 55 0 60 ns
tcr CE High to Output Float OE = V|,LPGM = Vi 0 50 0 55 0 60 ns
toH 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, = +25C, f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CIN Input Capacitance VIN = OV 5 10 pF

Cout Output Capacitance Vourt = 0V 8 10 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 0.8Vand 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notes s, 7&9)

[} £
aooresses 20V W ADDRESSES VALID >
0.8V (c
R R
— 2.0V \ £
CE pav ‘ (C /|
JJ t
{, le— L
CE (NOTES 4,5)
—
— 20V
OF ov \ (c /|
fo[ 2 le— tDF —]
R |
(NOTE 3) ce (NOTES 4,5)
2.0V Hi=Z 35 L ARNNR Hi=Z
UTPUT gy - VALID OUTPUT Vosgsri
JJ
tace oty e
(NOTE 3)

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 — 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 Vpp¢ (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 pF ceramic capacitor be used on
every device between Vcc and GND.

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

Note 8: 1 TTL Gate: o, = 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.
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NMC27C128BN

Programming Characteristics (Notes1,2,38 4)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 us
tces CE Setup Time OE = Viy 1 ps
tos Data Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Vec Setup Time 1 us
tAH Address Hold Time 0 ns
toH Data Hold Time 1 us
toF Output Enable to Qutput Float Delay CE=V) 0 60 ns
tpw Program Pulse Width 95 100 105 s
toe Data Valid from OE CE=V| 100 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
Vee Power Supply Voltage 6.0 6.25 6.5 \
Vep Programming Supply Voltage 12.5 12,75 13.0 \"
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 A
Vi Input High Voltage 2.4 4.0 \
tiN Input Timing Reference Voltage 0.8 1.5 2.0 \
tour Output Timing Reference Voltage 0.8 1.5 2.0 \)
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Programming Waveforms (note 3)

Ng8¢IOZ2ONN

PROGRAM ——<—P523,RF¢M—»
ADDRESSES &Y, ADDRESS N > §<
- 55
A-l iAH e
OATA = DATA IN STABLE Hi-Z 555 orvaln
0.8v A0 N p SO L
tos toy tor
6.0V —55
Vee _./ tves
12.5v 55
Vep / typs
CE pav 55
ln—{CES —
PR Gy / -
t
o F"ozs*’ —top —=
0 Qv "5‘ s /

TL/D/9690-4

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 Vgc.

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 Program Algorithm, at typical power supply voltages and timings.
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NMC27C128BN

Fast Programming Algorithm Flow Chart (ote 4)

START

( ADDR = FIRST LOCATION )

Vo= 6.25V
vPP =12.75V

PROGRAM ONE 100 us PULSE)

INCREMENT X

INCREMENT ADDR

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/9690-5
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Interactive Programming Algorithm Flow Chart (Note 4)

START

( ADDR = FIRST LOCATION )

PROGRAM ONE 0.5 ms PULSE)

INCREMENT X

INCREMENT ADDR

LAST ADDR?

Voo =Vpp =5.0V £ 5%

DEVICE
FAILED

DEVICE
FAILED

VERIFY
ALL BYTES

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 L. 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 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 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 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. Vg
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
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
NMC27C128BN.

Initially, and after each erasure, all bits of the
NMC27C128BN 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 Viy. 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 ps pulse.
Note: Some programmer manufacturers due to equipment limitation may
offer interactive program Algorithm (Shown in Figure 2).
The NMC27C128BN must not be programmed with a DC
signal applied to the PGM input.
Programming multiple NMC27C128BNs in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C128BNs may be connected together when
they are programmed with the same data. A low level TTL
pulse applied to the PGM input programs the paralleled
NMC27C128BNs.

TABLE I. Mode Selection

Pins CE OE PGM Vpp Vee Outputs

Mode (20) (22) (27) (1) (28) (11-13, 15-19)
Read ViL ViL ViH Vce 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 Vi ViH 12.75V 6.25V Dout
Program Inhibit Vi 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 NMC27C1288Ns PGM input with CE at
V| 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
Vo) 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 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 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). 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 sockst, the programmer
reads the code and then automatically calls up the specific
programming algorithm for the part. This automatic pro-
gramming control is only possible with programmers which
have the capability of reading the code.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated 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 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 Ao 07 0¢ 05 04 03 02 01 00 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 1 0 0 0 0 0 1 1 83
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NMC27C128BN

Package Information

6 SPACES AT
_0.050
[.210)

17

4

0.551:0.002
8 SPACES AT (12:0020.051)
N %5 0.490-0.530 0.590 £0.005 VIEW A-A
A {12.25-13.46) (14.9920.127)

(CONTACT DIMENSION)

0-045A4>l lem2132 ‘ M_JL_

(1.143) g (1.143)
x45° . x45°

0.390 —0.430

(9.906-10.92)
(BONTACT DIMENSION)
_0.015 0.013-0.021

0.032-0.040 038 ™ [0.330-0533) 0.100-0.140
{0.613-1.016) MIN ™ {2.540—3.556)

P I M T
P L iig)

005 —0.015 _f Jl‘ -
(0.127-0.381) PIN NO. 1 0.026 -0.032 f 0.060—0.095
IDENT {0.660—0.813) (1.524—2.413)
0.450 TP
-« (11.43)
0.485-0.495

(12.32-12.57)

. TL/D/9690-7
32-Lead PLCC Package

Order Number NMC27C128BV
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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 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
170 ns

m 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

m Pin compatible with NMOS 256k EPROMs

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

m Static operation—no clocks required

B TTL, CMOS compatible inputs/outputs

m TRI-STATE® output

m Optimum EPROM for total CMOS systems

Block Diagram

DATA QUTPUTS 05-07
Vee O—b p ~
GND O——>
no—s [HANEREA
OF =—d] OUTPUT ENABLE > - ) i
AND CHIP > OUTPUT Pin Names
CE—p| ENABLE LOGIC »> BUFFERS AO-A14 Addresses
( E Chip Enable
—> Y — _— OE Output Enable
> DECODER o Op-07 Outputs
—] \d —
PGM Program
AD-A14 | =P NC No Connect
ADDRESS { =] >
INPUTS | —; X ¢ 262,144-BIT
—b DECODER : CELL MATRIX
— :
. %
.

