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A Corporate Dedication to
Quality and Reliability

National Seniiconductor 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 sec-
ond 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 systemns.

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




Wir fihlen uns zu Qualitat und
Zuverlassigkeit verpflichtet

National Semiconductor Corporation ist fih-

rend bei der Harstellung von integrierten
Schaltungen hoher Qualitdt und hoher Zuver-
Iassigkeit. National Semiconductor war schon
immer Vorreiter, wenn es galt, die Zahl von IC
Ausfillen zu verringern und die Lebensdauern
von Produkten zu verbessern. Vom ,Rohma-
terial Uber Entwurf und Herstellung bis zur
Auslieferung, die Qualitat und die Zuverléssig-
keit per Produkte von National Semiconductor
sind uniibertroffen. :

Wir sind stolz auf unseren Erfolg, der Stand-
ards setzt, die fur andere erstrebenswert sind.
Auch ihre Anspriiche steigen standig, Sie als
unser Kunde konnen sich auch weiterhin auf
National Semiconductor verlassen.

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

National. Semiconductor Corporation c’est I'un

des leaders industriels qui fabrique des circuits

intégrés d’une trés grande qualité et d’une fia-
bilité exceptionnelle. National a été le premier a
vouloir faire chuter le nombre de ¢ircuits in-
tégrés defectueux et a augmenter la durée de
vie des produits. Depuis les matiéres premiéres,
en passant par laconception du produit sa fabri-
“cation et son expédition, partout la qualité et la
fiabilite chez National sont sans équivalents.

Nous sommes fiers de notre succés et le stand-
ard ainsi défini devrait devenir l'objectif a
atteindre par les autres sociétes. Et nous con-
tinuons a vouloir faire progresser notre recher-
che de la perfection; il en résulte que vous, qui
étes notre client, pouvez toujours faire con-
fiance a National Semiconductor Corporation,
en produisant des systémes d’une trés grande
qualité standard.

Un Impegno Societario di Qualita e
Affidabilita

National Semiconductor Corporation & un’indus-
tria al vertice nella costruzione di circuiti inte-
grati di altd qualitad ed affidabilita. National
stata il principale promotore per I'abbattimento
della difettosita dei circuiti integrati e per
I'allungamento della vita dei prodotti. Dal
materiale grezzo attraverso tutte le fasi di proget-
tazione, costruzione e spedizione, la qualita e
affidabilita National non & seconda a nessuno.

Noi siamo orgogliosi del nostro successo che
fissa‘per gli altri un traguardo da raggiungere. |l
nostro desiderio di perfezione € d’altra parte il-
limitato e pertanto tu, nostro cliente, puoi con-
tinuare ad affidarti a National Semiconductor
Corporation per la produzione dei tuoi sistemi
con elevati livelli di qualita.

Charles E. Sporck

President, Chiet Executive Officer
National Semiconductor Corporation
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\ TRADEMARKS

Following is the most current fist of National Corporation’s trademarks and registered trademarks.

Abuseable™ Macrobus™ QUAD3000™
Anadig™ Macrocomponent™ RAT™
ANS-R-TRAN™ ' Maxi-ROM® RTX-16™
Auto-Chem Deflasher™ Meat,~Chek™ - SCRIPT ,~Chek™
BI-FET™ . Microbus™ data bus (adjective) Shelf-Chek™
BI-LINE™ : MICRO-DAC™ SERIES/800™
BIPLAN™ ptalker™ SPIRE™
BLC/BLX™ Microtalker™ Starlink™
CIM™ MICROWIRE™ STARPLEX™
CIMBUS™ MICROWIRE PLUS™ STARPLEX II™
Clock.~Chek™ MOLE™ SuperChip™
COPS™ microcontrollers MST™ SYS1e™
DATACHECKER® Nitride Plus™ TAPE-PAK™
DENSPAK™ Nitride Plus Oxide™ TDS™

DiB™ NML™ The National Anthem®
Digitalker® NSC8oo™ Time,» Chek™
DISCERN™ NS16000™ Trapezoidali™
DNR™ NSX-16™ TRI-CODE™
DPVYM™ NSCX-16™ TRI-POLY™
E-Z-LINK™ NURAM™ TRI-SAFE™
GENIX™ - OXIss™ TRI-STATE®
HEX 3000™ i Perfect Watch™ : : " XMOS™ -
ISE™ Pharma,~Chek™ . XPU™
INFOCHEX™ PLAN™ Z STAR™
Integral ISE™ Polycraft™ 883B/RETS™
Intelisplay™ POSitalker™ 883S/RETS™

ISE/16™

Z80° is a registered trademark of Zilog Corporation.

LIFE SUPPORT POLICY

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

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support

which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be rea-
or (b) support or sustain life, and whose failure to per- sonably expected to cause the failure of the life support
form, when properly used in accordance with instruc- device or system, or to affect its safety or effectiveness.

tions for use provided in the labeling, can be reasonably
expected to result in a significant injury to the user.

National Semiconductor Corporation 2900 Semiconductor Drive Santa Clara, California95051 Tel.: (408)721-5000 TWX: (910) 339-9240

National does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry.
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MOS MEMORY DATABOOK .

INTRODUCTION

National Semiconductor Corporation's MOS Memory Data-
book is a comprehensive collection of information on
advanced, high-density memory products covering the

spectrum of this mainstream semiconductor component

category.

Virtually every electronic system being designed today
requires some level of storage capacity. National is commit-
ted to designing and supplying high-performance memory
products ranging from state-of-the-art dynamic RAMs to
programmable non-volatile EPROMs and EEPROMs which
are currently finding increasing usage in a wide range of
microprocessor-based systems.

National Semiconductor has an array of advanced technol-
ogy processes to apply to memory design and development.
These range from our high-density triple-poly process used
in the most advanced RAMSs, to our small-geometry, silicon-
gate, oxide-isolated microCMOS technology which is now
being applied to high-performance memory devices for the
first time.

National is committed to technical excellence in design,
manufacturing, reliability and service to our customers
through the continuing development of new devices. If you
~don't find the memory products you need in this book,
please contact your local National Semiconductor sales
office or distributor.

National is also committed to providing the most complete,
up-to-date information available on its entire product line,
and has accomplished this with its master databook pro-
gram. This program, of which the MOS Memory Databook is
a pant, provides one master databook for each product fam-
ily with periodic supplements designed to keep you abreast
of all new and revised information. We are confident that this
program will serve your information needs well in the quickly
changing world of technology.

DATABOOK MEMOIRES MOS

INTRODUCTION

Le Databook Mémoires MOS édité par National
Semiconductor Corporation est un recueil détaillé et com-
plet d'informations portant sur les circuits mémoires de
pointe a haute densité, couvrant tout le spectre de cette
importante catégorie de composants semiconducteurs.

Pratiquement tout systéme électronique congu aujourd’hui
nécessite quelquepart un moyen de mémorisation. National
s'est engagé a concevoir et A& produire des produits
mémoires trés performants qui vont depuis les RAMs
dynamiques nec plus ultra jusqu’aux EPROMs et
EEPROMSs programmables non volatiles, qui sont actuelle-
ment de plus en plus utilisées dans une vaste gamme de
systémes & microprocesseurs.

National Semiconductor dispose d’un ensemble de technol-
ogies de pointe pour concevoir et développer ses mémoires.
Cet ensemble va de notre technologies haute densité triple-
poly utilitsée dans la plupart des RAMs de pointe, a notre
technologie microCMOS, & isolation d’oxyde, porte au sili-
cium et petite gédmétrie maintenant mise en oeuvre dans
les circuits mémoires & hautes performances, ou la pre-
miére fois.

National s’est engagé a fournir une qualité technique irré-
prochable & ses clients, en ce qui concerne la conception,
la fabrication, la fiabilité et le service, et ceci tout au long au
développement des nos nouveaux circuits. Si vous ne
trouvez pas dans cet ouvrage le produit mémoire dont vous
avez besoin, veuillez contacter s'il vous plait votre ingénieur
commercial National Semiconductor ou votre distributeur le
plus proche. '

National s’est aussi engagé a fournir I'information la plus
compléte et la plus a-jour qui soit; sur toute sa gamme de
produits. C'est ce que National vient de faire avec la sortie
de son nouveau programme de Databook. Ce programme,
dont ce Databook Mémoires MOS fait partie, comprend un
Databook pour chaque famille de produits ainsi que des
mises a jour périodiques destinées a vous informer de
toutes les nouveautés ou révisions. Nous sommes certains
que ce programme vous apportera toutes les informations
dont vous avez besoin dans ce monde technologique qui
change aussi rapidement.




MEMORY DATABOOK

Il catalogo “Memorie MOS"” della National Semiconductor &
una raccolta di informazioni sui prodotti pil avanzati ed ad
alta densita in uno dei seitori pit importanti dei componenti
elettronici.

Teoricamente, ogni sistema elettronico, progettato oggi
richiede una certa capacita di memorizzazione la National &
impesanta nel progrettare e produrre memorie ad elevate
prestazioni: dalle memorie “RAM” dinamiche alle memorie
non volatili programmabili quali “EPROM"” ed ancora a
quelle programmabili e .cancellabili elettroicamente
“EEPROM?” che stanno suscitan do un crescente interesse
per applicazioni con i microprocessori.

La National Semiconductor possiede un gran numero di
processi tecnologici utilizzabili nella fabbricazione di dispo-
sitivi di memoria. Fra i processi pil interessanti & da notare
quello “Triple-poly” ad alta densita per le pil avanzate
memorie “RAM” di namiche ed il processo micro-CMOS
con geometrie ridottissime. Silicone-gate con isolamento ad
ossido. Utilizzato dalla National per la prima volta nella fab-
bricazione di memorie ad elevate prestazioni.

La National Semiconductor, grazie allo sviluppo continuo di
nuovi prodotti si & indirizzata verso la ricerca di altre tecno-
logie di progetto. Tecniche di fabbricazione specializzate ad
alta affidabilita. Tutto per offrire il migliore servizio ai clienti.
Se non trovate in questo catalogo il prodotto che vi
interessa, non esitate a contattare gli uffici vendite della
National Semiconductor od il vostro Distributore.

La National & impegnata a fornire le informazioni pit com-

plete e piu aggiornate oirca tutti i suoi prodotti; per cid sta -

implementando un programma detto “MASTER DATA-
BOOK PROGRAM”. Con questo programma, di oui il
manuale delia Memorie MOS fa parte, viene fornito un vol-
ume principale (Master Databook) per ciacuna famiglia di
prodotto oltre a supplementi periodici che contengono tutte
le informazioni piu recenti riguardo ai prodotti. Noi crediamo
che con questo programma saremo in grado id darvi tutte le
informazione necessarie aggiornando le stesse con la
stessa rapidita con cui evolve il mondo tecnologico.

MOS-Speicher-Datenbuch

EINLEITUNG

Das- MOS-Speicher-Datenbuch von National Semicon-
ductor ist eine umfangreiche Sammlung von Informationen
Uber fortschrittliche Speicherprodukte hoher Scheltunge-
dichte. Es wird gesamte Spektrum dieser wichtigen
Halbleiter-Bauelemente-Kategorie abgedeckt.

Praktisch jedes System, des heute entwickelt wird, beétigt
eine gewisse Speicherkepazitit. National Semiconductor
entwickelt und fertigt Hochleistungs-Speicherbauelemente.
Des Typenspektrum reicht vom modernen dynamischen
RAM bis zu programmierbaren nichtfliichtigen EPROMs
und EEPROMSs, die derzeit immer mehr Anwendungen in
einem weiten Spektrum von Microprozessorsystemen fin-
den.

National Semiconductor verfligt Uber ein weites Spektrum

. an Herstellungsverfahren modernster Art, die bei der

Entwicklung und Fertigung von Speichern angewendet wer-
den. Diesen reichen vom Triple-Poly-ProzeB hoher Dichte,
der bei den meisten modernen RAMs verwendet wird, bis
zur oxidisolierten Silizium-Gate-microCMOS-Technologie
mit ihren kleinen Geometrien, die derzeit erstmals bei
Hochleistungs-Speicherbauelementen Verwendung findet.

National Semiconductor fihlt sich zu htchster technischer
Perfektion bei Entwicklung, Herstellung, Zuverlassigkeit
und Kunden-Service verpflichtet. Dies kommt in der konti-
nuierlichen Entwicklung immer neuer Bauelemente zum

~ Ausdruk. Sollten Sie das von Ihnen bendtigte Bauelemente

nicht in diesem Datenbuch finden, fragen Sie doch bitte den
fur Sie zustdndigen National-Semiconductor-Distributor
oder das néchste Verkaufsbliro. .

National Semiconductor mdchte lhnen die vollstandigsten
und aktuelisten Informationen uber alle Produkte
zugénglich machen. Daflir wurde das neue Datenbuch-
Programm zusammengestellt. Diesen Programm, zu dem
auch das MOS-Speicher-Datenbuch gehént, besteht aus
jeweils einem Haupt-Datenbuch (“Master Databook”) fir
eine Produktfamilie, das mit periodisch erscheinenden
Ergénzungsbénden aktualisiert wird. Damit steht Ihnen die
jeweils neueste Produktinformation zur Verfiigung. Wir
glauben, daB wir auf diese Weise Ihrem Informationsbe-
darfnis Ubr die sich schnell &ndernde Technologie am
besten gerecht werden.
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Proposed Standard Terminology

This databook includes a new set of symbols. This new
format is a proposed industry standard for semiconduc-
tor memories. 1t is intended to clarify the symbols, abbre-
viations and definitions, and to make all memory data
sheets consistent.

DC ELECTRICAL PARAMETER ABBREVIATIONS

All abbreviations use upper case letters with no sub-
scripts. The initial symbol is one of these four characters:

V (Voltage)

I (Current)

P (Power)

C (Capacitance)

The second letter specifies Input (l) or Output (O), and the
third letter indicates the High (H), Low (L) or Off (Z) state
of the pin during measurements. Examples:

VIL — Input Low Voltage
10Z — Output Leakage Current

AC ELECTRICAL PARAMETER ABBREVIATIONS

All timing abbreviations use upper case characters with
no subscripts. The initial character is always T and is fol-
lowed by four or more descriptors. These characters
specify two signal points arranged in a “from-to” se-
quence that define a timing interval. The two or more
descriptors for each signal point specify the signal name
and signal transitions. The format using four descriptors
is:

TX X X X

Signal name from which interval is defined -—?
Transition direction for first signal

Signal name to which interval is defined
Transition direction for second signal

Signal definitions:

A = Address

D =Data In

Q = Data Out

W = Write Enable
E = Chip Enable

S = Chip Select

G =Output Enable

Transition definitions:

H =Transition to High
L = Transition to Low
V = Transition to Valid
X = Transition to Invalid or Don’t Care
Z = Transition to Off (High Impedance)

Example:

CHIP

SELECT
s —\

tco {

tox

DATA HIGH IMPEDANCE

.uT DATA VALID
0

Chip Select access time, tcg, the time from Chip Select
low to Data Out valid, and the time from Chip Select low
to Data Out active, tgy, are shown.

TIMING LIMITS

The table of timing values shows either a minimum or a
maximum limit for each parameter. Input requirements
are specified from the external system point of view; e.g.,
the address set-up time is shown as a minimum since the
system must supply at least that much time. On the other
hand, responses from the memory are specified from the
device point of view; e.g., the access time is shown as a
maximum since the device never provides data later than
that time.

WAVEFORMS
Symbol Input Output
MUST BE WILL BE
VALID VALID

CHANGE WILL CHANGE

FROMHTO L FROMHTOL
CHANGE WILL CHANGE

FROM LTOH FROMLTOH

N

PERMITTED STATE UNKNOWN

HIGH
:>'_ NIA IMPEDANCE
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MOS Memory
Cross Reference and
Selection Guide

National Semiconductor offers the widest range of MOS
Memory circuits of any manufacturer, both domestic and
foreign, with quality and reliability being our primary goal.

Industry Package Cross Reference
Package Type Molded DIP CERDIP Flat Pack
National N J F
AMD F
Gl —
Fujitsu
Xicor
Hitachi
Intel
Mostek
Motorola

NEC

T

OKI
‘Synertek

Toshiba

mim

Z|Oo|vo|Z|v|v|O|Z ||
<|O|0O|<|{O|O|O|IN|O|O
|

D
)
>
Ol®n
Tn|nle

o
o
1
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MOS Memory Cross Reference Guide

-

AMD Xicor Fujitsu Gl Hitachi Intel Mostek Motorola NEC OKI Synertek mn Toshiba NATIONAL Pins | Type | Organization

AM9114 MBM8114 HM472114 | M2114 MCM2114 | 4PD2114 | MSM2114 | SY2114 | TMS2114 | TMM314 MM2114 18 | NMOS 1kx 4
8 | Amo128 MB8128 HMB116P MK4802 | MCM2016 | .PD4016 | MSM2128 | sY2128 | TMS4016 | TMM2016 NMC2116 24 | NmoS 2k x8
g | Amorar MBM2147 HM4847 D2147H | MK2147H | MCM2147 | ,PD2147 sY2147 | TMS2147 | TMM315 *INMC2147H | 18 | NMOS akx1
5 | Am9148 MBM2148 HM2148 2148H MCM2148 SY2148 NMC2148H | 18 | NMOS kx4

HM6264 2186 ) TC5564 3NMC6164 28 | cmos 8kx8
» MBMB8264 HM4864 2164 MK4164 | MCMB665 | uPD4164 | MSM3764 TMS4164 | TMM4164 NMC3764 18 | NMOS 64k x 1
g MB81257 HM50257 MK4556 = | MCM6256 | .PD41257 | MSM41257 TMS41257| TMM41257 | 3NMCA1257 16 | NMOS | 256kx1
H .
r4
>
a
o | AM2716 MBM2716 HN462716 | 2716 MCM2716 | 4PD2716 | MSM2716 | SY2716 | TMs2716 | TMM323 *MM2716 24 | NMOS 2kx 8
H *NMC27C16 24 | cmos 2kx8
£ | Am2732 MBM27C32 HN462732 | 2732A uPD2732 | MSM2732 TMM2732 | *NMC27C32 24 | cmos 2kx8
ui . 2758 MSM2758 TMS2758 MM2758 24 | NmoOs 1kx8
- HN48016 | D2816 NMC2816 24 | NMOS 2kx 8
z HN48016 | D2816 NMC9716 24 | Nmos 2kx8
3 4x2444 ER59256 NMC9306 8 | NMOS 256-bit
& ER5911 2NMC9346 8 { NMOS 1k-bit
w X2816A 2817A 4See Q 52B13) 3NMCo817 28 | NmoOs 2kx 8
’ *A* avallable

1. Low power available
2. Sole source
3. Future product

4. Not pin compatible
Note: 41257 = Nibble Mode
256 = Page Mode




MOS Memory Selection Guide

Access T t Access Temperature
Part Number Organization | Time emperature | part Number Organization Time peratu
(°C) (°C)
(ns) (ns)
NMC6164-10 8k x 8 100 Oto +70 | NMC2816.25 2kx 8 250 0to +70
NMC6164-12 8kx 8 120 Oto +70 | NMC2816.35 2K x 8 350 Oto +70
NMC6164-15 8kx 8 150 0to +70 | NMC2816-45 2kx 8 450 0to +70
NMC6164-20 Bkx8 200 | Oto+70 | nvcosteM25 | 2kx8 250 | —55t0 +125
MM2114 kx4 450 0to +70 | NMC2816M-35 2%k x 8 350 | —55t0 +125 .
MM2114-2 1kx 4 200 Oto +70 | NMC2816M-45 2k x 8 450 | —55t0 +125
MM2114-3 Tkx4 300 Oto +70 | \MC3764-15 64k x 1 150 0to +70
MM2114-15 Tkx4 150 0to +70 | \mMC3764-20 64k x 1 200 0to +70
MM2114-25 1kx 4 250 Oto +70
NMG2147H kot o 610 s70 | NMOA1257:12 256 x 1 120 0to +70
NMC41257-15 256 1 150 0to +70
NMC2147H-1 4kx 1 35 0to +70 | \mca1257.20 256 1 200 Oto +70
NMC2147H-2 4K x 1 45 | 0to+70
NMC2147H-3 4kx 1 55 Oto +70 | NMC9817-20 2kx 8 200 0to +70
o | w7 | owan [MESTE | EG | E | Shin
NMC2148H-2 kx4 45 0to +70
NMC2148H-3 kx4 55 Oto +70 NMC9346 64 x 16-bit Serial Oto +70
MM2716 2%k x 8 450 0to +70 Access
MM2716-1 2kx 8 350 Oto +70 | NMC9306 16 x 16-bit (N/A Oto +70
MM2716E 2kx 8 450 —40to +85 Serial
NMC27G16-35 - 2kx 8 350 0to +70 Access)
NMCaTe183s 2kx8 P Jto+70 | Nmcosose 16 x 16-bit s‘Z'r’& —40to +85
NMC27C16E-45 2%kx 8 450 | —40to +85 Acsess)
*NMC27C16HQ-45 2kx 8 450 0to +70
NMC27C32:35 4kx8 350 Oto +70 | NMCO716:25 2kx8 250 Oto +70
NMC9716-35 2%kx 8 350 0to +70
NMC27C32-45 4kx 8 450 0to +70 | \Mcor164s kKB 450 0to +70
NMC27C32E-45 4kx 8 450 | —40to +70
*NMC27C32H-45 4kx 8 450 Oto +70 | NMCo716M-25 2kx 8 250 | -55t0 + 125
‘ NMCO716M-35 2kx8 350 | -55to +125
MM2758Q Tkx8 450 0to +70 | NMCo716M-45 2kx 8 450 | -55t0 +125

*H =10 ms max programming
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National
Semiconductor

NMC3764 65,536 x 1-Bit Dynamic RAM

General Description

The NMC3764 is a 65,536 by 1-bit dynamic RAM. It is fab-
ricated with National's XMOS™ N-channel process and
uses double polysilicon gate technology. This provides
high density and improved reliability. The chip is passi-
vated with a silicone coating for alpha particle
immunity.

The NMC3764 operates with a single 5V power supply
with +10% tolerance. All inputs and outputs are TTL
compatible.

Multiplexed address inputs with separate row and column
strobes allow the NMC3764 to be packaged in a standard
16-pin DIP.

The NMC3764 must be refreshed every 2 ms. This is ac-
complished by performing any routine which cycles the
row address strobe (RAS) active during each of the 128
different row addresses defined by row address inputs
A0-A6 (the additional addresses provided by row ad-
dress input A7 are not necessary for refreshing.) Any
read, write, RAS-only refresh or hidden refresh cycle
refreshes all cells at the selected row address. The RAS-
only refresh mode permits RAS to be cycled while the
column address strobe (CAS) is held high, i.e., inactive.

Conversely the buried refresh mode allows the memory
to be refreshed by cycling RAS while CAS is held low, i.e.,
active, thus maintaining valid data on the output.

Features

W MST™screen available*

M High performance: 120, 150, 200 ns access times
W Single power supply: 5V+10%

® On chip substrate bias generator

B Low power: 248 mW (max) active

B Read, Write and Read-Modify-Write cycles

B Common /O capability using Early Write cycle
B Page Mode operat’ion

B Gated CAS-noncritical timing

B RAS-only Refresh and Buried Refresh capability
W 128 cycle, 2 ms refresh

W TTL compatible: all inputs and outputs

B TRI-STATE® output

M Industry standard 16-pin configuration

Block And Connection Diagrams

Vee Vss

v GND

ol

ROW
CLOCKS

COLUMN
CLOCKS ROW
CLOCKS

WRITE
CLOCKS

ROW ADDRESS
LATCH

Pin Names Function

RAS Row Address Strobe
CAS Column Address Strobe
WE Write Enable
Ag-A7 Address Inputs

DI Data Input

DO | Data Output

Vee Power (+5V)

Vss Ground

*See the MST'™ Program.

COLUMN
cLocxs

ROW DECODER

WRITE
‘ CLOCKS y

- ,l COLUMN L[ oaraw
ADDRESS LATCH ' | LATCR |

" COLUMN DECODER

y l'
| /0 DATA-0UT
SENSE AMPS l' 'I CONTROL | 'l BUFFER I > 00

MEMORY

COLUMN
CLOCKS

Dual-In-Line Package

ARRAY
wtle s,
o2 5. o2
TUDIS5493-1 WE- 14 p,
s -4 2 5
Pl oy
P LLPY
A1 e e As
Voo Ew
L5932
TOP VIEW

Order Number NMC3764N
NS Package Number N16F
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NMC3764

Absolute Maximum Ratings (Note 1)

Operating Temperature Range 0°Cto +70°C Voltage on Any Pin Relative to VSS‘ : -1.0Vto +7V
Storage Temperature -65°Cto +150°C Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation 1w Short Circuit Output Current 50 mA

Recommended DC Operating Conditions

Symbol Parameter Min Max Units
Ta Ambient Temperature } 0 70 °C
VCC : 4.5 5.5 \
Ves Supply Voitages (Notes 2, 3) 0 0 v
ViH Input High Voltage, All Inputs (Note 2) 2.4 6.5 v
ViL Input Low Voltage, All Inputs (Note 2) ’ -1.0 0.8 v

DC Electrical Characteristics (at recommended operating conditions)
Symbol ‘ Parameter - Min Max Units

lcct Operating Current )
Average Power Supply Operating Current } } ) 45 mA

(RAS, CAS Cycling: tac = tac MIN, DO = High Impedance) (Note 4)

lcca Standby Current : » )
Power Supply Standby Current . . 5 mA

(RAS = V), DO = High Impedance)

lcca Refresh Current
Average Power Supply Current, Refresh Mode . : 35 mA
(RAS Cycling: tgc = tprc MIN, DO = High Impedance) (Note 4)

lcca Page Mode Current
Average Power Supply Current, Page Mode 42 mA

(RAS = V,_, CAS Cycling: tpc = tpc MIN, DO = High Impedance) (Note 4)

lu | Input Leakage
Input Leakage Current, Any Input -10 10 pA
(0V < V|y < Ve, All Other Pins Not Under Test OV) '

o Output Leakage
Output Leakage Current ‘ ‘ -10 10 A
(DO is Disabled, OV < Vout < Vco) '

Output Levels

Vou | Output High Voltage (loyr = — 5 mA) - 24 | Ve |V
VoL - Output Low Voitage (loyr = 4.2 mA) . ’ 0 0.4 \
Capacitance _
Symbol Parameter , Max Units
C, Input Capacitance, A0-A7, DI (Note 5) 5 pF
Cc input Capacitance, RAS, CAS, WE (Note 5) 10 pF
Co Output Capacitance, DO (Note 5) 7 pF

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Tempera-
ture Range" ‘mey are not meant to imply that the devices should be operated at these limits. The table of “Recommended DC Operating Conditions’
provides conditions for actual device operation. :

Note 2: All voltages referenced to Vgg.

Note 3: When applying voltages to the device, V should never be 1.0V more negative‘than Vgs-

Note 4: Iccq, ey @and Igg, depend on cycle rate.

Note 5: Capacitance measured with Boonton Meter or etfectwe capacitance calculated from the equation C = AT/AV. Capacitance is guaranteed by
periodic testing. .
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AC Electrical Characteristics (at recommended operating conditions) (Notes 6, 7, 8) g
NMC3764-12 | NMC3764-15 | NMC3764-20 O
Symbol Parameter - w
Min | Max | Min | Max | Min I Max | Units =~

READ, WRITE CYCLES g
trac Access Time from RAS (Notes 12, 13) 120 150 200 ns
tcac Access Time from CAS (Notes 12, 14) 80 100 135 ns
tpp RAS Precharge Time 90 100 120 ns
thas RAS Pulse Width 120 | 10k | 150 | 10k | 200 | 10k ns

" toas CAS Pulse Width 80 | 10k | 100 | 10k | 135 | 10k ns
tre Random Read or Write Cycle Time 240 270 330 ns
trcD RAS to CAS Delay Time (Note 9) 30 40 30 50 35 65 ns
torp CAS to RAS Precharge Time 0 - 0 0 ns
tRsH RAS Hold Time 80 100 135 ns
tos CAS Hold Time 120 150 200 ns
tasr Row Address Set-Up Time 0 0 0 ns
tRAH Row Address Hold Time 20 20 25 | ns
tasc Column Address Set-Up Time 0 0 0 ns
tcaH Column Address Hold Time - 40 45 55 ’ ns
tAR Column Address Hold Time Referenced to RAS 80 95 120 ns
trcs Read Command Set-Up Time 0 0 0] ns
tRcH Read Command Hold Time (Note 11) 0 0 0 ns
torr Output Buffer Turn-Off Delay (Note 15) 0 35 0 40 0 50 ns
twe Write Command Pulse Width ' 40 45 55 ns
twes WE to CAS Set-Up Time (Note 16) -10 -10 -10 : ns
tweH Write Command Hold Time 40 45 55 ns
twer Write Command Hold Time Referenced to RAS 80 95 120 ns
tawL Write Command to RAS Lead Time 40 ‘ 45 55 | ns
towL Write Command to CAS Lead Time 40 45 55 ns
ths Data-In Set-Up Time 0 0 0 ns
ton Data-In Hold Time 40 45 55 ns
toHR Data-In Hold Time Referenced to RAS 80 95 120 ns
tr Transition Time (Rise and Fall) 3 35 3 35 3 50 ns
trRaH Read Command Hold Time Referenced to RAS 20 20 25 ns
tRer Refresh Period 2 2 2 ms
READ-MODIFY-WRITE CYCLES
trwp RAS to WE Delay 90 110 145 | - ns
towp CAS to WE Delay (Note 16) 50 60 80 ns
thwe Read-Write-Cycle Time 240 - 270 330 ns
PAGE MODE CYCLES
tep CAS Precharge Time (Note 10) 50 60 80 ns
tpc Page Mode Cycle Time 150 170 225 ns

Note 6: An initial pause of 100 s is required after power-up, followed by any 8 RAS cycles, before proper device operahon is achieved.

Note 7: Transition times are assumed to be 5 ns.

Note 8: Timing reference points are V) (min) and V,_(max).

Note 9: If tzop (Min) < tgep < tgaep (Max) the access time is tgpe (RAS limited timing). If the tgep exceeds taco (max) the access time is tzep PlUs toac

(CAS hmned umtng)

Note 10: t;; is necessary for RASICAS cycles preceded by a CAS only cycle or page mode cycle.

Note 11: tpe, is referenced to the first rising edge of RAS or CAS

Note 12: Load = 2 TTL loads and 100 PF._

Note 13: Assumes tpcp < lpcp (Max) (RAS limited timing).

Note 14: Assumes tqep > tgrep (CAS limited timing).

Note 15: t,- max defines the time at which the output achieves the open circuit condition and is not referenced lo oulpul voltage levels.

Note 16: The placement of the negative going edge of WE with respect to the negative edge of CAS determines the type of write cycle. If tycs is greater than

twes (Min) (negative edge of WE before the negative edge of CAS) the memory is in an early write cycle and data out is TRI-STATE. If towp is greater than

towp (min), the memory is in a read-write or read-modify-write cycle and data out is the original contents of the selected cell. If WE goes low between these two

times, the cycle is a write cycle and data out is indeterminate..
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NMC3764

Switching Time Waveforms

. Read Cycle Timing

/ :

A N
\_

Z

i

i

-
A

Write Cycle Timing (Early Write)

N i,

- VALID DATA
N

- N z“__’\_
“ ~ 1 =
— ,
1) — ;/{(///////////}/////////////////////%
T G

N TUD/S4934
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Switching Time Waveforms (continued)
Read-Write/Read-Modify-Write Cycle

¥9.EONN

tawe
tRas

— Vi~ N AR
RAS M N

viL— N i .

~— tRsH tap
tacp - icas - [+ tchp ]

— Vy— N . ‘ / /
BAS g N\ \( bl

! fes .

z;:: =X ///////////////l///// TIK

tRwo fowL |

lres .
‘-——» tcwp tRwi
— Vg N :
WE d -
ViL— & :

fe— twp
tcac - toFF
Von— | -

D,

00T g — { OPEN I—-——{( VALID DATA

1
|{

- = m

TUDI5493-5

RAS Only Refresh Timing

tRe

l \ |

ARY '
R . .
RAS Y- ' H : ' )‘S :
w— . .
: tRaH ——*] — tre

TasR—]

SR/ T I

Vou— / OPEN ‘ }

Doyt VoL — 1

TUDIS4936 |

Note: CAS: V,N,mand D,y Don't care.
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NMC3764

Switching Time Waveforms (continued)

Hidden Refresh -

READ CYCLE RAS ONLY CYCLE }
—— Vi— ‘
RAS Vie— — :————Im—-—l st J_{_
s - |
tRan ﬁ
tasp—=] tas: faH tasa [ taar
ADDRESSES ViH—
ViL— ‘
. | tacs I -——I ey
Lot/ 4 e Y
l ) ‘“c—.’ torF
1Rac:
Dour ::':: OPEN ;F ‘ . VALID DATA
TUD/54393-7
Page Mode Read Cycie
s :::: N ) ) l,_.._ﬂ \.
1Rco = l——tcas——+ <—-—-|cas'—-“:‘ lcnrl———.-n-r—J
_—— Y s T —
oS N Z ’NE
1 lcan {cal ) tcan
) tasn—| Fe—lasc tasc
s = TR IR = = X
|———tcac—] ‘I I'-——-icAc-—-——— |———tc.\c—~—-A—l ‘
, - taA e—toFF —t] torr — |+—1torr
Dot ::':: OPEN 4 OPEN :iﬁ-_—ik__r

iL—

Llncs

o e

4
RRH
i‘-‘acn——'

Y

TUDI5493-8
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Switching Time Waveforms (continued)

Page Mode Write Cycle

ﬁ:"

o

i

ADDRESSES :"

= v T Y

ow
P

fewt
P

twi f— twi

[e—— twcn
tos

TN

Z W

- }’— S S

VALID DATA

TUD/5493-9
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NMC41257

National
Semiconductor

' PRELIMINARY

NMC41257 262,144 x 1-Bit Dynamic RAM

General Description

The NMC41257 is a 262,144 words by 1-bit new generation
dynamic RAM. It is fabricated with National’s proprietary
N-channel triple-polysilicon technology which combines
high performance and high density with improved reliability
and excellent alpha radiation tolerance.