TL/D/7512-1
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NMC27C256

Connection Diagram

27C512|27C128{27C64(27C32(27C 16|
27512 | 27128 | 2764

2732 | 2716

A15 Vpp | Vpp
At12 A12 | A12
A7 A7 A7 A7 A7
A6 A6 AB A6 A6
A5 A5 A5 A5 A5
A4 A4 A4 Ad Ad
A3 A3 A3 A3 A3
A2 A2 A2 A2 A2
Al Al Al A1 A1l
AO AO AO AO AO
0o Op | Op | Oo | Og
0, 01 | O1 | O1 | O
o) O [ O2 | Oz | O
GND

AY

Al =

GND | GND | GND | GND

NMC27C256Q
Dual-In-Line Package
Vpp =41 28 == Ve
A2 —q2 27 f— Al
AT —d3 26 f=— A13
A5 —44 B
A5 —q5 24 b~ ng
[ [ 23— A1
7 22|~ 3
A2 —q38 21— A10
9 20 p—— CE/PGM
AQ =] 10 19 pe 07
0g—f 11 18 p— 0
0y —4 12 17 po== 05
0; — 13 16 =0,
GND —4 14 ™ - 03

TL/D/7512-2

27C16 | 27C32 (27C64(27C128(27C512
2716 | 2732 | 2764 | 27128 | 27512
Vee | Vec | Veo
PGM | PGM | A14
Vee Vee NC 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
CE/PGM| CE | CE | CE CE
O7 O7 O7 O7 07
Os O¢ Og Og Og
Os Os Os Os Os
O4 04 (o Q4 Oy
O3 O3 O3 O3 O3

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C256 pins.

Commerclal Temp Range (0°C to +70°C)

Order Number NMC27C256Q

See NS Package Number J28AQ

Commercial Temp Range (0°C to +70°C)

Vec = 5V £5% Ve = 5V £10%
Parameter/Order Number Access Time Parameter/Order Number Access Time
NMC27C256Q17 170 NMC27C256Q200 200
NMC27C256Q20 200 NMC27C256Q250 250
NMC27C256Q25 250 NMC27C256Q300 300

Extended Temp Range (—40°C to +85°C)

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

Vee = 5V £10% Ve = 5V £10%
Parameter/Order Number Access Time Parameter/Order Number Access Time
NMC27C256QE200 200 NMC27C256QM250 250
NMC27C256QE250 250 NMC27C256QM350 350

NOTE: For plastic DIP and surface mount PLCC package requirements please refer to NMC27C256BN data sheet.
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=
COMMERCIAL TEMPERATURE RANGE <§
Absolute Maximum Ratings (ote 1) Q
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 with Vce Supply Voltage with
Respect to Ground (Note 10) +6.5Vto —0.6V Respect to Ground +7.0Vto —0.6V
All Output Voltages with L .
Respect to Ground (Note 10) Vg + 1.0V to GND—0.6V Operating Conditions (note 7)
Vpp Supply Voltage with Respect Temperature Range 0°Cto +70°C
to Ground During Programming +14.0Vto —0.6V Vg Power Supply
NMC27C256Q17, 20, 25 5V £5%
NMC27C256Q200, 250, 300 5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
It Input Load Current ViN = Vg or GND 10 nA
o Output Leakage Current Vout = Vg or GND, CE = Viy 10 pA
loct Vg Current (Active) CE = V|, f=5MHz 6 20 mA
(Note 9) TTL Inputs Inputs = V|yorV, I/0 = 0 mA
Icc2 Vg Current (Active) CE = GND, f = 5MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, 1/0 = O mA
lccset Ve Current (Standby) CE=VjH 0.1 4 mA
TTL Inputs .
lccse2 g(’iﬂco%ulrr:(;rl‘lji S(Standby) E = Vco 05 100 LA
Ipp Vpp Load Current Vpp = Vco 10 HA
ViL Input Low Voltage —0.1 0.8 \"
ViH Input High Voltage 2.0 Vee + 1 \"
Vou1 Output Low Voltage loL = 2.1 mA 0.45 v
VoH1 Output High Voltage loq = —400 pA 2.4 \
VoLz2 Output Low Voltage loL = 0 pA 0.1 v
VoHz Output High Voltage loH = O pA Veg — 0.1 \
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=0E =V 170 200 250 300 ns
tce CE to Output Delay OE=vV 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) 60 0 60 0 60 0 105 ns
tce CE High to Output Float OE = VL 60 0 60 0 60 0 105 ns
toH Output Hold from Addresses, | CE = OE = Vi
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,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Temperature Under Bias
Storage Temperature
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

Veo+ 1.0V to GND—0.6V

+14.0Vto —0.6V

Temperature Range
NMC27C256QE200, 250
NMC27C256QM250, M350

Operating Temp Range Power Dissipation
~65°Cto +150°C Lead Temperature (Soldering, 10 sec.)
Vce Supply Voltage with
+6.5Vto —0.6V Respect to Ground

1.0W
300°C

+7.0Vto —0.6V

Operating Conditions (note 7)

—40°Cto +85°C
—55°Cto +125°C

V¢ Power Supply 5V £10%

READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current VIN = Voo or GND 10 pA
ILo Output Leakage Current Vout = Vcc or GND, CE = Vi 10 RA
Icct Vg Current (Active) CE=V|,f=5MHz 6 2 mA
(Note 9) TTL Inputs Inputs = Vjgor V|, I/0 = 0 mA
Icc2 Ve Current (Active) CE = GND, f = 5 MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA
lccss1 Ve Current (Standby) CE =V 0.1 ) mA

TTL Inputs
lccss2 \é&co (;ulrr:;ﬁ: s(Standbw E = Vce 05 100 A
Ipp Vpp Load Current Vpp = Voo 10 HA
ViL Input Low Voltage -0.1 0.8 \
ViH Input High Voltage 2.0 Vee + 1 \
VoL1 Output Low Voltage loL = 21 mA 0.45 \
VoH1 Output High Voltage loy = —400 pA 2.4 \
VoL2 Output Low Voltage loH = 0 A 0.1 \"
VoHz Output High Voltage loH = 0 pA Vgc — 0.1 v
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 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 =V

CE or OE Whichever 0 0 0 ns

Occurred First
tor 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 VinN = 0V 6 12 pF

Cout Output Capacitance | Voyrt = OV 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, 78 9)

L £C 1

2.0V -
ADDRESSES ADDRESSES VALID 5; X
_ —
. 2.0V
ce osv | X "’
e} fe—top —=
I._tcg e — NOTES 4,5
OE oV
OE 2oy \ £ /|
o lor ol o tor
2ov |miez (NOTE 3) . NOTES 4, 5) M-z
o e J \ [ d
ouTPUT =T VALID OUTPUT )
- tace . t
(NOTE 3) TR

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: O may be delayed up o 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 Voy1 (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 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: lg. = 1.6 mA, gy = —400 pA.
C: 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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NMC27C256

Programming Characteristics (Notes1,2,384)

Symbol Parameter Conditions Min Typ Max -Units
tas Address Setup Time 2 us
toes OE Setup Time 2 - ps
typs Vpp Setup Time 2 ps
tvcs Vee Setup Time 2 s
tbs Data Setup Time 2 ps
tAH Address Hold Time 0 ps:
DH Data Hold Time 2 1S
toF Output Enable to Output Float Delay CE=VL 0 130 ns
trw Program Pulse Width 0.5 0.5 10 ms
toe Data Valid from OE CE=V 150 ns
Ipp Vpp Supply Current During CE=V, 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 Vv
Vpp Programming Supply Voltage 12.2 13.0 13.3 v
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
ViH Input High Voltage 24 4.0 \
N 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: Voo musf 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 a 0.1 pF capacitor is required across Vpp, Vog 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.