The NMC41257 is designed to operate with a single +5V
power supply with +10% tolerance. The use of a single
transistor memory cell and advanced dynamic circuitry
enable it to achieve high speeds with low power
consumption.

Multiplexed address inputs with separate row and column
strobes allow the NMC41257 to be packaged in a standard
16-pin DIP. It is available in both plastic and cerdip pack-
ages.

The NMC41257 must be refreshed every 4 ms. This is
accomplished by performing any cycle which brings the row
address strobe (RAS) active at_each of the 256 row
addresses. Thus any read, write, RAS-only refresh or hid-
den refresh cycle refreshes all cells at the selected row
address. The RAS-only refresh mode permits the RAS to be
cycled while the column address strobe (CAS) is held high,
i.e., inactive. In this mode, addresses A0-A7 select the roiv
that is refreshed. In addition, a CAS before RAS automatic
refresh is provided. When RAS goes low after CAS has

been low (by tcgr), the internal refresh counter is activated
to generate the addresses to be refreshed. In this mode all
address inputs are ignored by the device. A nibble mode is
also provided allowing the serial access of 4 bits of data at a
very high data rate. Nibble mode address is controlled by
the addresses supplied to pin 1 (A8 — Row and Column).

Features

High performance: 100, 120, 150 ns access time
Single power supply: 5V 1 10%
Low power: 22 mW (max) standby

412 mW (max) active
Wide RAS to CAS delay windows
Read, Write and Read-Modify-Write cycles
Common 1/O capability using Early Write cycle
m-only Refresh and Hidden Refresh capability
Automatic. CAS before RAS refresh mode
256 cycle, 4 ms refresh
TTL compatible: all inputs and output
Industry standard 16-pin configuration
TRI-STATE® output
Fast nibble mode on either read or write cycles
— 20 ns access (41257-10)
— 40 ns cycle (41257-10)
W MST™ screen available*

Block Diagram

NMC41257
Voo Vss
1 | 14 DO 00
BUFFER [ ()
J— 4
WAS ROW ,
Sy R L P BT ok ) P2 ] e
annay | SENSE I ammay | oammay | SINSE 1 ammav
: NIBBLE
= ng
CONTROL
2 0F 256 2 OF 256
coL coL 7'y
DECODER DECODER
auro rer. | row aoo 10F 128 10F 128 | 10F 128 ﬁ)ﬁ 10F 128
COUNTER | BUFFER DECODER DECODER | DECODER 4 DECODER 0 e DI
|4 ) BUFFER L]
r 3
WRITE
N coL. TIMING
. surrer | ¢ TIMING
11 1 1
Ag... Ay CAS WE
*See the MST program. (CE) TUDIT5104
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Connection Diagram

Dual-In-Line Package

1SZLPONN

1 ~ 16 Pin Names
Ay — Vss —_
2 5 RAS (RE) Row Address Strobe
01— s CAS (CE) Column Address Strobe
WE =Y LI v WE (W) Write Enable
| 13 Ag-Ag Address Inputs
RAS s As D1 (D) Data Input
Ry = 2. 4 DO (Q) Data Output
6 1, Ve Power (5V)
A2 -; " A Vgg Ground
Ay = — A5
Vee —§- '9— Ay
TOP VIEW TUD7510-2
NS Package Number N16A
. NMC NMC NMC
Absolute Maximum Ratmgs (Note 1) Device 41257-10 | 4125712 | 41257-15
Operating Temperature Range 0°C to +70°C trac (ns, Max) 100 120 150
Storage Temperature -65°C to +150°C tcac (ns, Max) - 50 60 75
Power Dissipation 1 Watt "
Voltage on Any Pin Relative to Vgg -1.0Vto +7V e (NS, Min) 200 230 280
Lead Temperature (Soldering, 10 seconds) 300°C .| _lcc1 (mA, Max) |75 75 75
lccz (MA, Max) 4 4 4
Recommended DC Operating Conditions
Symbol Parameter Min Max Units
Ta Ambient Temperature : 0 70 °C
Vee Supply Voltages (Notes 2 and 3) 4.5 5.5 Vv
Vss Supply Voltages (Notes 2 and 3) 0 ) 0 ) v
ViH Input High Voltage, All Inputs (Note 2) 2.4 Vee+1.0 Vv
' Input Low Voltage, All Inputs (Note 2) -1.0 0.8 \Y
DC Electrical Characteristics (at recommended opefating conditions)
Symbol : Parameter ) Min Max Units
Operating Current
lcc Average Power Supply Operating Current (Note 4) 75 mA
(RAS, CAS Cycling, tac =tac min)
Standby Current o
lcc2 Power Supply Standby Current (RAS =CAS=V)y, 4 ) mA

DO =High Impedance)

Refresh Current (RAS only)
lces Average Power Supply Current, Refresh Mode (Note 4) : o 50 mA
(RAS Cycling, CAS =V, tac =tac min)

Refresh Current (automatic CAS before RAS) .
lcca Average Power Supply Current, Refresh Mode (Note 4) ’ 50 mA
CAS=V, RAS Cycling, trc =trc min)

Input Leakage . .
h Input Leakage Current, Any Input ‘ -10 10 pA
(OV < Vin < Vgg, All Other Pins not Under Test=0V) -

Output Leakage . . .
loz Output Leakage Current (Dg is Dlsabled ) . -10 10 A
0V < Vour < Veeo) . . ’

Output Levels . )
Vo Output High Voltage ('ouT -5 mA) 2.4 ~ Ve \
VoL Output Low Voltage (loyt = 4.2 mA) 0 0.4 \']
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NMC41257

AC Testing Conditions 2. Input Levels L
Vi, (Max) 0.8V
1. Data Out Load Vi (Min) . 2.4V
Sﬁ‘gg: = WA Vaer =131V 3. Output Levels
Test | OUT 058 VoL 0.4V loL = 42 mA
—_[' Vou 2.4V loL = -5.0 mA
= TLDASI03
4. Transition times are measured between 0.8V (V) Max)
and 2.4V (Viy Min). Rise and fall times are 5 ns.
Capacitance
Symbol Parameter Max Units
Cl Input Capacitance, A0-A8, DI (Note 5) 5 pF
cc Input Capacitance, RAS, CAS, WE (Note 5) 10 pF
co Output Capacitance, DO (Note 5) ) 7 ‘ pF

AC Electrical Characterjstics (at recommended operating conditions) (Notes 2, 6, 7, and 8)

Symbol Parameter NMC41257-10 | NMC41257-12} NMC41257-15 Units
Min | Max | Min | Max | Min [ Max

READ, WRITE CYCLES )

trac Access Time from RAS (Notes 11, 12) _ 100 120 150 ns
tcac Access Time from CAS (Notes 11, 13) 50 60 75 ns
tae RAS Precharge Time 90 100 120 ns
tras RAS Pulse Width 100 10k 120 10k 150 10k ns
teas CAS Pulse Width 50 60 75 ns
tre Random Read or Write Cycle Time 200 230 280 ns
trco RAS to CAS Delay Time (Note 9) . ; 20 ( 50 | 25 | 60 [ 25 | 75 ns
tcap CAS to RAS Precharge Time . 10 10 10 ns
tasH RAS Hold Time . 50 | - 60 75 ns
tesu CAS Hold Time 100 120 150 ns
tasr Row Address Set-Up Time 0 0 0 ns
thRAH Row Address Hold Time 15 20 20 ns
tasc Column Address Set-Up Time 0 0 0 ns
tcan Column Address Hold Time - 25 30 30 ns
tar Column Address Hold Time Referenced to RAS 75 90 105 ns
tres Read Command Set-Up Time 0 0 0 ns
trcH Read Command Hold Time (Note 10) . 0 0 0 ns
tore | Output Buffer Turn-Off Delay (Note 14) - 20 25 : 25 ns
twe Write Command Pulse Width 20 25 30 : ns
twes WE to CAS Set-Up Time (Note 15) 0 0 0 ns
tweH Write Command Hold Time ‘ 20 25 30 ns
twer Write Command Hold Time Referenced to RAS 95 100 120 ns
thwL Write Command to RAS Lead Time 40 | - 45 45 ns
towe Write Command to CAS Lead Time 40 45 45 ns
tos Data-In Set-Up Time 0 0 0 ns
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AC Electrical Characteristics (continueq)

NMC41257-10 |NMC41257-12 | NMC41257-15
Symbol Parameter min T Max | win 1T Max | Min 1 Max Units
tox Data-In Hold Time 20 25 30 ns
toHR Data-In Hold Time Referenced to RAS 85 100 120 ns
tr Transition Time (Rise and Fall) (Note 7) 3 50 3 50 . 3 50 ns
trer Refresh Period 4 4 4 ms
READ-MODIFY-WRITE CYCLES
trwD RAS to WE Delay 100 120 150 ns
tewn CAS to WE Delay (Note 15) 50 60 75 ns
trwe Read-Write-Cycle Time 245 280 330 |- ns
trAw RMW Cycle RAS Pulse Width ) 145 | 10k | 170 | 10k | 205 | 10k | " ns
tcRw RMW Cycle CAS Pulse Width 95 | 110 130 ns
REFRESH CYCLE .
tcsr Column Address Strobe Setup Time for Auto Refresh 10 10 ) 10 ns
tcHR Column Address Strobe Hold Time for Auto Refresh 30 30 30 ns
tApC Precharge to CAS Active Time 0 0 0 ns
NIBBLE MODE CYCLE ‘. '
tNC Nibble Mode Cycle Time 40 50 60 ns
tNAC Nibble Mode Access Time 20 25 30 ns
tNAS Nibble Mode Setup Time 20 25 30 ns
tnp Nibble Mode Precharge Time . 10 15 20 ns
tNRSH Nibble Mode RAS Hold Time 20 25 | 30 ns
tNCWD Nibble Mode CAS to WRITE Delay 20 25 30 ns
tNCRW Nibble Mode RMW CAS Pulse Width 45 55 | ¢ 65 ‘ ns
tewL Nibble Mode WRITE to CAS Lead Time 20 25 30 ns
AUTO REFRESH COUNTER TEST MODE
trrc Refresh Counter Test Cycle Time (Note 16) 360 410 500
tTRAS Refresh Counter Test RAS Pulse and Width (Note 16) 260 | 10k | 300 | 10k | 360 | 10k
tcet Refresh Counter Test CAS Precharge Time (Note 16) 50 60 70

Note 1: “Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" they
are not meant to imply that the device should be operated at these limits. The table of “Recommended DC Operating Conditions" provides conditions for actual device
operation. _

Note 2: All voltages referenced to Vgg.
Note 3: When applying voltages to the device. V¢ should never be 1.0V mare negative than V.
Note 4: Ic,, lccs and lgc, depend on cycle rate measured with output open.

Note 5: Capacitance measured with Boonton Meter or effective capacitance calculated from the equanon C =1 at/aV with the recommended DC operating conditions
applied to the device. Capacitance is guaranteed by periodic testing.

Note 6: Any 8 cycles that perform refresh must be applied following either power on or periods of no row address strobe activity exceeding 4 ms.
Note 7: Transition times are assumed to be 5 ns. '
Note 8: Timing reference points are V,, {(min) and V; (max).

Note 9: If tacp (MiN) < taep < taep (Max) the access time is trae (row timing limited). if the tacp exceeds tacp (Max) the access time is taep PIUS toac (column timing
limited). If =10 ns < tpey < trep (Min) the cycle is indeterminate.

Note 10: tocy, is referenced to the first rising edge of RAS or CAS.

Note 11: See AC Testing Conditions for output load. )

Note 12: Assumes taep < tgep (Max) (row limited timing).

Note 13: Assumes trep > trep (Max) (column limited timing).

Note 14: t,- max defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

Note 15: The placement of the negative going edge of WE with respect to the negative edge of CAS determines the type of write cycle. If {5 is greater than 0 ns
(negative edge of WE before the negative edge of CAS) the memory is in an early write cycle and data outis TRI-STATE. If toy is greater than teyp (min) the memory is
in a read-write or read-modify-write cycle and data out is the original contents of the selected celf. It WE goes low between these two times the cycle is a write cycle and
data out is indeterminate.

Note 16: Read-modify-write cycle only.
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NMC41257

Switching Time Waveforms

fiRs

ADDRESS

00 (@

RAS

CAS

ADDRESS

DI (D)

Do ()

Read Cycle Timing
tRe
THAS
Vin- 35 : ' p
4 N
tosn tRp ———s] .
trco 1RsH lcRp—»
lbﬂi
Viu-
Vi- : \ \ 1 j
== sk [ s j—
—»] RAH Io— e— oAH—]
Vin- ROW COLUMN
Vi ADDRESS ADDRESS
ReH
tReS |=— —=1 Ipcy
vIH- '."'"".!".V.'.!.l.'.'.‘.'"‘v'l"‘v.v ‘v".v.v’v’v.v’v.v‘v‘v'::v' 'q’v‘v.v.v‘v‘w’v.v‘v.v‘v.v.v.v.v.v.v.v.v.y
v SO OO RO

Voi-
v HIGH 2
oL-
TLD/7510-4 ,
Early Write Cycle
. &
R
tRas: tre
Vin- ' \
V- \ ? \-——
ICSH
tawe .
tRco tcrp
tRsH
Yo- A\ toas
Vi~
fewr
t |
AR
—{ tasn |4— —L]
Vin- ROW COLUMN 00000
Vi ADDRESS ADDRESS A VAN
e tRaH tasc
[ twes —
te———twp
- TN
Vie- QO AYAAAMAY
twer
tpg—»{ |e——1ton
Vih- T VALID
V"._ AU XK lll‘ .',l(lll lll‘l'l.l'lll MA
! toHR 1
Vou-
HIGH 2
VoL-

TUO75105
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Switching Time Waveforms (continued)
Read-Modify-Write or Late Write Cycle

LSCIYONN

tRwe
traw 1Rp—————
— Vn- b
ARS y / N\
ViL-
tRwo
thco fewp [+— Icrp
teRw
— V.
w Z
ViL-
'nn
[
tasr - —= Wsc =~ L ot
Fe—— tRAH——] |—1can
Viy- TR SAALLLOLOEOLL LI EEORERENTEEOTEUE VO TRV RO ROV
ADDRESS FHEPR ROW COLUMN N
vie. SOOI aooress ADDRESS oo o)
te— typ—=
wE PO AT CY
WE
v S R N i
Vin- L OO O CETIEIEREIEEEER R R EEIEITIEO RO R R EOREVAE RO YR
oI (D) XX AR AY)
Vi S XXX ERERCEXEEAAXXEREAN B XA AR CAREA RN
Vou- a VALID \
0o (@ HIGH Z
O v : \ 0ATA /

TUD/7510-6

RAS Only Refresh Cycle
(Data-in and Write are Don’t Care)

tre
tRas 1Rp ———{

— ViH-
RS - vl: \ Z R
— tRpC
) {cRP  [e1— r
L —‘I?f \__/——
ViL-

—{ 1ASR fet—
tRan |
vin- (R ROW R Y
ADDRESS 4000 ()
Vi ADDRESS gAY RRS SN SEANGEAN
TUD/7510-7
Automatic (CAS Before RAS) Refresh Cycle
- tRe
tRp tRas
— Vin-
RS f | N\ Z
(= trpC tesR—1 fcHR
J— ViH-
tAs
ViL- A
Vou-
Do (@ HIGH 2

Vor- TUDI7510-8
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NMC41257

Switching Time Waveforms (continued)

Hidden Refresh Cycle

1
— . .
ws CAS BEFORE RAS
i READ CYCLE REFRESH CYCLE
RAS tRp—
=Al\
— Vin-
RS v'"
IL-
> e— tcan—|
tasp—>1 le—
-+ lasc fe- .
Vik- N O e e
ADDRESS Row PRI
e— thes—= tRen—
W R
WE \
Vi N
[e—tcac~—— —1 lopr | R
VoH-
mo L { R S
TUD7510:9
Nibble Mode Read Cycle*
tRas
tesH
ms U ——-\S —
Vie-
AR { Ine INRSH—>
[=+——1RcD teas Fe— tnas —] tNAs—=
— Vi o
As S Z Z y
ViL- (
tasc—>| fet
lASR—>  [e— e—1cAH —>| [———— tNp———| e
ADDRESS Vin - ROW COLUMN m‘-‘: WY I
V“__ ADDRESS AUDRESS a‘lllllllllllllllll lllllllll:[l l‘ 9944444 AL X AR R R XXX R A XA X AR KR RAR XA XA Illlllllllllllllllllll’l lll llllI
tRAH —>] ARH——>]  [— tReH—>| [ lncn—T
tRes—| e tRes —-\-—
w= Vin- (o O
WE ) QX
va 00000 R0
F—lcm—-» tac— | INM;—J e—
toFF—»{  [e— loFf=»{  |— toFF— =
Vot- y VALID - VALID
oo @ VoL "\ DATA  _| DATA | DATA E

*Pin 1 at row time and column time determine the starting address of the nibble cycle.

TUDI7510-10
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Switching Time Waveforms (continueq) 2
Nibble Mode Write Cycle (Early Write) O
Y
gNM s
__ Vin- N
RS S Z an
ViL- N
tesH F—tNas —=]
l*— trco tcas [e—tp Inp- INAS
R
= N ] \
twes—] =t
—> lcAH [e— Ing INewL
COLUMN lllll‘llIlllllllllllllllllllll AXKER XXX ARRIRRAXRAR AT ORI A R L
ADDR ESS AD D RE ss AL lll’lll’llllllllIl]l|llx|lll|llllllll'llllllllll Illl llxlllxlllllllllxlxl X l’l‘lllllllxlxl‘llll[ll lll l‘lll[lllllllllllllll'lllxlllllxlllllIlll'lxxllllllxlll llllllllxlllllll(lxlxlxll
Mabiert O O O OO OO Xtk OO OO AR XX X KA XXX )Y
taR
twer == tWeH - thwL
fe—— twey —— twes——] fae— H-+1 " twch
— Vi e OO AN
00
WE v SOOI AN
et tos e— tps—» <J—
l—ton ——i toH F——1on
Vin- CEREAXAXAAEREALRIENE QNG VALID VALID R
TRTEEIR R ) ‘
Oy, CERRRNEN RO, oaa o OO
Vou:
@ HIGH Z
Vor-
TLDI7510-11
Nibble Mode Read-Modify-Write
tRas
.
s S Y/
Vie-
lesn
<—— tRCD ——— tRwL
AR < Inp [— tnewL —
teas tncAw
— Vin-
CO—. S
—={lasA [ tcan —=
[~ tRAH —{ [—————NewD—————
tasc—= F—
Vi- ROW COLUMN
ADDRESS ADDRESS ADDRESS
lwer
+—twes | fe— lwen—=] . -— twp
e v T
WE V ARLARERAX IR LK XA K Y
I Y Y Y Y YY YR YYY
Vin- (YRR L RO L Lo X X XX T “VALID b SRRV OO
VRO Y !
POy R AR O O )
' tonn - ~— tnag—] torp |=—
Von- : 7 VALID 4
e " HIGH Z < Fyery E—
TUDI7510-12
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NMC41257

Switching Time Waveforms (continued)

Auto Refresh Counter Test Cycle

tatc

Gy, e——
RS v

ViL-
tcsr— tesn fepy—> tasH | {Rp ———|
. Q—!cnw_—j
m Vis-
ViL- x
—»! tasc f4—
[e—— teAH ~——]
Vin-
ADDRESSES v COL ADDRESS
IL-
fRes  f4—
WE (READ)
ViH- y,
00 (0) VALID DATA
Vi 3 | -
WE (WRITE)
Dl (D) VALID DATA

Functional Description

Device Initialization: The 256K dynamic RAM requires a
single +5V supply. After power up an initial 100 microsec-
ond pause is required to allow an internal substrate pump to
establish the correct substrate bias. After this pause a mini-
mum of 8 cycles of Row Address Strobe (RAS) clock must
be given to the part to allow the internal dynamic circuitry to

reach proper levels. Upon completion of the initialization

sequence the part will be ready to operate in accordance
with these specifications.

Address iInputs: Eighteen binary address inputs are
required to address any one of 262,144 bits in this DRAM.
These addresses are multiplexed and strobed into the part
in two groups of 9 addresses by the negative going edge of
the Row Address Strobe (RAS) and Column Address Strobe
(CAS) clocks. The delay interval between these two clocks
(trcp) describes the minimum time at which the column
addresses may follow the row addresses for good device
performance and the maximum time at which the column
addresses may follow the row addresses before the Access
Time (trac) will begin to increase beyond the specification.

Reading Data: A read cycle begins by presenting a valid
row address to the address inputs and bringing the RAS
input from Vi to V},.. This causes the row addresses to be
latched into the part. This is followed by presenting a valid
column address to the address inputs and bringing the CAS
input from Vyy to V)_at which time the column addresses
are latched in. If the CAS input transition is made before the
tacp Maximum time then valid data will appear on data out

TUD/7510413

in time to meet the tgac Specification. If the CAS input tran-
sition is made after the tgcp maximum time data out will be
valid in time to meet the tcac specification. The external
CAS signal may become active as soon as the row address
hold time (tgan) Specification has been met and defines the
tncp Minimum specification. The time difference between
trcp Minimum and tgep maximum can be used to absorb
skew delays in switching the address bus from row to
column addresses and in generating the CAS clock.

Once the clocks have become active, they must stay active
for the minimum (gas) period for the RAS clock and the
minimum (tcas) period for the CAS clock. The RAS clock
must stay inactive for the minimum (tgp) time. The former is
for the completion of the cycle in progress, and the latter is
for the device internal circuitry to be precharged for the next
active cycle. E

Data out is not latched and is valid as long as the CAS clock
is active; the output will switch to the TRI-STATE mode when
the CAS clock goes inactive. To perform a read cycle, the
write (WE) input must be held at the V) level from the time
the CAS clock makes its active transition (tgcg) to the time
when it transitions into the inactive (tgcy) mode. '

Writing Data: The write cycle is similar to the read cycle
except the Write Enable (WE) clock must be at V_ during
the time CAS is active. If the WE transition is done before
the minimum tycg time, the cycle will be an early write cycle
(data out remains in TRI-STATE). If WE makes a transition
after tcwp Minimum time, the cycle will be a read-modify-
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Functional Description (Continued)

write cycle. If WE makes a transition between tycs and
tcwp time, then the type of cycle is indeterminate.

Data is supplied to the data in input and is latched in with
Write Enable (WE) in the same manner as the addresses
are with RAS and CAS provided the WE transition is made
after the CAS transition. If the WE transition is made before
the CAS transition, then the data is latched by the CAS tran-
sition.

The Read-Modify-Write Cycle: This type of cycle allows
the user to both read and write a single bit in memory during
the same cycle.

. For the read-modify-write cycle a normal read cycle is initi-

ated with the write (WE) clock at the Vyy level until after the
tewp time has elapsed. At this time the write (WE) clock is
asserted. The data in is set up and held with respect to the
active edge of the write clock. The cycle described assumes
a zero modify time between read and write.

Refreshing the DRAM: The dynamic RAM design is based
on capacitor charge storage for each bit in the array. This
charge will tend to degrade with time and temperature.
Therefore, to retain the correct information, the bits need to
be refreshed at least once every 4 ms. This is accomplished
by sequentially cycling through the 256 row address loca-
tions every 4 ms. These row addresses are controlled by
address inputs A0 through A7. A normal read or write opera-
tion to the RAM will serve to refresh all the bits (1024) asso-
ciated with that particular row decoded.

For RAS-Only Refresh type cycle the memory component is
in standby. In this refresh method, the user must perform a
RAS-only cycle on all 256 row addresses every 4 ms. The
row addresses (A0-A7) are latched with the RAS clock, and
the associated internal row locations are refreshed. As the
heading implies, the CAS clock is not required and should
be inactive or at a V| level to conserve power.

For a CAS before RAS refresh (auto refresh) type cycle RAS
falls after CAS has been low by tcgg. This activates the
internal refresh counter which generates the address to be
refreshed. Externally applied addresses are ignored during
the automatic refresh cycle. If the output buffer was off
before the automatic refresh cycle, the output will stay in the
high impedance state. If the output was enabled by CAS in
the previous cycle, the data out will be maintained during
the automatic refresh cycle as long as CAS is held active
(hidden refresh).

The Nibble Mode Cycle: Nibble Mode Operation allows
faster successive data operation on 4 bits. The first bit is
accessed in the usual manner with read data coming out at
tcac time. By keeping RAS low, CAS can be cycled up and
then down, to read or write the next three bits at a high data
rate (tyac)- Row and column addresses need only be sup-
plied for the first access of the cycle. From then on, the fall-
ing edge of CAS will activate the next bit. After four bits have
been accessed, the next bit will be the same as the first bit
accessed (wrap-around method).

E»[O,O]—»[OJ]—>[1.O]—>[1,1]-—>]

Pin one (A8) determines the starting point of the circular 4-
bit nibble. Row A8 and Column A8 provide the two binary
bits needed to select one of four bits. From then on, succes-
sive bits come out in a binary fashion; 00— 01—»10—»11
with A8 row being the least significant address.

A nibble cycle can be a read, write, or late write cycle. Any
combinations of reads and writes or late writes will be
allowed. In addition, the circular wrap-around will continue
for as long as RAS is kept low.
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NMOS Static RAMs
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National
Semiconductor

MM2114/MM2114L Family 4096-Bit (1024 x 4) Static RAMs

=
=
N
-
Y
=3
—
=
=
N
—h
-
H
r

Maximum MM2114- | MM2114- | MM2114- | MM2114- | MM2114- | MM2114- MM2114- | MM2114- | MM2114. MM2114
Access/Current 15L 2L 25L 3L L 15 2 25 3
Access (TAVQV-ns) 150 200 250 300 450 150 200 250 300 450
.| Active Current (Icc-mA) 70 70 70 70 70 100 100 100 100 100
General Description _ Features

The MM2114 family of 1024-word by 4-bit static random B All inputs and outputs directly TTL compatible
access memories is fabricated using N-channel silicon-  ® Static operation—no clocks or refreshing required
gate technology. All internal circuits are fully static and g | o\ power—225 mW typical

therefore require no clocks or refreshing for operation. ® High d—d 150 ti

The data Is read out nondestructively and has the same gh speed—down to ns access lime
polarity as the input data. Common inputioutput pins are ™ TRI-STATE® output for bus interface
provided. B Common Data In and Data Out pins

The separate chip select input (CS) allows easy memory ™ Single 5V supply o
expansion by OR-tying individual devices to a databus. ™ Standard 18-pin dual-in-line package
& Available with MIL-STD-883 class B screening

Block Diagram*

+«—Lovce

— —>0vss

54 ROWS
SELECT 64 COLUMNS

2
a5 o—m .
MEMORY ARRAY
ROW
. 17 IX
O 16 I :t

COLUMN 1/0 CIRCUITS

N )
{Da2} !j . COLUMN SELECT
INPUT
[
,’B_

DATA
CONTROL
5 6 7 15
E AD Al A2 A3
- p
CTS O.L._._a
®)

* Symbols in parentheses are proposed industry standard.
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MM2114/MM2114L

Write Cycle AC Electrical Characteristics (Note 3) T, =0°C to +70°C, Vg =5V +5%

Symbol MM2114-15 | MM2114-2 | MM2114-25 | MM2114.3 | MM2114
Parameter MM2114-15L | MM2114-2L | MM2114-25L| MM2114-3L | MM2114-L | Units
Alternate | Standard Min | Max | Min | Max| Min [ Max { Min | Max | Min | Max
twe TAVAV | Write Cycle Time 150 200 250 300 450 ns
twe TWLWH (Write Pulse Width 90 100 125 150 200 ns
twr TWHAX | Write Recovery Time 0 0 0 0 0 ns
tow TDVWH | Data Set-Up Time 90 100 125 150 200 ns
tpH TWHDX Data Hold Time - 0 0 0 ns
twz TWLQZ |Write Enable to Output 40 0 40 0| 60 0 80 100{ ns
TRI-STATE (Note 5)
tow TWHQX | Output Active from End of 80 80 90 100 120 { ns
Write (WE) (Note 5) e
*Symbols in parentheses are proposed industry standard.
Write Cycle Waveforms™ (Note 4)
Write Cycle 1 ‘(Wrile Enable Limited)
[ we
. (TAVAV)
ADDRESS % )(
CATPSETECT N\ 47
(B 1 -
{TWHAX)
f twp
. (TWLWH)
WRITEENABL \\\\Jg ' 7L .
| ('ISW‘VH) i :'?\"VHDX)
DATAIN % DATAIN VALID %
gy -
(twLaz) (TWHOX)
DATA OUT DATA UNDI 3 HIGH IMPEDANCE —#£ : KQS:;:\)‘\
TUD/5258-2

Write Cycle 2 (Chip Select Limited)

: I we
(TAVAV)
ADDRESS )(
ew
~ (TSLWH)
CHIPSELECT 3( 7L
twp wR |
(TWLWH) (TWHAX)
NABL %( 7ﬁ
| K | _tow
(Tovim (TWHDX)
DATAIN DATA IN VALID
‘1z [
(TsLax) "(rw%zl‘J
 ———— HIGH IMPEDANCE
DATA OUT {_OATA NED

TUD/5258-3
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Read Cycle AC Electrical Characteristics 7,=0°Cto +70°C, vec =5V 25% §
Svmbol MM211415 | MM2114-2 | MM2114-25 | MM2114-3 | MM2114 ﬁ
ymoo Parameter MM211415L | MM2114-2L | MM2114.25L| MM2114-3L | MM2114-L | Units —ry
Alternate | Standard Min [ Max | Min | Max | Min | Max [ Min |Max | Min | Max D
— \
tre TAVAV | Read Cycle Time (WE=V,y) | 150 200 250 300 450 ns =
taa TAVQV | Address Access Time 150 200 250 300 450} ns =
tacs TSLQV | Chip Select Access Time 70 70 90 100 120 | ns B
tLz TSLQX |Chip Select to Output Active| 20 20 20 20 20 ns —-—h
(Note 5) S
thz TSHQZ | Chip Deselect to Output 0 40 0 40 0 60 0 80 0100 ns r
TRI-STATE (Note 5)
toH TAXQX | Output Hold from Address 15 10 10 10 10 ns
Change

Read Cycle Waveforms*

Read Cycle 1 (Continuous Selection CS =V, , WE= V)
|

the
(TAVAV)
ADDRESS )(

tha
(Tavav)

DATAOUT PREVIOUS DATAVALID Yoo o 00 DATA VALID

toH
T maxax) T TLDI5258-4

Read Cycle 2 (Chip Select Switched, WE =V,;y)

e
. (TAVAV)
ADDRESS )L ;

ApA—————— |- -

_ tacs |
(TsLav)

CHIP SELECT ) ’
wz | o Mz
(TSLaX) . =~ (TSHAZ)

oATA B}
out HIGH IMPEDANCE 3

|8
4 HIGH IMPEDANCE
TL/DI5258-5

Note 3: A write occurs during the coincidence low of CS and WE.
Note 4: The output remains TRI-STATE if the cs andWE'go high slmultaneously.WEor CS or both must be high during the address transitions.
Note 5: Measured +50 mV from steady state voltage. This parameter is sampled and not 100% tested.

- DC Electrical Characteristics 1,=0°C to +70°C, veg =5V +5%

MM2114, MM211415, | MM2114-L, MM211445L,
- MM2114-2, MM2114-25, | MM2114-2L, MM2114.25L, .

Symbol Parameter Conditions MM2114-3 MM2114.3L Units

Min Max Min Max
I Input Load Current Vin=0V to 5.25V -10 10 -10 10 A
(All Input Pins)

o Output Leakage Current | CS =V, Voyr = 0.4V to 4V -10 10 -10 10 pA
ViL Input Low Voltage -05 0.8 -05 0.8 \
ViH Input High Voltage 2.0 Vee 2.0 Veo Y
VoL Output Low Voltage lor=2.1mA 0.4 0.4
Vou Output High Voltage lon= —-1.0mA 24 2.4 v
lee Power Supply Current Vin=5.25V, Tp=0°C 100 70 mA

Outputs Open

* The symbols in parentheses are proposed industry standard.
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- MM2114/MM2114L

H *
Logic Symbol
(103 .
(oa1)
~—4 A0
—a
-1 woz)
— a3 {o02)
- A4
—ef A5
— 46 o3l
] a7 (0a3)
~—t AB
—4 a9 )
1/04
o "(3\,5,(004)'_
TUDI5258-6
Pin Names*
AO-A9 Address Inputs
WE (W) Write Enable
Cs§ Chip Select

1/01-1/04 (DQ1-DQ4)  Data Input/Output

Absolute Maximum Ratings

Connection Diagram*

Dual-In-Line Package

1 U 18
A6 — [~ Vee
17
prasd : A7
[
Ad =l e AB
4 15
A3 — |— A9
5 141101
A0 — —601)
6 13102
A [ (002)
? 1Zy/03
Az (003)
wH-Y o
9 0 __
Vsg = rWE w)
TOP VIEW TUDI52587

Order Number MM2114N-15L, MM2114N-15,
MM2114N-2L, MM2114N-2, MM2114N-3L,
MM2114N-3, MM2114N-L or MM2114N
NS Package Number N18A

Operating Conditions

Voltage at Any Pin -05Vto +7VvV : : Min Max Units
Storage Temperature —-65°Cto —150°C Supply Voltage(Vcc) 4.75 5.25 v
Power Dissipation 1w Ambient Temperature(T,) 0 +70 °C
Lead Temperature (Soldering, 10 seconds) 300°C
Capacitance 1, =25°c, f=1MHz (Note 1)
MM2114, MM2114-15, MM2114-1L, MM2114-15L,
MM2114-2, MM2114-25, MM2114-2L, MM2114-25L,
Symbol Parameter Conditions MM2114.3 MM21143L° Un!ts
Min Max Min Max
Cin Input Capacitance | All Inputs V=0V 5 5 pF
Cout Output Capacitance| Vo=0V 5 5 pF
(Note 2)
Note 1: This parameter is guaranteed by periodic testing.
Note 2: Coyr Is max 10 pF for (J) package.
AC Test Conditions
Input Pulse Levels 0Vto3Vv Output Load and 0.8V @ 2.1 mA + 100 pF
Input Rise and Fall Times =<10ns Timing Levels 2,0V @ -1.0mA + 100 pF
Input Timing Level 15V

*Symbols in parentheses are proposed industry standard.
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National

Semiconductor
NMC2147H 4096 x 1 Static RAM

Max Access/Current NMC2147H-1 NMC2147H-2 NMC2147H-3 NMC2147H-3L NMC2147H
Access (TAVQV —ns) 35 45 55 55 70
Active Current (ICC — mA) 180 180 180 125 160
Standby Current (ISB—mA) 30 30 30 20 20

General Description Features

The NMC2147H is a 4096-word by 1-bit static random
access memory fabricated using N-channel silicon-gate
technology. All internal circuits are fully static and
therefore require no clocks or refreshing for operation.
The data is read out nondestructively and has the same

polarity as the input data.