Programming Waveforms (Note 3)

PROGRAM
PROGRAM VERIFY
W L G
ADDRESSES o2, ADDRESS N
.‘L.l j [ |
2v 2
Ak urﬁ SheiE Hi-. [ SRAIVALD J
tos tou te—sitpr
Vo 575 55
cc Yves
I
12.2v
v /| ts
— S
2
CE oav
'-'o:s“' *—tor i
—
% Jy \. 5 /

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

START

( ADDR = FIRST LOCATION )

[
»

—D(PROGRAM ONE .5ms PULSE )

INCREMENT X

DEVICE
FAILED

INCREMENT ADDR ¢

LAST ADDR?
YES

Vee=Vpp=5.0V £ 5%

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

FIGURE 1

TL/D/7512-5
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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 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 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 to
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. Vg
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 NMC27C256 has a standby mode which reduces the
active power dissipation by 99%, from 55 mW to 0.55 mW.
The NMC27C256 is placed in the standby mode by applying
a CMOS high signal to the CE input. When in standby mode,
the outputs are in a high impedance state, independent of
the OE input.

Output OR-Tying
Because NMC27C256s are usually used in larger memory
arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
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|. Itis required 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.

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
NMGC27C256 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 paralleled
NMC27C256s.

TABLE I. Mode Selection
Pins CE/PGM OE Vpp Vee Outputs

Mode (20) (22) n (28) (11-13, 15-19)
Read ViL ViL 5V 5V Dout
Standby Vi4 Don’t Care 5V 5V Hi-Z
Program ViL Vi 13.0V 6V Din
Program Verify ViH ViL 13.0v 6V DouTt
Program Inhibit ViH ViH 13.0V 6V Hi-Z
Output Disable Don’t Care Vin 5V 5V Hi-Z
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Functional Description (continued)

Program Inhibit

Programming multiple NMC27C256s in paralle! 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 NMC27C2565s 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.

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). 1t should be noted that sunfight 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/cm?2.

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¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. Itis 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. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vgg 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

PRELIMINARY

NM02702568 High Speed Version
262,144-Bit (32k x 8) UV Erasable CMOS PROM

General Descrlptlon

The NMC27C256B 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 NMC27C256B 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 NMC27C256B 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 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 Optimal EPROM for total CMOS systems
Exterided - temperature range (NMC27G256BQE),
—~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 us typical/byte
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 0g-07

Veg O ~ ~

GND O=——p

no—> [ERNAERA

(14 OUTPUT ENABLE >
- AND c:g: . i OUTPUT Pin Names
ENABLE LOGI > BUFFERS
. - A0-A14 Addresses
_—_: CE Chip Enable
y » —
: DECODER . Y GATING OE Output Enable
— > 0o-07 Outputs
> PGM Program
A0-Al | —P
ADDRESS { =] > NC No Connect
INPUTS | ey X * 262,34-817
— DECODER : CELL MATRIX
ﬂ o
—’1 . R
\

TL/D/9125~1
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Connection Diagram

27C512( 27C128 | 27C64 | 27C32
27512 | 27128 | 2764 | 2732

A15 Vpp Vpp
A12 A12 A2

A7 A7 A7 A7
A6 A6 A6 A6
A5 A5 A5 A5
A4 Ad4 A4 | A4
A3 A3 A3 A3
A2 A2 A2 A2
Al Al Al Al
A0 A0 A0 A0
Op Oo Op Og
[o]] (o] [0} 04
0z 0z 0z (o2
GND GND | GND | GND

27C16 NMC27C256BQ 27C16 | 27C32 |27C64|27C128| 27¢512

2716 Dual-In-Line Package 2716 | 2732 | 2764 | 27128 | 27512
v =41 2= vee Vec | Vee Vee
a2 27— au PGM | PGM A14
A7 s —{s 26k ars Vee Vee | NC | A13 A13
AB n—{s Pry A8 A8 A8 A8 A8
A5 As =45 F7] W A9 A9 A9 | A9 A9
A4 m—s 23— ant Vpp A1 | A1 | AN A1

A3 n—{r -] OE |OE/Vpp| OE | OE |OGE/Vep
A2 2 — 21f—an A10 A10 | A10 | A10 A10
Al a=—s 20—t CE/PGM| CE CE CE CE
A0 n—{n IT) s 07 o7 07 07 07
Oo o —{n wh—o Og Oe Os Og Os
(o)) 0y —{12 1h—os Os Os Os Os Os
[¢7} 0y —4 13 16 §— 0, O4 O4 04 O4 O4
GND anp —f sl—o O3 03 03 O3 (o}

TL/D/9125-2

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C2568B pins.

Order Number NMC27C256BQ
See NS Package Number J28AQ

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

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

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C256BQ15 150 NMC27C256BQ150 150
NMC27C256BQ20 200 NMC27C256BQ200 200
NMC27C256BQ25 250 NMC27C256BQ250 250

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

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

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C256BQE150 150 NMC27C256BQM150 150
NMC27C256BQE200 200 NMC27C256BQM200 200

NOTE: For plastic DIP and surface mount PLCC package requirements please refer to NMC27C256BN data sheet.
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NMC27C256B

COMMERCIAL TEMPERATURE RANGE

Absolute Maximum Ratings (ote 1)

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

Temperature Under Bias —10°Cto +80°C

Storage Temperature —65°Cto +150°C
Vec Supply Voltages with

Respect to Ground +7.0Vto —0.6V
All Input Voltages except A9 with

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

All Output Voltages with

Vpp Supply Voltage and A9

with Respect to Ground +14.0Vto —0.6V
Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (Note6)
Temperature Range
Vcc Power Supply