The separate chip select input automatically switches the
part to its low power standby mode when it goes high.

The output is held in a high impedance state during write

to simplify common I/0 applications.

All inputs and outputs directly TTL compatible
Static operation—no clocks or refreshing required
Automatic power-down

High speed—down to 35 ns access time
TRI-STATE® output for bus interface

Separate Data In and Data Out pins

B/ Single 5V supply

B Standard 18-pin dual-in-line package

B Available in MIL-STD-883 class B screening

Block Diagram*

Logic Symbol*
18
1 — <+«—ovce
oo ¥ ) "
) 4—Ovss —a
A!O"E - A2
-1 A3
3 . ]
Mo_§: ROW SELECT| MEMORY ARRAY n
4 ok | u’&fﬂfﬁus I DIND) ==
“3‘1*—%__— . 7 :: BOUT (@) e
5 —1 A8
MO—E —1 a9
-— A0
[ ] — —
ASO—E‘ - o @ @
I LI I I ? ? TLIDIS2573
DIN (D) L COLUMN 1/0 CIRCUITS ! oouT (@)
Connection Diagram*
wol COLUMN SELECT
¢ Dual-In-Line Package
e 2
wt ey,
. B T e [ 18 '%: a4 LW
ALl AN a9 Ag A7 A TLiorsz571 = 16
4 15
A= - = A
Pin Names* Order Number NMC2147HJ-1, e Ly
AO-A11  Address Inputs NMC2147HJ-2, NMC2147HJ-3 25 ] (13 110
WE(W)  Write Enable or NMC2147HJ-3L ; 12
TS(5)  Chip Select NS Package Number JIBA 0T — A"
DIN(D) Dataln Order Number NMC2147HN-1,  wew-Y L o o)
DOUT(Q) Data Out NMC2147HN-2, NMC2147HN-3 ves =2 AL
vee Power (5V) or NMC2147HN-3L
v8s Ground NS Package Number N18A
TOP VIEW

TLIDIS257-2

*The symbols in parentheses are proposed industry standard.

47

<
=
Q
N
b
o
~
XI




NMC2147H

Absolute Maximum Ratings

Voltage on Any Pin Relative toVSS
Storage Temperature Range

Power Dissipation

DC Output Current

Bias Temperature Range

Lead Temperature (Soldering, 10 seconds)

-35Vto +7Vv
-65°Cto +150°C
12w

20mA

—65°Cto +135°C
300°C

Truth Table*
CS | WE { DIN | DOUT
@ W) () © Mode Power
H X X Hi-Z Not Selected | Standby
L L H- Hi-2 Write 1 Active
L L L Hi-Z Write 0 Active
L H X DOUT Read Active

DC Electrical Characteristics 7a=0°c to 70°C, vCC =5V + 10% (Notes 1 and 2)

‘ o NMC2147H-1 N
. . NMC2147H-3L | NMC2147H-2 | NMC2147H .
Symbol Parameter Conditions NMC2147H-3 } Units
Min Max | Min Max | Min Max
(L8] Input Load Current VIN =0V to 5.5V, VCC = Max 10 10 . 10 pA
(All Input Pins) ‘ . -
|ILO| | Output Leakage CS = VIH, VOUT = GND to 4.5V, 50 50 | . 50 | uA
Current VCC = Max ]
VIL Input Low Voltage '~30 | 08. {-30 | 08 |-30 | 08 v
VIH Input High Voltage 20 6.0 20 6.0 2.0 6.0 v
voL Output Low Voltage | IOL=8.0 mA 0.4 04 - 04 v
VOH | Output High Voltage | IOH= —4.0 mA 24 . 24 24 v
ICC Power Supply VIN=55V, TA=0°C, 125 - 180 160 mA
Current Output Open ’
ISB Standby Current VCC = Min to Max, CS=VIH 20 30 20 mA
IPO Peak Power-On VCC=VSS to VCC Min, 30 40 . 30 mA
Current CS = Lower of VCC or ViH Min
Capacitance 1a=25°C, f=1MHz (Note 3)
Symbol Parameter Conditions Min Max Units
CIN Address/Control Capacitance VIN =0V 5 pF
CouT Output Capacitance VOUT =0V 6 pF

Note 1: The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
Note 2: These circuits require 500 us time delay after VCC reaches the specified minimum limit to ensure proper arientation after power-on. This allows the

internally generated substrate bias to reach its functional level.
Note 3: This parameter is guaranteed by periodic testing.

AC Test Conditions

Input Test Levels GNDto 3.0V

Input Rise and Fall Times S5ns

Input Timing Reference Level 1.5V

Output Timing Reference Level (H-1) 1.5V

Output Timing Reference Levels 0.8Vand2.0V
(H-2, H-3, H-3L) -

Output Load

*Symbols in parentheses are proposed industry standard.

See Figure 1

pouT 5V
(o]
5102
9
< 30pF
23002 (INCLUDING
> SCOPE AND
FIXTURE)

TLDI5257-4

FIGURE 1. Output Load

.48




. i1
Read Cycle AC Electrical Characteristics 1a=o0°c to 70°c, vec=5v Jggﬁi (Note 1)

<
NMCRHA7H-3 ™~
Symbol Parameter 'NMC2147H-1 | NMC2147H-2 NM Cfi:g!l'{?iiL NMC2147H Units '
Alternate | Standard Min | Max | Min | Max | Min"} Max | Min | Max -l
trc TAVAV | Read Cycle Time 35 45 55 P 70 ns I
taa TAVQV | Address Access Time ' 35 45 ’ 55 70 ns
tacs TSLQV | Chip Select Access Time 35 45 55 70 ns
(Note 4)
tz TSLQX | Chip Select to Output Active 5 5 10 10 ns
(Note 5) )
thz TSHQZ | Chip Deselect to Output 0 30 0 30 0 30 0 30 ns
TRI-STATE (Note 5) .
toH TAXQX | Output Hold from Address 5 5 5 5 ns
Change
tru TSLIH Chip Select to Power-Up 0 0 0 . 0 ns
tpp TSHIL | Chip Deselect to Power-Down 20 20 20 30 ns

Read Cycle Waveforms*

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

tRC
(TAVAV)
ADDRESS *

1AA
(TAvVav)

DATA OUT PREVIOUS DATA VALID DATA VALID

oH
(TAXQX)

TLID/5257-5

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

R
(TAVAV)

CHIP SELECT N ; ‘ 4

tACS tHz
(TsLaV) | T askoz)

- ¥4
DATA QUT __{1sLax) DATA VALID
—
HIGH IMPEDANCI - HIGH IMPEDANCE

I tpy D
=TT (TSLAY : . <™ (TSHIL)
vee ICC w= o o o e e e
SUPPLY l;% 50%
POt P — . .

TLIDI5257-6

Note 4: Address must be valid coincident with or prior to the chip select transition from high to low.
Note 5:. Measured =50 mV from steady state voltage. This parameter is sampled and not 100% tested.

* The symbols in parentheses are proposed industry standard.
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NMC2147H

Write Cycle AC Electrical Characteristics 1a =0 to 70°c, vcc =5V £ 10% (Note 1)

' NMC2147H-3 :
Symbol Parameter NMC2147H1 | NMC2147H-2 NMC2147H-3L NMC2147H Units
Alternate | Standard ' : Min | Max | Min | Max [ Min | Max | Min | Max
twe | TAVAV | Write Cycle Time 35 45 55 70 ns
tow TSLWH | Chip Select to End of Write 35 45 45 55 ns
taw TAVWH | Address Valid to End of Write 35 45 45 55 ns
tas TAVSL | Address Set-Up Time 0 0 0 0 ns
TAVWL
twe TWLWH | Write Pulse Width 20 25 .25 40 ns
twr TWHAX | Write Recovery Time 0 0 10 15 ns
tow TDVWH | Data Set-Up Time 20 25 25 30 ns
ton TWHDX | Data Hold Time 10 10 10 10 ns
twz TWLQZ | Write Enable to Output 0 20 0 25 0 25 0 [ 35 ns
TRI-STATE (Note 5)
tow TWHQX | Output Active from End 0 0 0 0 ns
of Write (Note 5) :

Write Cycle Waveforms™ (note 6) ,
Write Cycle 1 (Write Enable Limited)

1 we
— (TAVAV)
ADDRESS )(
1
| (st |
Gl M 722272
t,
; (ravun ~ e
AS f twp
(TAVWL) (TWLWH)
. . -
AITE EWASTE RN Qﬁ 7
oo T .
(TOVWH) Mnoxi
DATAIN ‘X DATA IN VALID K
DATA OUT DATA UNDEFINED
Write Cycle 2 (Chip Select Limited) TubiszsT
. we
. (TAVAV}
ADORESS )( )(
i !
t | (st
(TAVSIS" ~ .
CRIFSETELY P 4
AV
. WA
o f (rwwt'su) TWHAX) ™ .
mm 77777,
1 04
CTDVIH) (PAHDX)
DATAIN XL DATA IN VALID K
L‘m’ffﬁzn"
DATA OUT DATA UNDEFINED HIGH IMPEDANCE

TLIDIS2578

Note 8: The output remains TRI-STATE if the €S and WE go high simuitaneousty. WE or CS or both must be high during the address transitions to
prevent an erroneous write.

* The symbols in parentheses are proposqd industry standard.
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National
Semiconductor
NMC2148H 1024 x 4 Static RAM

=
=
Q
N
-—h
&
T

Max Access/Current NMC2148H-2 NMC2148H.3 NMC2148H NMC2148H-3L NMC2148H-L
Access (TAVQV —ns) 45 55 70 55 70
Active Current (ICC — mA) 180 180 180 125 125
Standby Current (ISB— mA) 30 30 30 20 20

General Description Features

The NMC2148H is a 1024-word by 4-bit static random ac- - B All inputs and outputs directly TTL compatible
cess memory fabricated using N-channe! silicon-gate  ® Static operation—no clocks or refreshing required
technology. All internal circuits are fully static and there- g Automatic power-down

fore require no clocks or refreshing for operation. The data ® High speed—down to 45 ns access time

is read out nondestructively and has the same polarity as © X
the input data. B TRI-STATE® output for bus interface

- )
The separate chip select input automatically switches the - gf)mlmon d:ta IIOl pins

part to its low power standby mode when it goes high. ingle +5V supply

Common input/output pins are provided. @ Standard 18-pin dual-in-line package

Block Diagram®

5ol x «—2ovce Logic SymbOI*
3 m * «—>0uss
M MEMORY ARRAY ml‘m =
ROW __l
oo [X seLecr | s CoLomNS e
. i b woz|
Al OL_——K - A3 (0az)
- A4
” — w— A5
“’O_X — a6 o3|
T —n (003)
(D'(llul‘) o — : ::
- COLUMN 170 CIRCUITS
- & w
1703 _ 12 (s} w) {004)
(003} & COLUMN SELECT ? T
P el TUDI7408-2
T
m'{]%(}u {_: CONTROL
" 1 0 s G 7 . . N
oo _?— R A Connection Diagram
{ Dual-In-Line Package
‘ -
Iﬂ: 25— U S vee
10 2 17
BHo AS ~— A1
. 3 16
Wt @ 0 1\ L N _4- -l.s-n
—_—O‘I—ji TUDI74044 A3 — = A9
5 18 o1
AD ~— —
Pin Names* Order Number NMC2148HJ-L., . " :;’n‘z’"
AC-A9 Address Inputs NMC2148HJ-3L, NMC2148HJ, A1 — (0a2)
WE (W) Write Enable NMC2148HJ-2 or NMC2148HJ-3 prymd .‘i:g’:n
) Chip Select NS Package Number J18A — 11 1704
1101-1/04 (DQ1-DQ4) Data Input/Output Order Number NMC2148HN-L, . o
vCcC Power (5V) NMC2148HN-3L, NMC2148HN, vss — - WE(E)
vss Ground NMC2148HN-2 or NMC2148HN-3

NS Package Number N18A

TOP VIEW TUDI7404-3

*Symbols in parentheses are proposed industry standard.
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NMC2148H

Absolute Maximum Ratings Truth Table
Voltage at Any Pin with Respect to VSS —° 3.5Vto + ZV & WE o Moda Power
Storage Temperature ~65°Cto +150°C H X Hiz Standby Standby
Temperature with Bias -10°Cto +85°C L L H Write 1 Active
DC Qutput Current. 20mA L L L Write 0 Active
Power Dissipation 1.2W L H bouTt Read Active
Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics ta=0°c to +70°C, vCC =5V = 10% (Notes 1 and 2)
. . ) NMC2148H-L Nvallvé:c2211488HH2
Symbol Parameter Conditions NMC2148H-3L NMC2148H-3 Units
Min Max Min Max
|IL1] Input Load Current VIN =0V to 5.5V, 10 10 A
) (All Input Pins) VCC =Max _ _ ‘
|ILO| Output Leakage Current CS=VIH, VOUT = GND to 4.5V, 50 50 pA
VCC = Max
VIL Input Low Voltage -2.5 08 |-25 | 08 Y
VIH Input High Voltage ’ 2.1 6.0 | 21 6.0 \Y
VoL O(Jtput Low Voltage IOL=8.0 mA 0.4 . 04 v
VOH Output High Voltage IOH= -4.0mA 2.4 24 \
ICC Power Supply Current VIN =5.5V, TA=0°C, 125 180 mA
. Output Open
1SB Standby Current VCC = Min to Max, CS = VIH 20 30 mA
IPO Peak Power-On Current VCC =VSS to VCC Min, 30 40 mA
: CS = Lower of VCC or VIH Min
[10S] Output Short Circuit Current | VOUT =GND to VCC 250 250 mA
Capacitance 1a=25°C, f=1.0 MHz (Note 3)
Symbol Parameter Conditions Min Max Units
CIN Address/Control Capacitance VIN=0V 5 " pF
Cl/o Input/Output Capacitance VIO =0V ' 7 pF

Note 1: The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.

Note 2: These circuits require 500 us time delay after VCC reaches the specified minimum limit to ensure proper operation after power-on. This allows the in-
ternally generated substrate bias to reach its functional level. :

Note 3: This parameter is guaranteed by periodic testing.

DOUT 5V
. (o]

AC Test Conditions -
Input Test Levels GNDto3.0V- )
Input Rise and Fall Times © ' - 8ns § 30 pF
Input Timing Reference Level 1.5V 2550 :; (INCLUDING SCOPE
Output Timing Reference Levels 0.8Vand2.0v 1 AND FIXTURE)
Output Load : _ SeeFigure1 '

. . - TUD/7404-4

FIGURE 1. Output Load
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Read Cycle AC Electrical Characteristics 7a=0°c to +70°C, vcC =5V + 10% (Note 1)

E

Q

Symbol Parameter NMC2148H-2 h:‘l:nﬂgg:::;‘ NNhll:I(':‘;ﬂ;iIHL Units '2

Alternate | Standard Min | Max | Min | Max | Min | Max g

trc TAVAV | Read Cycle Time 45 55 70 ns X
taa TAVQV | Address Access Time 45 55 70 ns
tacst TSLQV1 | Chip Select Access Time (Notes 4 and 5) 45 55 70 ns
tacs2 TSLQV2 | Chip Select Access Time (Notes 4 and 6) 55 65 80 ns
tLz TSLQX | Chip Select to Output Active (Note 7) 20 20 20 ns
thz TSHQZ | Chip Deselect to Output TRI-STATE (Note 7) 0 20 0 20 0 20 ns
ton TAXQX | Output Hold from Address Change 5 5 5 ns
teu TSLIH Chip Select to Power-Up 0 0 0 ns
tep TSHIL Chip Deselect to Power-Down 30 30 30 ns

Read Cycle Waveforms™*

Read Cycle 1 (Continuous Selection CS = ViL, WE = VIH)

i

‘ tac
(TAVAV)
ADDRESS )( *

AR
(TAVav)
DATA OUT PREVIOUS DATA VALID DATA VALID
- tOH
{TAXOX} TLIO/7404-5
Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 4)
tRe
(TAVAV)
CHIP SELECT 51( 7[
TACS . 1HZ
w2 (TsLav) | T mshaz)
* (TSLOX) SO Tese o
DATA (CS0SSKARIAKNY 5
our WIGH IMPEDANC XS DATA VALID HIGH IMPEDANCE
’ . l Yy tpD
=" (TSLN) == (TSHIL) |
veg HE ———— e —
SUPPLY L son 50%
CURRENT 15§ e /)
TUDI7404-6

Note 4: Addresses must be valid coincident with or prior to the chip select transition from high to low.
Note 5: Chip deselected longer than 55 ns.