0°Cto +70°C

Respect to Ground (Note 10)  Vgc+ 1.0V to GND—0.6V NMC 27C256BQ15, 20, 25 +5V +5%
NMC 27C256BQ150, 200, 250 +5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
(] Input Load Current VIN = Vgg or GND 1.0 pA
ILo Output Leakage Current | Vout = Veg or GND, CE = Viy 1.0 rA
lcot Vg Current (Active) CE =vV|,f=5MHz 15 a0 mA
(Note 9) TTL Inputs All Inputs = Vigor Vi, I/0 = O0mA ’
lcc2 Ve Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS inputs All Inputs = Vgg or GND, I/0 = 0 mA
lccse1 Ve Current (Standby) CE=VjH o1 ; mA
TTL Inputs
lccsB2 g(l_\;ﬁco(;ul:z:: S(Standby) CE = Vgo 05 100 pA
Ipp Vpp Load Current Vpp = Voo 10 wA
ViL Input Low Voltage —-0.2 0.8 \"
ViH Input High Voltage 2.0 Ve + 1 \%
Vol1 Output Low Voltage loL = 2.1mA 0.40 \
VoH1 Output High Voltage loy = —2.5mA 35 \
VoLz "Output Low Voltage loL = 10 nA 0.1 v
VoHz Output High Voltage loy = —10 pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C256B
Symbol Parameter Conditions Q15, Q150 Q20, Q200 Q25, Q250 Units
Min Max Min Max Min Max
tacc Address to Output Delay CE=0E=V| 150 200 250 ns
tce CE to Output Delay OE=V)_ 150 200 250 ns
toE OE to Output Delay CE =V 60 75 100 ns
toF OE High to Output Float CE = VL 0 50 0 55 60 ns
tcF CE High to Output Float OE = V)_ 0 50 0 55 0 60 ns
ton Output Hold from Addresses, | CE = OE = Vj_
CE or 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,
please contact the National Semiconductor Sales
Office/Distributors for availability and speclfications.

Temperature Under Bias

Storage Temperature

Ve Supply Voltages with
Respect to Ground

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

All Output Voltages with

Respect to Ground (Note 10)

Operating Temp. Range

Veo+ 1.0V to GND—0.6V

—65°Cto +150°C ESD Rating

Vpp Supply Voltage and A9
with Respect to Ground

Power Dissipation
Lead Temperature (Soldering, 10 sec.)

(Mil Spec 883C, Method 3015.2)

+7.0Vto —0.6V

+14.0Vto —0.6V

Operating Conditions (ote 6)

+6.5Vto —0.6V

Ve Power Supply

Temperature Range

NMC27C256BQE150, 200
NMC27C256BQM150, 200

1.0W
300°C

2000V

5V £10%

—40°Cto +85°C
—55°Cto +125°C

READ OPERATION

DC Electrical Characteristics

Symbol Parameter Conditions Min Typ Max Units
L1 Input Load Current ViN = Vcg or GND 10 MA
ILo Output Leakage Current VouTt = Voc or GND, CE = Viy 10 nA
Icet Vee Current (Active) CE=V),f=5MHz 15 20 mA
(Note 9) TTL Inputs All Inputs = Vi or Vi, 170 = 0 mA

lccz Vg Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs All Inputs = Vg or GND, I/0 = 0 mA

lccsB1 Vg Current (Standby) CE = Vi 0.4 1 mA

TTL Inputs
lccse2 X?A% (;ul:zz’:s(standby) E = Voo 05 100 A
Ipp Vpp Load Current Vpp = Voo 10 BA
ViL Input Low Voltage —0.2 0.8 \"
VIH Input High Voltage 20 Veg + 1 \
Vo1 Output Low Voltage loL = 2.1mA 0.40 \
VOH1 Output High Voltage loy = —1.6 mA 3.5 \
VoLz Output Low Voltage loL = 10 pA 0.1 v
VoHz Output High Voltage lon = —10pA Vge — 0.1 \
AC Electrical Characteristics
NMC27C256B
Symbol Parameter Conditions 351155% gz‘;%% Units
Min Max Min Max
tace Address to Output Delay CE=0E =V 150 200 ns
tce CE to Output Delay OE =V 150 200 ns
toE OE to Output Delay CE=V| 60 75 ns
toF OE High to Output Float CE=V| 0 50 55 ns
tcF CE High to Output Float OE = VL 0 50 55 ns
toH Output Hold from Addresses, CE=0E=VvV
CE or OE, Whichever 0 0 ns
Occurred First
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NMC27C256B

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

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance Vin = OV 6 12 pF

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

Cp = 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 (Notes 6,7 &9)

| {C
2.0V )J
ADDRESSES gy ADDRESSES VALID
.. (C
J)J
= 20V \ 2
€ oy cc /
; ) L tCF e
CE (NOTES 4, 5)
— 70V \
0F gy . (c /
| tor e tor
la— —
(NOTE 3) cc (NOTES 4, 5)
Hi-Z ) Y HI-Z
outPuT 29— VALID OUTPUT I
- 5
tace
—] (-
(NOTE 3) ‘on

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 tcr compare level is determined as follows:
High to TRI-STATE, the measured Von1 (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 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: lop. = 1.6 mA, loy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to V¢ 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)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 ns
toEs OE Setup Time 1 us
tps Data Setup Time 1 s
tvps Vpp Setup Time 1 s
tvcs Vce Setup Time 1 s
taH Address Hold Time 0 us
toH Data Hold Time 1 us
tor Output Enable to Output Float Delay 0 60 ns
tpw Program Pulse Width 95 100 105 s
toE Data Valid from OE OE = V. 100 ns
Ipp Vpp Supply Current During CE = V)L 30 mA
Programming Pulse OE = V|4
lcc Vce Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vece 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 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 v
Programming Waveforms
PROGRAM P
ADDRESSES (2¥, ADDRESS N - X
: e},
-
oATA DATA W STAGLE Hi=Z I ) OATA OUT VALD
0.8v R e AO0
tos ton [~—=itor
sov d
Ve —/ tves
Vop 125 / vrs J
& o -
[
*'o:s‘l [=—tog —
® & N f
oY ‘—SS—/

TL/D/9125-5
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 { specification. At least a 0.1 wF capacitor is required across Vpp, Ve to GND to suppress
purious voltage which may d the device.

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings.
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NMC27C256B

Fast Programming Algorithm Flow Chart (ote )

START

( ADDR = FIRST LOCATION )

Voo =6.25Y
Vpp= 1275V

>
L

—b( PROGRAM ONE 100 us PULSE)
INCREMENT X

FAIL

r 3

INCREMENT ADDR

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)

START

( ADDR = FIRST LOCATION )

Vo= 6.0V
v,,,,-lzsv

PROGRAM ONE 0.5 ms PULSF.)

INCREMENT X

FAIL

LAST ADDR ?

INCREMENT ADDR

Voe=Vpp=5.0V £ 5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/8125-6
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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 Vcg 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 — tog.
The sense amps are clocked for fast access time. Vo
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 NMC27C2568B 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 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 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
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
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 V|y. 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.

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 ps pulse. The NMC27C256B
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 OE Vp Vee Outputs

Mode (20) (22) (1) (28) (11-13, 15-19)
Read Vi ViL 5V 5V Dout
Standby Vi Don’t Care 5V 5V Hi-Z
Output Disable Don’t Care ViH 5V 5V Hi-Z
Program ViL ViH 12.75V 6.25V DiN
Program Verify VIH - Vie 12.75V 6.25V Dout
Program Inhibit ViH Vi 12.75V 6.25V Hi-Z
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Functional Description (continueq)

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
NMC27C256Bs 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 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 ldentification code, shown in Table II,
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 AS. 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 V|y for the device code. The
code is read on the eight data pins, Og-O;7. Proper code
access is only guaranteed at 25°C +5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C2568 are such
that erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms

(A). It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000A~4000A
range. After programming, opaque labels should be placed
over the 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
NMC27C256B 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 Il
shows the minimum NMC27C256B 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 uF ceramic
capacitor be used on every device between Ve 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 A0 07 0Og 05 04 03 02 04 [V} Hex

(10) (19) (18) (17) (16) (15) (13) (12) (11) Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code VIH 0 0 0 0 0 1 0 0 04

TABLE lll. Minimum NMC27C256B Erasure'Tlme

Light Intensity
(Micro-Watts/cm2)

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 5% or +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
150 ns

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

m Pin compatible with NMOS 256k EPROMs

m Fast and reliable programming—100 ps typical/byte

m Static operation—no clocks required

® 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

Block Diagram
DATA OUTPUTS 0g-0;7
Vec O——bp , ~
GND O=——bp
no—s [itee
OF =1 ' OUTPUT ENABLE > 7
_ AND CHIP . OUTPUT Pin Names
E ——p] ENABLE LOGIC > BUFFERS
, AO-A14 Addresses
— CE Chip Enable
— Y > 6"‘
:: DECODER : ¥ GATING E QOutput Enable
— » 0p-07 Outputs
PGM Program
A0-A14 | =1
ADDRESS { =P > NC No Connect
INPUTS | b X : 262,44.817
— DECODER ° CELL MATRIX
— :
—pt .
—] >
\

TL/D/9691-1
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Connection Diagram

27C512(27C128|27C64|27C32(27C16 NMC27C256BN 27C16 | 27C32 |27C64 27c1za{ 27C512
27512 | 27128 | 2764 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 2764 | 27128 27512
A15 | Vpp | Vep vor =1 al— v Vec | Vec | Veo
A2 | A12 | A2 A2 — 2 P - PGM| PGM | A14
A7 A7 | A7 | A7 | A7 oo 28— ass Vee | Vec | NC | A13 A13
A6 A6 | A6 | A6 | A6 Jrom A sb-n A8 A8 | A8 | A8 A8
A5 A5 | A5 | A5 | A5 as—s s A9 A9 | A9 | Ag A9
A4 A4 | A4 | A4 | A4 s sl Vep | A11 | A11 | A11 Al1
A3 A3 | A3 | A3 | A3 a7 22} e OE |[OE/Vpp| OE | OE | OE/Vpp
A2 A2 | A2 | A2 | A2 2 —s o= an A10 | A10 | A10| A10 A10
Al Al Al | A1 | A1 n—ys nf—tu CE/PGM| CE | CE | CE CE
AO A0 A0 | AO | AO n—n 1] =N O7 O7 07 Oy O7
Op Op Oy | Oo | Oo o0 —{ 1 18 = 04 Og Og Os Og Og
01 01 01 01 01 [ B 17 e 05 05 05 05 05 05
Oz 07 O | O | O2 0n—{t 18 f—o, Oy Oy O4 Og4 Oy
GND | GND | GND | GND | GND MO —f 14 15f—o, O3 O3 O3 O3 O3
TL/D/9691-2
Note: Socket cc ible EPROM pin configurations are shown in the blocks adjacent to the NMC27C256BN pins.

N895¢J3.ZONN

Order Number NMC27C256BN
See NS Package Number N28B

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

Parameter/Order Number

Access Time (ns)

NMC27C256BN15 150
NMC27C256BN20 200
NMC27C256BN25 250

Commercial Temp Range (0°C to +70°C)

Vee = 5V £10%
Parameter/Order Number Access Time (ns)
NMC27C256BN150 150
NMC27C256BN200 200
NMC27C256BN250 250 -

Note: For non-commercial temperature range parts, call factory.

Extended Temp. Range (

—40°C to +85°C)

Vee = 5V £5%

Parameter/Order Number

Access Time (ns)

NMC27C256BNE15 150
NMC27C256BNE20 200
NMC27C256BNE25 250

Extended Temp Range (—40°C to +85°C)

Vee = 5V £10%
Parameter/Order Number Access Time (ns)
NMC27C256BNE150 150
NMC27C256BNE200 200
NMC27C256BNE250 250




NMC27C256BN

Absolute Maximum Ratings (Note 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 with

—65°Cto +150°C

Vco+ 1.0V to GND—0.6V

—10°Cto +80°C

Vce Supply Voitage
with Respect to Ground

+7.0Vto —0.6V

Lead Temperature (Soldering, 10 sec.)

+6.5Vto —0.6V ESD Rating

(Mil Spec 883C, Method 3015.2)

Operating Conditions note6)