Note 6: Chip deselected less than 55 ns.

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

*The symbols in parentheses are proposed industry standard.




Write Cycle AC Electrical Characteristics 1a=0°c to +70°C, veC =5V £ 10% (Note 1)

NMC2148H

Symbol "' parameter NMC2145H-2 t?l;‘ggg:-asL[NNMN(':?&HL  Units
Alternate{Standard : Min | Max | Min | Max | Min | Max’
twc | TAVAV |Write Cycle Time 45 55 . 70 ns
tcw | TSLWH |Chip Select to End of Write 40 50 65 ns
taw | TAVWH |Address Valid to End of Write 40 50 65 ns
tas TAVSL |Address Set-Up Time 0 0 0 ns
TAVWL ) .
twp TWLWH }Write Pulse Width 35 40 50 ns
twr | TWHAX |Write Recovery Time 5 -5 5 ns
tow | TDVWH |Data Set-Up Time 20 20 25 ns
ton TWHDX |Data Hold Time 0 0 0 ns
twz. | TWLQZ [Write Enable to Output TRI-STATE (Note 7) 0 15 0 20 0 25 | ns
tow TWHQX Output Active from End of Write (Note 7) 0 0 0 ' ns

- Write Cycle Waveforms™ (note )
: o o Write Cycle 1 (Write Enable Limited)

twe
(TRVAV)

I - X_

1

tow

(TSLWH)
e N QL ' 7
. taw R |
(T'AWIM) wp (TWHAX)
{TWLWH)

tas
(TAVWL)

i !

tow 1t
) {TDVWH) j {TWHDX)
DATAIN . DATA IN VALID
tow

W,
Wiz
p

o
N

. DATAQUT : . DATA UNDEFINED

Wirite Cycle 2 (Chip Select Limited)

Wwe
avAY) .
ADDRESS x )(
' tew
t, (TSLWH)
mvs‘ﬁ" b
aS
R
| (TwiwL (TWHAX) ]
LEEZEANMNNINNINININ % %
. tow 1OH
(TOVWH) {TWHDX)
DATAIN X DATA IN VALID K ]
— wz_ ]
(TwLaz)

. HIGH IMPEDANCE

DATA OUT DATA UNDEFINED

TUDI7404-8

Note 8: The output remains TRI-STATE if the TS and WE go high simultaneously. WE or CS or both must be high during the address transitions to
prevent an erroneous write.

*Symbols in parentheses are proposed industry standard.
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<
National PRELIMINARY =
Semiconductor _ 8
microCMOS a
NMC6164/6164L 8192 x 8-Bit Static RAM &
General Description Features F
The NMC6164/6164L is a 8192-word by 8-bit, new-genera- # Single power supply: 5V +£10% 0
tion static RAM. It is fabricated with National's proprie- m Fast access time 100 ns/120 ns/150 ns max e
tary microCMOS double-polysilicon technology which g Equal access and cycle times 'y
combines high performance and high density with low . . . D
power consumption and excellent reliability. m g?;:{::;tely static RAM: no clock or timing strobe ey
The NMC6164/6164L operates with a single 5V power g ) o standby power and low power operation r
supply with + 10% tolerance. Additional battery back-up Standby: 10 4W, typical
operation is available (L version) for data retention down Operation: 15 n;W/MHz, typical
10 2V, with low standby current. B Battery back-up operation available (L version) with
Packaging is in standard 28-pin DIP and is available in data retention supply voltage: 2v-5.5V
both plastic and CERDIP. B Common data input and output, TRI-STATE® output
In addition to the inputs and outputs being TTL compati- B TTL compatible: all inputs and outputs
ble, the outputs are also CMOS compatible, in that capa- m CMOS compatible: outputs drive capacitive loads to
citive loads are driven to Vg of Vsg. Vee or Vsg
' B Standard 28-pin package configuration
Block and Connection Diagrams
Dual-In-Line Package
v y
A12 ! - - Ve - ne—1 U 28|— vee
: ADDRESS | ROW M MEMzoaRY 5An‘zmw a2 2 27b WE
INPUT DECODE 128x51
. ° : O Vs a3 26} €S2
*
A —J A6 —] 4 25— A8
o o 0 l
e e e A5 —45 24— A9
A3 A4 —{6 23— AN
. o Jcoumn | o COLUMN —
. o | DECODE | o SELECT A3 —q7 22}— OF
A ‘ T om—s . 2p—At0
T . t e oo A1—{9 20 }— CS1
> R AD —4 10 19}~ 1/0s
_ INPUT/QUTPUT 170y —f 11 18— 1/07
~ T’ *° I 110, =12 17p—1/05
HIP ADDRESS o
‘é_if — str CHANGE o Vo 103 —{13 16— 1/05
1 —— .
WE r—— Vss 114 15— 1/04
0F —— READ/WRITE 10P VIEW
TLID/5287-1 TLID/3287-2
Truth Table T Order Number NMC6184J (NMC6164LJ)
e e - NS Package Number J28A
Mode WE |CS1]CS2 | OE| /O | Current Order Number NMC6164N (NMC6164LN)
Not Selected * H * * | Hi-Z | Igg, lsB1 NS Package Number N28B
(Power Down) . * L * | Hi-Z | Igg, lsa1 '
Output Disabled | H L H | H | HI-Z { lec, lIcer
Read H L H L | Dout | lces fect
Write L L H > Din }lee lees
*Don't care (H or L) H = Logic HIGH Level L= Logic LOW Levet
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NMC6164/NMC6164L.

Absolute Maximum Ratings

Recommended DC Operatmg

Condltlons
Min Max Units
Voltage on Any Pin Relative to Vgg 7 —-05Vto -7V Ve Supply Voltage 45 55 V'
Storage Temperature, Tgyg -55°Cto +125°C Vgs Supply Voitage 0 0 v
Tempera.tur.e Ur}der Bias, Tgias -10°Cto + 85°C Vi, Input High Voltage - i
Power Dissipation, Pp 1.0W {Logic 1) :
Current Through Any Pin 100 mA ML 22" 6.0 Y
: CMOS - Vgg—0.2 Vcc +0.2 \
Vi, Input Low Voltage :
(Logic 0)
TTL -03’ 08 v
CMOS . =02 0.2 v
Topr, Operating Temp 0 - 70 °C
DC Electrical Characteristics at‘re‘commended o.peratin\/g conditions
Symbol Parameter Conditions Min Max Units
Iy Input Leakage Current Vin= Vss t0 Voo -2 2 A
o Output Leakage Current CS1=Vyy or C82=Vy_or OE=Vy -2 2 ‘A
Viio=Vss to Vee
All Inputs at TTL Levels
lecc Active Quiescent Current, TTL CS1=Vy, TTLor CS2=V)y, TTL 25 .| mA
|"0 =0mA )
Std. All Inputs at CMOS Levels 2 mA
lec T Active Quiescent Current, CMOS | CS1=V,, CMOS and CSZ Vi, CMOS
. ) lyjo=0mA 100 pA
. Duty Cycle = 100%
| Average Operating Current, TTL All Inputs at TTL Levels 60 mA
cc1
. . Duty Cycle=100%
Average Operating Current, CMOS Al Inputs at CMOS Levels 40 mA
Std. CSi=Vy, TTLor CS2= = Vi, TTL 4 mA
1 Standby Power Supply Current 1H, I
S8 L y PPy lio=0mA 2 mA
Std. ) / —_— ' 2 mA
lsgt L Standby Power Supply Current CS1=Vy, CMOS or CS2=V,, CMOS 700 "y
i . 2
v Output Low Voltage, TTL loL=2.1 mA . 04 Vv
o Output Low Voltage, CMOS loL= = 10 4A —02 | o2 v
v Output High Voltage, TTL lon= —1.0mA 2.4 \
oH Output High Voltage, CMOS lon= =10 4A Voo—-02 | Voc+02 | V
Capacitance
Symbol Parameter Conditions " Max Units
Cin Input Capacitance Vin=0V (Note 5) 6 pF
Cio “Input/Output Capacitance Vy;0 =0V (Note 5) 8 pF
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AC Electrical Characteristics (vote 1) (standard and L Versions)

E

NMC6164/6164L - g

Symbol Parameter -10* -12* -15* Units | &

Min | Max | Min | Max | Min | Max D

READ CYCLE (Note 4) E

tre Read Cycle Time 100 120 150 ns z

taa Address Access Time 100 120 150 ns g

tco Chip Selection (CS1) to Output Valid 100 120 150 ns 8

tcoz Chip Selection (CS2) to Output Valid 100 120 150 ns b

toz | Output Enable (OE) to Output Valid 50 60 70 | »ns g

tizy Chip Selection (CS1) to Output Active 10 10 15 ns -~
ti o Chip Selection (CS2) to Output Active 10 10 15 ns
torz Output Enable (OE) to Output Active 5 5 5 ns
thz1 Chip Deselection (CS1) to Output in Hi-Z (Notes 2'and 3)| 0 35 0 40 0 50 ns
thz2 Chip Deselection (CS2) to Output in Hi-Z (Notes 2 and 3){ 0 35 0 40 0 50 ns
tonz Output Disable (OE) to Output in Hi-Z (Notes 2 and 3) 0 35 0 40 0 50 ns
toHa Output Hold from Address Change 10 10 15 ns

WRITE CYCLE

twe Write Cycle Time 100 120 150 ns
tcw: | Chip Selection (CS1) to End of Write (Note 10) 80 85 100 - ns
tcw2 | Chip Selection {CS2) to End of Write 80 85 100 ns
tas Address Set-Up Time (Note 7) 0 0 0 ns
taw Address Valid to End of Write : 80 85 100 ns
twp Write Pulse Width (Note 6) 60 70 90 ns
twal Write Recovery Time from CS1 (Note 8) 0 5 10 ns
twrz Write Recovery Time from CS2 (Note 8) 0 5 10 ns
twhz Beginning of Write to Output in Hi-Z (Note 9) 0 35 0 40 - 0 50 ns
tow Data Valid to Write Time Overlap 35 40 50 ] ns
ton Data Hold from End of Write . 0 0 0 ns
tonz | Output Disable (OE) to Output in Hi-Z 0 | 35 0 | 40 0| 5 | ns
tow Output Active from End of Write 5 5 0] | ns

*Applies to Standard and L Versions.
Note 1: AC test conditions Tp=0°C to +70°C, Voo =5V = 10%.
Note 2: t,7 and toyz are defined as the time at which the outputs achieve the open circuit condition and are determined as:
High to TRI-STATE measured as Vg (DC)- 0.1V
Low to TRI-STATE measured as Vo, (DC)+ 0.1V
Note 3: At any given temperature and voltage condition, tz max iS less than t 7y, both for a glven device and from device to device.
Note 4: WE is high for read cycle.
Note 5: Tp=25°C, f= 1.0 MHz. This parameter is sampled and not 100% tested.
Note 6: A write occurs during the overlap (typ) of a low CS1 and a high CS2 and a low WE.
Note 7: t,5 is measured from the address changes to the beginning of the write.
Note 8: tyyp Is measured from the earliest of CS1 or WE going high or CS2 going low to the end of the write cycle.
Note 9: If CS1 is low and CS2is high during this period, 1/0 pins are in the output state. At this time, the data input signals of opposite phase to the outputs
must not be applied.
Note 10: If the CS1 low transition occurs slmultaneously with the WE low transition or after the WE transition, the outputs will remain in a Hi-Z state.

Note 11: CS2 controls the address buffers, WE butfer, CS1 buffer, Dy buffer and OE butfer. When CS2 controls the data retention mode, Vi level (address,
WE CS1 OE) can be in the high impedance state. When CS1 controls the data retention mode, CS2 must be at Vi, CMOS. All other input levels (address,
WE, 1/0) can be in the high impedance state.

e AC Test Load
AC Test Conditions:
5V £10% 1.6v
Input pulse levels V;y=3.0V, V| =0.0V
Input rise and fall times 5 ns v 3900
All input and output timing reference levels 1. 5V ce
NMCE164/ 1/0n
61641 (INCLUDING
Vss 100pF  JIG & PROBE
CAPACITANCE)
- = TUDI5287-3
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NMC6164/NMC6164L

Timing Waveforms
Write Cycle 1 (OE Clocked)

twe
WC

ADDRES!’; X , X
T %4 AN
@i N % /

towz twrz —»
cs2 jl \k
WE
toH
Dour
Dix B

TUD/5287-4

Write Cycle 2 (OE Low Fixed)

| twe.

WC

SN o

towz twaz —>|

Y 4 | MR

1
P

N \
°°"‘% A

[-——twiz Tow fon : ] ‘
—X i
DN RS

TUD/5287-5




e
Timing Waveforms (continued) =
Read Cycle g
=Y
the (o2
taa E
ADDRESS =
X A =
tcor O
— (=2}
Cs1 \S lﬁ 3
tz1 o
tcoz thz1 r-
2
/
cs2 7 j \&

| toe tHz2

-t z—> loxz

Dour DATA VALID 4 e

Low VCC Data Retention (L Version)

Symbol Parameter " Conditions. Min Max Units
Voai V¢ for Data Retention CS1>V)y, CMOS 20 Y

) CS2>Vyy, CMOS
Va2 V¢ for Data Retention CS2<«V,,CMOS 20 v
lccoRri Data Retention Current (Note 11) Veg=2V 40 A

CSi>Vy, CMOS
CS2>V,y, CMOS

lccpr2 Data Retention Current (Note 11) Veg=2V 40 A
) CS2<V,, CMOS

tcor Chip Deselect to Data Retention Time | See Retention Waveform 0 ns

tg Operation Recovery Time See Retention Waveform tre ns

Low Vcc Data Retention Waveforms

No. 1 (CS1 Controlled)
—»| tcoa DATA RETENTION MODE tR—>|

Vee
4.5V Z
2.2V —_—

Vor \L J, \
s CS1=Viy, CMOS

()

TL/DI5287-7

No.2(CS2 Controlled)

‘ —+|tcon DATA RETENTION MODE—————————————— o 1y |=—
cc
4.5V (e ——————
Zav
o N CS2=ViL, CMOS
ov

TL/DIS287-8
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EPROMs
Section Contents
MM2716 16,384-Bit (2048 x 8) UV Erasable PROM . ............ e e 63
MM2758 8,192-Bit (1024 x 8) UV Erasable PROM .. . . ...ttt et et e e e e e e e e e e e e e 6-10
NMC27C16 16,384-Bit (2048 x 8) UV Erasable CMOS PROM . . ... ....vvinieeittiiieaa ettt aie s 6-16
NMC27C32 32,768-Bit (4096 X 8) UV Erasable CMOS PROM . ... ... uvvttenen ettt eteeneiaet ey 623
NMC27C256 262,144-Bit (32K 8) UV Erasable CMOS PROM . .. .. .iuuiitit it ie e eeeeeaenens 6-30

4

6-2



National
Semiconductor
MM2716 16,384-Bit (2048 x 8) UV Erasable PROM

Parameter/Order Number MM2716 MM2716-1 MM2716€E

=
=
N
~J
-t
o]

Access Time (ns) 450 350 450
Vg Power Supply 5V 5% 5V £ 10% 5V +5%
General Description - Features

The MM2716 Is a high speed 16k UV erasable and electric- M Access time down to 350 ns

ally reprogrammable EPROM, ideally suited for applica- m Low power consumption

tions where fast turnaround and pattern experimentation Active power: 525 mW max

are important requirements. Standby power: 132 mW max (75% savings)

The MM2716 is packaged in a 24-pin dual-in-line package B Single 5V power supply

with transparent iid. The transparent lid allows the userto @ Extended temperature range available (MM2716E),
expose the chip to ultraviolet light to erase the bit pattern. ~40°C to +85°C, 450 ns + 5% power supply

A new pattern can then be written into the device by fol-  m pjn compatible to National’s higher density EPROMSs
lowing the programming procedure. B Static—no clocks required