300°C

2000V

Respect to Ground +14.0Vto —0.6V Temperature Range 0°Cto +70°C
Power Dissipation 1.0W Vee Power Supply
NMC27C256BN15, 20, 25 +5V 5%
NMC27C256BN150, 200, 250 +5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
L Input Load Current VIN = Vgg or GND 1 nA
o Output Leakage Current | Vout = Voo or GND, CE = Viy 1 RA
lcct Vg Current (Active) CE = V|, f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = Vi or Vi, I/0 = 0 mA
lec2 Vec Current (Active) CE = GND,f=5MHz" ) 10 20 mA
(Note 9) CMOS Inputs Inputs = Vgc or GND, I/0 = 0 mA
lccsBi ;/%f I({J‘:rl:tesnt (Standby) CE = Vi 0.4 1 mA
lccsB2 g&% (;ulr;::; s(Standby) E = Voo 05 100 pA
lpp Vpp Load Current Vpp = Vco 10 pA
ViL Input Low Voltage -0.2 0.8 v
ViH Input High Voltage ‘2.0 Vee + 1 \
VoLi Output Low Voltage loL=21mA 0.40 Vv
VoH1 Output High Voltage loH = —2.5mA 3.5 \
VoLz Output Low Voltage loL =10 pA 0.1 \)
VoHz Output High Voltage loH = —10pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C256B
Symbol Parameter Conditions N15,N150 N20, N200 N25, N250 Units
Min Max Min Max Min Max
tacC Address to Output Delay CE=0E =V, 150 200 250 ns
toe CE to Output Delay OE =V 150 200 250 ns
toe OE to Output Delay CE = VL 60 75 100 ns
toF OE High to Output Float CE=V) 0 50 0 55 0 60 ns
tcr CE High to Output Float OE =V, 50 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = VL
CE or OE, Whichever 0 -0 0 ns
Occurred First :
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EXTENDED TEMPERATURE RANGE %
Absolute Maximum Ratings (Note 1) :4:_:
Temperature Under Bias Operating Temp. Range Lead Temperature (Soldering, 10 sec.) 300°C a
Storage Temperature —65°Cto +150°C ESD Rating [<2]
Ve Supply Voltages (Mil Spec 883C, Method 3015.2) 2000V g
with Respect to Ground +7.0Vto —0.6V . cae
All Input Voltages except A9 with OPerat|ng Conditions (Note 6)
Respect to Ground (Note 10) +6.5Vto —0.6V Temperature Range —40°Cto +85°C
All Output Voltages with Vcc Power Supply
Respect to Ground (Note 10) Vg + 1.0V to GND—0.6V NMC27C256BNE15, 20, 25 +5V £5%
Vpp Supply Voltage and A9 with NMC27C256BNE150, 200, 250 +5V £10%
Respect to Ground +14.0Vto —0.6V
Power Dissipation 1.0W
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current VIN = Vg or GND 10 nA
Lo Output Leakage Current Vout = Vcc or GND, CE = Vi 10 pA
lcct Vgg Current (Active) CE =V, f=5MHz 15 30 mA
(Note 9) TTL Inputs All lnputs = Vi or V), I/0 = 0 mA
lcc2 Ve Current (Active) CE = GND, f = 5MHz 10 20 mA
(Note 9) CMOS Inputs All Inputs = Vgg or GND, I/0 = 0 mA
lccsBi Ve Current (Standby) CE=Vjy 0.1 1 mA
TTL Inputs
lccsB2 g&% (':Su|:§2: s(Standby) E = Voo 0.5 100 A
Ipp Vpp Load Current Vpp = Vco 10 rA
Vi Input Low Voltage -02 0.8 v
ViH Input High Voltage 20 Voo +1 v
Vou1 Output Low Voltage loL=21mA 0.40 \
VOH1 Output High Voltage loH= —1.6mA 3.5 v
Vorz Output Low Voltage loL =10 pA . 0.1 \
VoH2 Output High Voltage loH = —10 pA Vce — 0.1 \
AC Electrical Characteristics
NMC27C2568
Symbol Parameter Conditions :::11556 ;‘EE::(', :::::6 Units
Min Max Min Max Min Max |
tacc Address to Output Delay CE=0E=V) 150 200 250 ns
tce CE to Output Delay OE = V. 150 200 250 ns
toe OE to Output Delay CE=vV 60 75 100 ns
toF OE High to Output Float CE=V) 0 50 0 55 0 60 ns
tcr CE High to Output Float OE=vV, 0 50 0 55 0 60 ns
toH Output Hold from Addresses, CE=0E =V
CE or OF, Whichever 0 0 0 ns
Occurred First
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NMC27C256BN

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

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN = OV ‘5 10 pF

Cout Output Capacitance Vourt = 0V 8 10 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 0.8Vand 2V
input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notes 6,7 &9)

£C L

X 37
ADDRESSES @] ADDRESSES VALID ot X
13
_ — I
2.0V \ .
CE o.sv g4 /
LR ‘—t —
tee . (NOTES 4,5)
OF 2.0V \
ot 0.8V 45: / \
toe DF’
iz ~ (NotE3) [ ‘0 | (notEs 4,5) ‘; s
2.0V i= )Y IRy Hi=
oUTPUT T VALD OUTPUT )
’
acc ~ltoul-

(NOTE 3)
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 — toE after the falling edge of CE without impacting tacc.

Note 4: The tpe and tog compare level is determined as follows:
High to TRI-STATE, the measured Vo4 (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OF 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 Voc + 1.0V to avoid latch-up and device damage.

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

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




Programming Characteristics (notes 1,2,3&4)

=z
=
8
Symbol Parameter Conditions Min Typ Max Units ?."
tas Address Setup Time 1 i P
toes OE Setup Time 1 us 8
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
toF Output Enable to Output Float Delay 0 60 ns
tpw Program Pulse Width 95 100 105 ns
toe Data Valid from OE OE =V 100 ns
Ipp Vpp Supply Current During CE =V 20 mA
Programming Pulse OE = Vi -
lcc 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 \"
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 Voltage 0.8 1.5 2.0 ns
tout Output Timing Reference Voltage 0.8 1.5 2.0 ns

Programming Waveforms

PROGRAM Fspggﬁ"
ADDRESSES  ¢2¥, ADDRESS N -~
.QL.I ] |k
DATA = DATA IN STABLE Hi-Z o out vam |
08V ADD N § o AON
L tos | oH,| ~or

LG

5.0V 5¥
Yee —/]l tves

LG

12,5V e
Vep —./ tvps

LG

— TI o
CE oav S[ f
"'ozs“‘ = tor—
& o N /
0.8V X 5
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 Vo,

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, Vo 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.

TL/D/9691-4
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NMC27C256BN

Fast Programming Algorithm Flow Chart note 4

START

( ADDR = FIRST LOCATION )

Vo= 6.25V

vPP= 12.75V

INCREMENT ADDR

PROGRAM ONE 100 us PULSE)

INCREMENT X

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 1
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Interactive Programming Algorithm Flow Chart (vote 4)

START

( ADDR = FIRST LOCATION )
Vee =6.0V
Vpp =12.5V

—»( PROGRAM ONE 0.5 ms PULSE)
INCREMENT X

LAST ADDR ?

INCREMENT ADDR

Ve =Vpp=50V £ 5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

FIGURE 2
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NMC27C256BN

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 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 NMC27C256BN has two control functions, both of
which must be logically active in order to obtain data at the
outputs. Chip Enable (CE) is the power control and should
be used for device selection. Output Enable (OE) is the out-
put control and should be used to gate data to the output
pins, independent of device selection. Assuming that ad-
dresses are stable, address access time (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. Vo
should therefore be maintained at operating voltage during
read and verify. If Vgg 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
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
NMGC27C256BN.

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 Viy. 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.