This EPROM is fabricated with the reliable, high volume, B TTL compatib|e inputs[outputs

time proven, N-channel MOS silicon gate technology. | TRI-STATE® output
. . DATA OUTPUTS
Block and Connection Diagrams iz o—b L
GND O—b
mo—s [HRRNN
Pin Names OF —> OUTPUT ENABLE N
R—— CHIP ENABLE oUTPUT
AND PROG LOGIC i BUFFERS
A0-A14 Addresses
E Chip Enable —| , ,
L 4
OE Output Enable - DECODER . Y GATING
0y-07 Outputs . — ?
PGM | Program . e | —» —
—> b
NC No Connect INPUTS | ] X : 16.38481T
—b DECODER . CELL MATAIX
- .
—’ hd
TLI051831
276256 | 270128 | 27064 | 27032 2rc32 | 27064 | 270128 | 270258
27256 | 27128 | 2764 | 2732 2132 | 27164 | 21128 | 27256
Vep Ve Vep veo Vee Voo
amz | oz | oA Dual-In-Line Package ) M| Fm | A
1Y A7 AT AT A7T~—{1 [ ol Veo NC A3 A13
A6 A6 A | s a6 —2 2 r— A8 A8 8 A8 A8
as A5 A5 | s As—3 2}— A9 | as | x| .me
M ] | o A—{4 ab—=wr | A | ann{ A | an
A a3 | A | as As—{ 5 0f—0F |O0F/we| OF | OF OE
A2 A 2| a Az —{5 MM2716 19fb=a0 | e | a0 | a0 [ an
—1 TOP VIEW
Al Al Al Al A7 18}—TE 3 CE 13 CE
A0 A0 A | a0 A —{8 17p—=0r 07 0 07 [
0 0o 0o 0 [ ] 16— 0s 0s 0s O¢ [
01 (4] 0 D 01 —{10 15 05 0Os 05 0s 05
02 0z 02 0z 02 —{11 18 pom 04 04 04 04 04
GND GND GND | GND | GND —]12 13p=—03 03 03 03 03

TLIDI5183.2

NS Package Number J24A-Q
Note: National’s socket compatible EPROM pin configurations are shown In the blocks adjacent to the MM2716 pins.
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MM2716

Absolute Maximum Ratings (Note 1)

—10°Cto +80°C
—65°Cto +125°C

Temperature Under Bias
Storage Temperature

All Input or Output Voltages with

Temperature Range
MM2716, MM2716-1

MM2716E

Operating Conditions (Note 9)

0°Cto +70°C
—~40°Cto +85°C

Respect to Ground +6.5Vto - 0.3V Ve Power Supply (Notes 2 and 3)
Vpp Supply Voltage with Respect MM2716, MM2716E 5V5%
to Ground During Program +26.5Vto - 0.3V MM2716-1 5Vx10%
Power Dissipation 1.5wW Vep Power Supply (Note 3) Vee
Lead Temperature (Soldering, 10 seconds) 300°C
READ OPERATION
DC and Operating Characteristics
Symbol Parameter Conditions Min Typ (Note 4) Max Units -
Iy Input Load Current Vin=Vecor GND 10 rA
o Output Leakage Current | Voyr=Vcc or GND, CE=V|y , 10 A
leci Vcc Current (Standby) CE=Vi4 10 25 mA
lcc2 (Note 3) Ve Current (Active) OE=CE=V,/0=0mA 57 100 mA
ViL Input Low Voltage -0.1 : 0.8 \
Vin Input High Voitage 2.0 Veg+1 \
VoL Output Low Voltage loL=2.1 mA 0.45 A
Vou Output High Voltage lon = —400 pA 24 v
AC Characteristics
Symbol - Parameter Conditions rmnzgsse MM2716-1 Units
‘ Min Max Min Max
tacc Address to Output Detay CE=0E=V,_ 450 350 ns
tce CE to Output Delay OE=V, 450 350 ns
toe Output Enable to Output Delay CE=V, 120 120 ns
tor Output Enable High to Output Float CE=V,_ 0 100 0 100 ns
ton (Note 5) Output Hold from Addresses, CE=0E=V,_ 0 ' ns
CE or OE, Whichever
Occurred First

Capacitance (Note 5) (Ty= +25°C, =1 MH2)

Symbol  Parameter Conditions | Typ | Max | Units
Cin Input Capacitance Vin=0Vv 4 6 pF
Cour Output Capacitance | Voyr=0V 8 12 pF

AC Test Conditions .
Output Load 1TTLGateandC, = 100pF

Input Rise and Fall Times
Input Pulse Levels
Timing Measurement Reference Level

Inputs
Outputs

<20ns
0.8Vto2.2Vv

1Vand2v
0.8Vand2v
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" AC Waveforms (vote 2)

ADDRESSES

QUTPUT

ADDRESSES
VALID
I tce
- o€ (NOTE 6) toF (NOTE 7)
¢ Hi-Z
VALID OUTPUT »)-
p—— :
fe———tacc (NOTE 6)—— — to4 J—

TL/D!5183-3

" Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and func-
tional 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: V¢ must be applied simultaneously or before Vpp and removed simultaneousty or after Vpp.
Note 3: Vpp may be connected to Vo except during programming. Icc2 s the sum of the Igg active and Ipp read currents.
Note 4: Typical values are for Tp = +25°C and nominal supply voltages.
Note 5: This parameter is only sampled and Is not 100% tested.
Note 6: OF may be delayed up to tacc — tog after the falling edge of CE without impact on tocc-
Note 7: The t pF compare level is determined as follows:

High to TRI-STATE, the measured Vgp (DC) - 0.10V

Low to TRI-STATE, the measured Vg (DC) +0.10V

Note 8: TRI-STATE may be attained using OE or CE.

Note 8: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that a 0.1 4F ceramic capacitor be used on
every device between Vo and GND.
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MM2716

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

Symbol Parameter Conditions Min Typ Max Units
[ Input Current (for Any Input) Vin=Veo or GND 10 A
Ipp Vep Supply Current During CE/IPGM = V4 ' 30 mA

' Programming Pulse
lce Ve Supply Current . . 100 mA
Vi Input Low Level - -0.1 0.8 \
Vi Input High Level ) 20 Vee+1 \Y

AC Programming Characteristics (Notes 2 and 3) (Ty = +25°C £ 5°C, Ve =5V £ 5%, Vpp =25V £ 1V)

Symbot " Parameter Conditions Min Typ Max Units
tas Address Set-Up Time 2 us
toes OE Set-Up Time 2 us
tos Data Set-Up Time 2 us
taH Address Hold Time 2 us
toeH OE Hold Time 2 us
ton Data Hold Time 2 us
tor Output Enable to Output Float Delay CEIPGM =V}, 0 160 - ns
toe Output Enable to Output Delay CEIPGM=V)_ , : 160 ns
tpw Program Pulse Width 45 50 - 85 - ms
tpRT Program Pulse Rise Time 5 ns
terr Program Pulse Fall Time 5 ©ns

AC Test Conditions

Vee 5V 5%

Vep 25V £ 1V

Input Rise and Fall Times =<20ns

Input Pulse Levels 0.8Vto2.2V

Timing Measurement Reference Level

Inputs 1Vand2v

Outputs 0.8Vand2v




Programming Waveforms (Note 3) (Ve = 25V + 1V, Voo = 5V + 5%)

! PROGRAM
PROGRAM VERIFY
ADDRESS ADDRESS N K ADDRESS N+m
tas___, tad
2) (2)
DATA , X £ |DATA IN STABLE Hi-Z DATA OUT DATA IN STABLE
£\ ADD N > - g VALID ADD N ADDN+m
tor toE toF
(0.16 MAX) '| ~ (0.16 Max) | ™ I (0.16 MAX)
| \
los '
@ty ton
(45 ms) 0]
7E toes f toen
E/PGM 5 —f \E— e /
th—J = == [t TLIDI5183-4

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

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

Note 2: Vo must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The MM2716 must not be inserted into or removed from
a board with Vpp.at 25V x 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, Vo to GND to suppress spurious voltage tran-
sients which may damage the device. .
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MM2716

Functional Description

DEVICE OPERATION

The five modes of operation of the MM2716 are listed in
Table I. It should be noted that all inputs for the five modes
are at TTL levels. The power supplies required are a5V Vg
and a Vpp. The Vpp power supply must be at 25V dwring the
three programming modes, and must be at 5V in the other
two modes.

Read Mode

The MM2716 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. Assumingthat 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.

Standby Mode

The MM2716 has a standby mode which reduces the ac-
tive power dissipation by 75%, from 525 mW to 132 mW.
The MM2716 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, independent of
the OE input.

Output OR-Tying

Because MM2716s are usually used in larger memory ar-
rays, National has provided a 2-line control function that
accommodates this use of multiple memory connections.
The 24ine control function allows for:

a) the lowest possible memory power dissipation, and

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

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

Programming

CAUTION: Exceeding 26.5V on pin 21 (Vpp) will damage the
MM2716.

Initially, and after each erasure, all bits of the MM2716 are
inthe “1” state. Data is introduced by selectively program-
ming “0s” into the desired bit locations. Although only
“Qs” 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 MM2716 is in the programming mode when the Vpp
power supply is at 26V and OE is at V. It isrequired thata
0.1 uF capacitor be placed across Vpp, Vg to ground to
suppress spurious voltage transients which may damage
the device. The data to be programmed is applied 8 bits in
parallel to the data output pins. The levels required for the
address and data inputs are TTL.

When the address and data are stable, a 50 ms, active
high, TTL program pulse is applied to the CE/PGM 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 amaximumwidthof 55 ms. The MM2716

must not be programmed with a DC signal applied to the
CE/PGM input.

Programming of muitiple MM2716s in parallel with the
same data can be easily accomplished due to the simplic-
ity of the programming requirements. Like inputs of the
paraileled MM2716s 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 paral-
leled MM2716s.

Program Inhibit

Programming multiple MM2716s in parallel with different
data is also easily accomplished. Except for CEIPGM, all
like inputs (including OE) of the paraltel MM2716s may be
common.ATTL level program pulse applied to an MM2716’s
CE/PGM input with Vpp at 25V will program that MM2716.
A low level CE/PGM input inhibits the other MM2716 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. Except during
programming and program verify, Vpp must be at Vg.

TABLE I. Mode Selection

Pins CE/IPGM OE Vep | Vec Outputs
Mode (18) (20) 1) | 29 | (-11,13-17)
Read Vi ViL Vee 5 Dour
Standby Viu Don’t Care Vece 5 Hi-Z
Program Pulsed V) to Viy Vin 25 5 Din
Program Verify ViL ViL 25 5 Dour
Program Inhibit ViL Vi 25 5 Hi-Z




Functional Description (continued)

ERASURE CHARACTERISTICS

The erasure characteristics of the MM2716 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 3000 A -4000A range.
Data shows that constant exposure to room-level fiuores-
cent lighting could erase the typlcal MM2716 in approx-
imately 3 years, while it would take approximately 1 week

"to cause erasure when exposed to direct sunlight. If the
MM2716 is to be exposed to these types of lighting condi-
tions for extended periods of time, opaque labels should
be placed over the MM2716 window to prevent uninten-
tional erasure. Covering the window will also prevent tem-
porary functional failure due to the generation of photo
currents.

The recommended erasure procedure for the MM2716 is
exposure to short wave ultraviolet light which has a wave-
length of 2537 Angstroms (A). Theintegrated dose (i.e., UV
intensity x exposure time) for erasure should be a mini-
mum of 15W-sec/cm?. The erasure time with this dosage is
approximately 21 minutes using an ultraviolet lamp with a
12,000 xW/cm? power rating. The MM2716 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.

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 in-
creases 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 er-
roneously suspected when Incomplele erasure was the
problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMSs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system
designer—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 out-
put capacitance loading of the device. The associated
transient voltage peaks can be suppressed by properly
selected decoupling capacitors. It is recommended that a
0.1 uF ceramic capacitor be used on every device between
Vce and GND. This should be a high frequency capacitor
of low inherent inductance. In addition, a 4.7 uF bulk elec-
trolytic capacitor should be used between Voc 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 droop caused by the inductive effects of the PC
board traces.
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MM2758

National o
Semiconductor

MM2758 8,192-Bit (1024 x 8) UV Erasable PROM

General Description

The MM2758 is'a high speed 8k UV erasable and electrl-

cally reprogrammable EPROM, ideally suited for applica-
tions where fast turnaround and pattern experimentation
are important requirements.

The MM2758 is packaged in a 24-pin dual-in-ine 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 into the device by fol- -

lowing the programming procedure.

This EPROM s fabricated With the reliable, high volume,
time proven, N-channel MOS silicon gate technology.

Features ~  *

| Access tlme—Aso ns
B Low power consumption

Active power: 525 mW max .

Standby power: 132 mW max (75% savings)
® Single 5V power supply
B Pin compatibie to National's higher density EPROMs
B Static—no clocks required ) 0
B TTL compatible inputs/outputs ‘
B TRI-STATE® output

B . . . DATA QUTPUTS
Block and Connection Diagrams - Yee O—b> . A
. : GND O—>
Pin Names 0F — OUTPUT ENABLE L) :
E/vem CHIP ENABLE OUTPUT
AO-A14 Addr / AND PROG LOGIC BUFFERS
CE Chip Enable -
OE Output Enable — Y = ¥ GATING
y —>
0,-0; | Outputs —> DECODER N
PGM Program ha-ho >
NC No Connect ADDRESS _.' —>
INPUTS R
*Ar Select Reference —>i X . 8192817
Input Level —> DECODER . CELL MATRIX
—p ®
*
Ar —b
TLIDIS475-1
270256 | 270128 | 27c64 | 27032 | 27016 27016 | 27C32 | 27064 | 27C128| 27C256
21256 | 21128 | 2764 | 2132 | 2718 2116 | 2132 | 2764 | 27128 | 27256
Vep Vep Vep Vee Vee Vee
A2 A12 A2 Dual-in-Line Package oM | Fom A4
A7 A7 A7 AT A7 ar—1 24 vee Vee | Vec NC M3 | A3
AB 'AS Ab A6 A6 A6 —]2 23— A8 A8 AB A8 A8 A8
A5 A5 A5 A5 A5 A5 —{ 3 22— A9 A9 A9 A9 A9 A9
A4 A A4 A4 Ad A4 21}—ver ver | AN AN A1t A1
A3 A3 LY a3 A A3 - 5 20— 0E 0E | OE/wp| O OE OF
A2 A2 A2 A2 A2 A2 —46 MM2758 19 p=— Ap* A0 A10 A0 A0 A0
TOP VIEW _ _
Al A Al Al 3] Al =7 18j—CE tE TE CE Te CE
A0 A0 A0 A0 AS 40 — 8 17h=07 07 07 07 0 07
0o O Oo 0g 0g 0 —49 16 Los 0O 0s 0O [ [
01 0 0 04 0 0y —4 10 15 =05 05 05 0s 05 0s
02 02 02 02 02 02 —d 11 1 [—-04 04 04 [ 04 04
GND GND GND GND | GND GND - 12 13 |03 03 03 03 03 03

Note: Natlonal's socket compatible EPROM pin configurations
are shown In the blocks adjacent to the MM2758 pins.

*For MM2758A, Ag = V|_ for all operating modes.
*For MM2758B, AR = V4 for all operating modes.

TLIDISATS-2

Order Number MM2758Q-A or MM2758Q-B
NS Package Number J24A-Q
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Absolute Maximum Ratings (Note 1) Operating Conditions (Note 9) =
Temperature Under Bias ~10°Cto +80°C Temperature Range 0°C-70°C ':‘)
Storage Temperature : -65°Cto +125°C Vcc Power Supply (Notes 2 and 3) 5V+5% (4,1
All Input or Output Voltages with Vpp Power Supply (Note 3) Vee (<]
Respect to Ground ‘ "+6.5Vto - 0.3V .
Vpp Supply Voltage with Respect
to Ground During Program +26.5Vto — 0.3V
Power Dissipation . 1.5W
Lead Temperature (Soldering, 10 seconds) 300°C
READ OPERATION
DC and Operating Characteristics
Symbol Parameter Conditions Min Typ (Note 4) Max Units
Iy Input Load Current Vin=Vcc or GND 10 A
lo Output Leakage Current | Vour=Vcecor GND, CE=Vy 10 A
Icct Ve Current (Standby) CE=Vjy 10 1 25 mA
lcca (Note 3) | Veg Current (Active) OE=CE=V,,/0=0mA 57 100 mA
Vi input Low Voltage ~-0.1 0.8 v
Vin Input High Voltage 20 . Vee+1 \
VoL Output Low Voltage loL=2.1 mA 0:45 v
VoH Output High Voltage lon= — 400 sA 24 S v

AC Characteristics

Symbol Parameter Conditions Min Max Units
tacc Address to Qutput Delay CE=0E=V,_ . | . 450 . ns:
tee CE to Output Delay OE=V, 450 ns
tog - Output Enable to Output Delay CE=V, 120 ns
tor Output Enable High to Output Float CE=Vy 100 ns
toH (Note 5) Output Hold from Addresses, CE or CE=0E=V,_ ns

OE, Whichever Occurred First

Capacitance (Note5) (Ta = +25°C, f=1MHz)

Symbol Parameter Conditions | Typ | Max | Units

Cin Input Capacitance ViN=0V 4 6 pF
Cout Output Capacitance | Voyr=0V 8 12 pF

AC Test Conditions

Output Load 1TTLGateandC =100 pF

Input Rise and Fall Times =<20ns

Input Pulse Levels 0.8Vto2.2v

Timing Measurement Reference Level :
Inputs : 1Vand2Vv
Outputs 0.8Vand2Vv
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MM2758

AC Waveforms (Note 2)

RDDRESSES
VALID

X
,/_

ADDRESSES

| L

L———tcz—.—

e——
[3
tog (NOTE 6)— foF (NOTE 7)
Hi-Z N\ Hi-Z
OUTPUT  sememsmemne VALID OUTPUY . .
le————— tacc (NOTE 6)~——— . —] gy f—

TLIDI5475-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only and func-
tional 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: Vi must be applied simultaneously or before Vpp and removed simultaneousty or after Vpp
Note 3: Vpp may be connected to Vg except during programming. |gc2s the sum of the I active and I pp read currents.
Note 4: Typical values are for T = +25°C and nominal supply voltages.
Note §: This parameter is only sampled and is not 100% tested.
" Note 6: OE may be delayed up to tacG - tOE after the falling edge of CE without impact on tacc.