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 NMGC27C256BN is programmed with the
Fast Programming Algorithm shown in Figure 1. Each Ad-
dress is programmed with a series of 100 pus 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 |. Mode Selection

Pins CE OE Vp Vece Outputs

Mode (20) (22) (1) (28) (11-13, 15-19)
Read ViL ViL 5V 5V Dout
Standby VIH Don’t Care 5V 5V Hi-Z
Output Disable Don’t Care ViH 5V 5V Hi-Z
Program ViL ViH 12.75V 6.25V Din
Program Verify ViH ViL 12.75V 6.25V DouTt
Program Inhibit ViH Vin 12.75V 6.25V Hi-Z




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
Vce 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 I,
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 V|4 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 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 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 0g Hex

(10) (19) (18) (17) (16) (15) (13) (12) (11) Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code ViH 0 0 0 0 0 1 0 0 04

1-95

NE9G2020NN




NMC27C256BN

Packaging Information

6 SPACES AT
_0.050
> T zm) !‘
l"'ll!l'll!l‘!'!IE
. 0.551+0.002
8 SPACES AT (14.00£0.051)
0.050 " - .
21 0.490-0.530 0.590:£0.005
A (12.45-13.26) (14.99£0.127)
(CONTACT DIMENSION)
A |
0.045 _J I 2132
(1.143)
x45°
0.350 —0.430
{9.906—10.92)
(CONTACT DIMENSION)
0015 < 0.013-0.021
0.032-0.040 10.381) > qo.mr;g.sssi 0.100-0.140
{0.813-1.016) MIN ] ﬁ15. {2.540-3.556)
L—L SN
A q \_ |
L) U -U-U-
| 0.005-0.015
(0.127—0.381) PIN NO. 1 _f “ 0.026-0.032 fuuso 0.095
IDENT (0,550—0.313) (1.524—2.413)
0.450 we
< (11.43)
0.485—0.495

(12.32-12.57)

32-Lead PLCC Package
Order Number NMC27C256

VIEW A-A

0.045

1183)

x45°
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National
Semiconductor

NMC27C512A

PRELIMINARY

524,288-Bit (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 5% or +£10% tolerance. The
CMOS design 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 uitraviolet 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 Optimum EPROM for total CMOS system
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 EPROM
Fast and reliable programming—100 us typical/byte
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

v DATA OUTPUTS 0g-0;
oc O » ’ n)
GND Or—b
wo—> [Tereeet
OF == OUTPUT ENABLE >
AND CHIP | OUTPUT
TF wp] ENABLE LOGIC > BUFFERS Pin Names
( A0-A15 Addresses
:q »> CE - Chip Enable
——p A . —
—] DECODER [ ¥ GATING OE/Vpp Output Enable/Pro-
— 7 gramming Voltage
AD-A15 | =} 00-07 Outputs
ADDRESS { =——pi a J—
> PGM Program
INPUTS | —py X : 524,288817
— DECODER . CELL MATRIX
# .
o %
e

TL/D/9181-1
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NMC27C512A

Connection Diagram

27C256/27C128(27C64/|27C32|27C16
27256 | 27128 | 2764 | 2732 | 2716

Vep | Vep | Vpp
Al12 A12 | A12
A7 A7 A7 A7 A7
A6 A6 A6 A6 A6
A5 A5 A5 A5 A5
A4 A4 A4 A4 A4
A3 A3 A3 A3 A3
A2 A2 A2 A2 A2
Al A1 A1 A1l Al
AO A0 A0 AO A0
Op O Qo O Oop
o, | 0 |0y | 04| O
0z (o7} Oz | O2 | O2

GND | GND [ GND | GND | GND

Commercial Temp Range (0°C to +70°C)

Vee = 5V £5%

Ord

NMC27C512AQ ) 27C16 | 27C32 |27C64|27C128 27C256|
Dual-In-Line Package 2716 2732 | 2764 | 27128 | 27256
as ' BI= v Voc | Veo | Voo
a2 —2 27 ata PGM | PGM | A14
a1 —{3 E] S Vee Vee NC | A13 A13
a5 —]d ] ey A8 A8 A8 A8 A8
a5 —{5 U= a9 A9 A9 A9 A9 A9
M—{e 23 ant Vep | A11 | A11 | A11 | A1
n—{s 2| GErvp OE [OE/vpp| OE | OE | OE
2 —s 21 f—an0 A10 A10 | A10 [ A10° | A10
m—]s af—t ICE/Vpp| CE | CE | CE CE
A0~ 10 wh—o, O7 O7 07 O7 07
n—{n 1 f—o, Og Oe Og Og Og
o,j 2 17f—oy Os Os Os Os Os
0 —{n 1 =0, Oy Oy O4 O4 Oy
GND—{ 1 15 =0, O3 O3 O3 O3 O3

TL/D/9181-2 )
er 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) Parameter/Order Number Access Time (ns)
NMC27C512AQ15 150 NMC27C512AQ150 150
NMC27C512AQ17 170 NMC27C512AQ170 170
NMC27C512AQ20 200 NMC27C512AQ200 200
NMC27C512AQ25 250 NMC27C512AQ250 250

Extended Temp Range (—40°C to +85°C)

Vee = 5V £10%

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

Vee = 5V £10%

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C512AQE150 150 NMC27C512AQM150 150
NMC27C512AQE170 170 NMC27C512AQM170 170
NMC27C512AQE200 200 - NMC27C512AQM200 200
NMC27C512AQE250 250 NMC27C512AQM250 250

NOTE: For plastic DIP and surface mount PLCC package requirements please refer to NMC27C512AN data sheet.




=
COMMERCIAL TEMPERATURE RANGE 5
Absolute Maximum Ratings (ote 1) §
Temperature Under Bias -10°Cto +80°C 'O—E{Vpp Supply Voltage & A9 3
Storage Temperature —65°C to +150°C with Respect to Ground +14.0Vto —0.6V >
All Input Voltages except A9 & OE/Vpp Power Dissipation 1.0W
with Respect to Ground (Note 9) +6.5Vto —0.6V Lead Temperature (Soldering, 10 sec.) 300°C
Ve Supply Voltage with
Respect to Ground +7.0Vio —0.6V Operating Conditions (ote6)
ESD Rating Temperature Range 0°Cto +70°C
(Mil. Std. 883C, Method 3015.2) 2000V Ve Power Supply
All Output Voltages with NMC27C512AQ15, 17, 20, 25 5V £5%
Respect to Ground (Note 9) Vg + 1.0V to GND—0.6V NMC27C512AQ150, 170, 200, 250 5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current ViN = Vg or GND 0.01 1 nA
Lo Output Leakage Current Vout = Vec or GND, CE = Vi 0.01 1 rA
Ipp Vpp Load Current OE/Vpp = Vg or GND 10 pA
lcot Vgc Current (Active) CE = V|, f=5MHz 15 30 mA
TTL Inputs Inputs = V) or Vi, I/0 = 0 mA
lcca Ve Current (Active) CE = GND, f = 5 MHz 10 20 mA
CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA
lccss1 Ve Current (Standby) CE=VH 0.1 ’ mA
TTL Inputs
lccse2 é&% (;u;:sg:s(standby) E = Vo 0.5 100 A
ViL Input Low Voltage -0.2 0.8 \
ViH Input High Voltage 2.0 Ve + 1 \Y
VoL1 Output Low Voltage loL = 2.1 mA 0.40 \
VOH1 Output High Voltage lon = —2.5mA 3.5 \%
VoLz Output Low Voltage loL = 10 pA 0.1 \
VoHz Output High Voltage lon = —10 pA Vce — 041 \"
AC Electrical Characteristics
NMC27C512A
Symbol Parameter Conditions Q15, Q150 Q17,Q170 Q20, Q200 Q25,Q250 | Units
Min [ Max | Min | Max | Min | Max | Min | Max
tacc Address to Output Delay CE = OE = V). 150 170 200 250 ns
toE CE to Output Delay OE =V, 150 170 200 250 ns
toE OE to Output Delay CE =V 60 75 75 100 ns
toF OE High to Output Float CE=V, 0 50 0 55 0 55 0 60 ns
tcE CE High to Output Float OE = vV|_ 0 50 0 55 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = Vi
CE or OE, Whichever 0 0 0 0 ns
Occurred First




NMC27C512A

MILITARY AND EXTENDED TEMPERATURE RANGE

Absolute Maximum Ratings (ote 1)

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

Office/Distributors for availability and specifications.

Temperature Under Bias
Storage Temperature

All Input Voltages except A9 & OE/Vpp

with Respect to Ground (Note 9)

All Output Voltages with
Respect to Ground (Note 9)

OE/Vpp Supply Voltage & A9

Veo+ 1.0V to GND—0.6V

+6.5V to —0.6V

NMC27C256BQE150, 170, 200, 250
NMC27C256BQM150, 170, 200, 250

Operating Conditions (nots 6)

Temperature Range

Lead Temperature (Soldering, 10 sec.) 300°C
Vcc Supply Voltage with
Respect to Ground +7.0Vto —0.6V
- Operating Temp. Range ESD Rating
—65°Cto +150°C (Mil. Std. 883C, Method 3015.2) 2000V

—40°Cto +85°C
—55°Cto +125°C

with Respect to Ground +14.0Vto —0.6V Ve Power Supply +5V £10%
Power Dissipation 1.0W
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current VIN = Vgg or GND 10 pA
Lo Output Leakage Current VouT = Vec or GND, CE = Vi 10 pA
lect Ve Current (Active) CE=V|,f=5MHz 15 a0 mA
TTL Inputs Inputs = Vi or V), I/0 = O mA
Icca Vi Current (Active) CE = GND,f = 5MHz 10 20 mA
CMOS Inputs Inputs = Vgc or GND, I/0 = 0 mA
lccsBi Vg Current (Standby) CE = Vi o1 1 mA
TTL Inputs
lccss2 é(h;/lco %u;(;::s(smndby’ E = Vo 05 100 pA
Ipp Vpp Load Current OE/Vpp = Vg or GND 10 pA
viL Input Low Voltage —0.2 0.8 \
ViH Input High Voltage 2.0 Vee + 1 '
VoL1 Output Low Voltage loL = 2.1 mA 0.4 v
VoH1 Output High Voltage loH= —1.6mA 35 \
VoLz Output Low Voltage loL = 10 pA 0.1 \
VoHz Output High Voltage loy = —10 pA Voe — 0.1 v
AC Electrical Characteristics
NMC27C512A
Symbol Parameter Conditions | QE150, QM150 | QE170, QM170 | QE200, QM200 | QE250, QM250 |Units
Min Max Min Max Min Max Min Max
tacc |AddresstoOutputDelay  |CE = OE = V| 150 170 200 250 | ns
tce  |CE to Output Delay OE = vy 150 170 200 250 | ns
tog  |OE to Output Delay CE = viL 60 75 75 100 | ns
tor  |OE High to Output Float CE = VL 0 50 0 55 55 0 60 ns
tcF CE High to Output Float OE = V), 0 50 0 55 55 0 60 ns
ton  [OutputHold 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
Cint Input Capacitance ViN =0V
except OE/Vpp 6 12 PF
Cour Output Capacitance Vout = 0V 9 12 pF
CiNn2 . OE/Vp.p Input VIN = 20 25 oF
Capacitance
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
Cp. = 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)

£C 1

2.0V iad
ADDRESSES 20 ADDRESSES VALID o X
o ad
e I
2.0V
CE v x ( /| ‘
L = - ter |
CE —= (NOTE 4,5)
OF 2.0V
OE/VPP 0.8v \ £ /
o e I N
20v |tz s 5 R Hi-z
OUTPUT et VALID OUTPUT ° O
0.8V A — §
ACC 1,
T (NOTE3Z) T —oH

TL/D/9181-3

Note 1: Stresses above those listed under “Absolute Maximum Ratmgs” 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. 4
Note 3: OF may be delayed up to tacc ~ tog after the falling edge of CE without impacting ‘Acc

Note 4: The tpr and tcg compare level is determined as follows:
High to TRI-STATE, the measured Vgn1 (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 EPROMSs require careful device decoupling. It is recommended that at least a 0.1 uF ceramic capacitor be used on
svery device between Ve 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: g = 1.6 mA, Igy = —400 pA.
Cy: 100 pF includes fixture capacitance.

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

1-101

V2153.20WN




NMC27C512A

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

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 s
toes OE Setup Time 1 us
tos Data Setup Time 1 us
tvcs Veg Setup Time 1 us
taH Address Hold Time 0 ns
toH Data Hold Time 1 us
tet Chip Enable to Output Float Delay OE =V, 0 ns
thw Program Pulse Width 95 100 us
toEH OE Hold Time 1 ps
tov Data Valid from CE OE =v|_ 250 ns
tpRT OE .Pulse Rise Tirpe 50 ns
During Programming
tvR Vpp Recovery Time 1 us
Ipp Vpp Supply Current During C__E =V mA
Programming Pulse OE = Vpp

lcc Vce Supply Current mA
TR Temperature Ambient 20 25 °C
Vee Power Supply Voltage 6 6.25 v
Vpp Programming Supply Voltage 12.5 12.756

TrR Input Rise, Fall Time 5 ns
Vit Input Low Voltage 0.45 \"
ViH - Input High Voltage 24 Vv
N Input Timing Reference Voltage 0.8 1.5 Vv
tout Output Timing Reference Voltage 0.8 15 v

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 insert