Note 7: The toﬁ compare level is determined as follows:
High to TRI-STATE, the measured Vo (DC)-0.10V
Low to TRI-STATE, the measured Vg_(DC) +0.10V

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

Programming Waveforms (ote 3) (Vep =25V = 1V, Ve = 5V £ 5%)

| PROGRAM
PROGRAM VERIFY
ADDRESS - : ADDRESS N X ADDRESS N +m
tas tan
() (2) 1
DATA Y DATA IN STABLE Hi-Z o DATA OUT - DATA IN STABLE
's ADD N VALID ADD N ADDN+m
toF toe tor
(0.16 MAx)_’I < (0.16 MAX) I~ ™™ (0.16 MAX)
- -
tos
@ "t
(45 ms)
toes ,f toen
CE/PGM @ / \«— ) /
teRT —>| e— —»| le—1pfT

TLIDISA?5-4

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

Note 1: National's standard product warranty applies only to devices prog d to specificati described herein. .

Note 2: Vo must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The MM2758 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 itor is required across Vpp, VGG to GND to suppress spurious voltage tran-
sients which may damage the device.
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PROGRAMMING CHARACTERISTICS (ote 1)
DC Programming Characteristics (otes 2and 3)(Ta= +25°C +5°C, Voo =5V £ 5%, Vpp =25V = 1V)

=
=
N
N
cn
o

Symbol Parameter Conditions Min Typ ' Max Units
Iu Input Current (for Any Input) ViNn=Vec or GND 10 uA
Ipp Vpp Supply Current During CE/IPGM =V : 30 mA

Programming Pulse
lee Vee Supbly Current 100 mA
ViL Input Low Level ~0.1 0.8 \
ViH Input High Level 20 Vec+ 1 \"

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

Symbol Parameter Conditions Min Typ Max Units
tas Address Set-Up Time ' 2 4uS
togs OE Set-Up Time 2 us
tps Data Set-Up Time 2 us
tan Address Hold Time 2 ‘ us
toen OE Hold Time 2 s .
toH Data Hold Time 2 us
tpor Output Enable to Output Float Delay CE/IPGM =V, 0 160 ns
toe Output Enable to Output Delay CE/IPGM =V, 160 ns
tpw Program Pulse Width : 45 50 55 ms
tpRT Program Pulse Rise Time 5 ns
tpET Program Pulse Fall Time 5 ns

AC Test Conditions

Vee 5V+5%
Vpp 25V 1V
Input Rise and Fall Times <20ns
Input Pulse Levels 0.8Vtio2.2Vv
Timing Measurement Reference Level :
Inputs 1Vandav
Outputs 0.8Vand2v
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MM2758

Functional Description
/
DEVICE OPERATION

The five modes of operation of the MM2758 are listed in
Table I. it should be noted that all inputs for the five modes
areat TTL levels. The power supplies required area5V Ve
and a Vpp. The Vpp power supply must be at 25V during the
three programming modes, and must be at 5V in the other
two modes.

Read Mode

The MM2758 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
controi and should be used to gate data to the output pins,
independent of device selection. Assumingthat addresses
are stable, address accesstime (tacc) is equal to the delay
from CE to output {tcg). Datais 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-

Standby Mode

The MM2758 has a standby mode which reduces the ac-
tive power dissipation by 75%, from 525 mW to 132 mW.
The MM2758 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, independent of
the OE input.

Output OR-Tying

Because MM2758s are usually used in larger memory ar-
rays, National has provided a 2-line control function that
accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

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

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

Programmlng

CAUTION: Exceeding 26.5V on pin 21 (Vpp) will damage the
MM2758.

Initially, and after each erasure, all bits of the MM2758 are
inthe “1” state. Datais introduced by selectively program-
ming “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 MM2758 is in the programming mode when the Vep
power supply is at 25V and OE is at V. It isrequired that a
0.1 uF capacitor be placed across Vpp, V¢ 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 ievels 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 MM2758 must
not be programmed with a DC signal applied to the CE/PGM
input.

Programming of multiple MM2758s in parallel with the
same data can be easily accomplished due to the simplic-
ity of the programming requirements. Like inputs of the
paralleled MM2758s 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 paral-
leled MM2758s.

Program inhibit

Programming multiple MM2758s in paraliel with different
data is also easily accomplished. Except for CE/PGM, all
like inputs (including OE) of the parallel MM2758s may be
-common. ATTL level program pulse applied to an MM2758's
CE/PGM input with Vpp at 25V will program that MM2758.
A low tevel CE/PGM input inhibits the other MM2758 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. Except during
programming and program verify, Vpp must be at Veg. -

TABLE I. Mode Selection

Pins CE/PGM " OE Vep | Vee Outputs
Mode (18) (20) (21) (24) (9-11, 13-17)
Read Vi Vi Vee 5 Dour
Standby Viy Don’t Care Veo 5 Hi-Z
Program Pulsed Vy_to Vi Vi 25 5 Din
Program Verify ViL ViL 25 5 Dout
Program Inhibit ViL Vin 25 5 Hi-Z
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Functional Description (continued)

ERASURE CHARACTERISTICS

The erasure characteristics of the MM2758 are such that
erasure begins to occur when exposed to light with wave-
lengths shorter than approximately 4000 Angstroms (At
should be noted that sunlight and certain types of fluores-
cent lamps have wavelengths in the 3000A -4000A range.
Data shows that constant exposure to room-level fluores-
cent lighting could erase the typical MM2758 in approx-
imately 3 years, while it would take approximately 1 week
to cause erasure when exposed to direct sunlight. If the
MM2758 is to be exposed to these types of lighting condi-
tions for extended periods of time, opaque labels should
be placed over the MM2758 window to prevent uninten-
tional erasure. Covering the window will also prevent tem-
porary functional failure due to the generation of photo
currents.

The recommended erasure procedure for the MM2758 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 mini-
mum of 15W-sec/cm?. The erasure time with this dosageis
approximately 21 minutes using an ultraviolet lamp with a
12,000 pWicm? power rating. The MM2758 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 MM2758 may take up to 60 minutes for com-
plete 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 in-
creases by a factor of 4.) Lamps lose intensity as they age.
When alamp 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 er-
roneously suspected when incomplete erasure was the
problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, lcc,
has three segments that are of interest to the system
designer—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 out-
put capacitance loading of the device. The associated
transient voltage peaks can be suppressed by properly
selected decoupling capacitors. It is recommended that a
0.1 uF ceramic capacitor be used on every device between
Vcc and GND. This should be a high frequency capacitor
of low inherent inductance. In addition, a 4.7 uF bulk elec-
trolytic capacitor shouid 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 purpose of the bulk capacitor is to overcome the
voltage droop caused by the inductive effects of the PC
board traces.
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AT

National N
Semiconductor microCMOS

NMC27C16 16,384-Bit (2048 x 8) UV Erasable CMOS PROM

' Parameter/Order Number P.JMCZ7C1G-35 NNMI::(:‘YCT:HZFS
Access Time (ns) 350 450
Vg Power Supply 5V+5% ! 5V+5%
- . :
General Description Features

The NMC27C16 is a high speed 16k UV erasable and elec- B Access time: 350 ns, 450 ns
trically reprogrammable CMOS EPROM, ideally suited for B Low CMOS power consumption

applications where fast turnaround, pattern experi- Active power: 26.25 mW max
mentation and low power consumptlon are important Standby power: 0.53 mW max (98% savmgs)
requirements. . } W Performance compatible to NSC800™ CMOS

R L microprocessor
The NMC27C16 is packaged in a 24-pin dualin-line " g Single 5V power supply

package with transparent lid. The transparent lid allows  m Extended temperature range available

the user to expose the chip to ultraviolet light to erase the (NMC27C16E-45), — 40°C to +85°C,

bit pattern. A new pattern can then be written into the 450 ns + 5% power supply

device by following the programming procedure. 10 ms programming available (NMC27C16H-45),
) an 80% time savings

Pin compatible to MM2716 and National’s higher

density EPROMs

Static—no clocks required

TTL compatible inputs/outputs

TRI-STATE® output

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

= N Voo DATA QUTPUTS 0g-07
—————
Block and Connection Diagrams o ot
» et . = IR
: i . OE —»! QUTPUT ENABLE N
CHIP ENABLE OUTPUT
Pin Names ) CE/PoM — AND PROG LOGIC >, BUFFERS
AQ-A14 Addresses
CE Chip Enabl = v .
peces 'p Enable —»] DECODER . ¥ GATING
OE Output Enable —> >
0,-07 Outputs [ m’;‘:":s‘g —p N
=== —]
INPUTS O
PGM Program US| —) X R 16.384-81T
NC No Connect —>] DECODER : CELL MATRIX
3 .
—p] '—.>
TLIDI5275-1
216256 | 270128 | 27064 | 27032 27032 | 27064 | 270128 | 270256
27256 | 228 | 2764 | 2732 2132 | 2768 | 21128 | 27256
Vep Vep Vep Voo Voo Voo
Az | a2 | a2 Dual-In-Line Package PGW | POW | Al
I | oar | om | m— v | vee | NC | A3 | A1
A6 a5 | a6 | as | as—]2 23— | a8 | a8 8 "
A5 a5 | as | as | as—{3 2f—a9 | a9 | as a8 9
A po | oa | oA | a—a Ap—vwr | A1 | A oan | oan
" | oA | oa | m—s w0p—0F |OE/we| O | O | OE
a2 a2 | m | a2 | a2—s NMc2icte 19f—Aw0 | At0 | a0 | A | aw
TOP VIEW
M A1 At A M7 18}—TE te 44 tE 44
A0 m | a0 | a0 | m—s : o | o | o o o
Op 0o [] [ Op =<9 16 p~— 05 Os 0g 05 0
0 0 0y 01 01 =—{10 15 p=— 05 0Os 0s 0s 05
02 02 02 02 02 =11 ) 14 }—0a 04 04 04 04
GND GND GND GND | GND ==d 12 13 p==03 03 03 03 03 .
NS Package Number J24A.Q Tuesasd

Note: Na(ional s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C16 pins.
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Absolute Maximum Ratings (Note 1)

Temperature Under Bias —-10°Cto +80°C

Operating Conditions (ote 9)

Temperature Range

Storage Temperature —65°Cto +125°C NMC27C16-35, NMC27C16-45,
All Input Voltages with Respect NMG27C16H-45 0°Cto +70°C
to Ground ' +6.5Vto — 0.3V NMC27C16E-45 —40°Cto +85°C
All Output Voltages with Respect Ve Power Supply (Notes 2 and 3) 5V 5%
to Ground Vcc+ 0.3VtoGND - 0.3V VPP Power Supp|y (Note 3) VCC
Vpp Supply Voltage with Respect
to Ground During Programming +26.5Vto - 0.3V
Power Dissipation 1.0W
Lead Temperature (Soldering, 10 seconds) 300°C
READ OPERATION
DC and Operating Characteristics
Symbol Parameter Conditions Min Typ (Note 4) Max | Units
M) Input Load Current Vin= Ve or GND 10 A
o Output Leakage Current | Voyr=Vccor GND, CE=Vy 10 kA
lcct (Note 3) | Vg Current (Active) OE=CE=V_ 2 10 mA
TTL Inputs Inputs =V or Vi, f=1MHz,
110=0mA
lccz (Note 3) | Vg Current (Active) OE=CE=VIL, 1 5 mA
. CMOS Inputs Inputs = V¢c or GND
’ f=1MHz, IO=0mA
lcesat Ve Current (Standby) CE=Vjy 0.1 1 mA
: TTL Inputs
lcoss2 Vg Current (Standby) CE= Vee 0.01 041 mA
CMOS Inputs -
ViL Input Low Voltage =01 0.8 \
Vin Input High Voltage 20 Vec+1 \
VoL Output Low Voltage lor=21mA 0.45 v
Vor1 Output High Voltage lon= —400 pA 24 \
VoL Output Low Voltage loL=0¢A 0.1 \
Von2 Output High Voltage lop=04A Vee-0.1 v
-AC Characteristics
NMC27C16E-45
NMC27C16-35 NMC27C16-45
Symbol Parameter Conditions ‘ NMC27C16H-45 Units
Min Max Min Max
tacc Address to Output Delay CE=0E=V, 350 ‘ 450 ns
tee CE to Output Delay OE=V,_ 350 450 ns
toE. Output Enable to CE=V, 120 120 ns
Output Delay
tor Output Enable High to CE=V,_ 0 100 0 100 ns
Output Float
ton (Note 5) Output Hold from __ CE=0E=V_ 0 0 ns
Addresses, CE or OE,
Whichever Occurred First
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NMC27C16

/

Capacitance (Note 5)(Ty = +25°C, =1 MH2)

Symbol Parameter Conditions | Typ | Max | Units
" CiN Input Capacitance ViN=0V 4 6 pF
Cout Output Capacitance | Vour=0V 8 12 pF
AC Test Conditions
Output Load 1TTLGateandC_ =100 pF
Input Rise and Fall Times =<20ns
Input Pulse Levels 0.8Vto2.2v
Timing Measurement Reference Level
Inputs ) . 1Vand2v
Outputs . 0.8Vand2v

AC Waveforms (Note 2) ,
ADDRESSES g ) A-D?I:ﬁnsss ] X
C_E F—

tog ————»
%
tog (NOTE 6)-=] tor (NOTE 7)
. Hi-Z : Hi-Z
OQUTPUT et VALID OUTPUT 72
fe———tacc (NOTE 6)——| . —] oy

TLIDIS275-3

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

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

Note 3: Vpp may be connected to Vo except during programming. Icc1sthe sum of the Igc active and 1pp read currents.
Note 4: Typical values are for Tp = +25°C and nominal supply voltages.

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

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

Note 7: The tpf compare leve! is determined as follows:

High to TRI-STATE, the measured Vo1 (DC) - 0.10V
Low to TRI-STATE, the measured Vot 1 (DC) +0.10V

Note 8: TRI-STATE may be attained using OE or CE.

Note 8: The power switching characteristics of EPROMsTequire careful device decoupling. It is recommended that a 0.1 zF ceramic capacitor be used on
every device between VG 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.

I
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PROGRAMMING CHARACTERISTICS (ote 1

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

<
s
Q
N
N
o
-
»

Symbol ) Parameter Conditions Min Typ Max Units
I Input Current (for Any Input) ViN=Vgc or GND a 10 A
lpp Vep Supply Current During CE/PGM =V, 30 mA

Programming Pulse
leo Vee Supply Current ‘ ’ 10 mA
Vi Input Low Level . -01 0.8 \
Vin Input High Level 2.0 Vec+1 v

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

NMC27C16 Devices NMC27C16H-45
Symbol Parameter Conditions : Units
Min Typ Max Min Typ Max
tas Address Set-Up Time 2 2 s
toes | OE Set-Up Time 2 2 S
tos Data Set-Up Time 2 2 kS
tan Address Hold Time 2 2 us
toen | OE Hold Time 2 2 us
ton Data Hold Time 2 2 »s
tor Output Enable to Output Float Delay | CE/PGM =V, 0 160 0 160 ns
toe Output Enable to Output Delay CEIPGM =V, 160 160 ns
tew Program Pulse Width 45 50 55 9 10 M ms
tpRT Program Pulse Rise Time 5 5 ns
tpeT Program Pulse Fall Time 5 , 5 ns

AC Test Conditions
Vee 5V +5%
Vpp 25V 1V
Input Rise and Fall Times =<20ns
Input Pulse Levels 0.8Vto2.2v
Timing Measurement Reference Level
Inputs 1Vand2Vv
Outputs 0.8VandaVv
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NMC27C16

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

PROGRAM
PROGRAM VERIFY
ADORESS X ADDRESS N ADDRESS N-+m
| g ]
o : @ J
DATA IN STABLE Az DATA OUT DATA IN STABLE
DATA . ADD N VALID ADD N ADD N-+m
tor | e tor
(0.16 mx)_'i I~ {815 MAX) ~— ™™ (0.16 MAX)
OE \ .
(1] tow
@ 4508 on
T am)™] [T

togs K toen
CE/PGM ) @ ——-l /

PAT—>| fe—  —=| [T

TLIDIS2754

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

1", i1,

Note 1: National's dard product warranty (,, only to devices prog: d to sp! lons 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.

Note3: The | ble voltage which may be applied to the Vpp pin during programming is 26V. Care must be taken when swltching the Vpp supply
fo prevent hoot g this 26V i specification. A 0.1 xF capacitor is required across Vpp, Vg to GND to suppress spurious voltage tran-
sients which may damage the device. .
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Functional Description

DEVICE OPERATION

The five modes of operation of the NMC27C16 are listed in
Table . It should be noted that all inputs for the five modes
areat TTL levels. The power supplies required are a5V V¢
and a Vpp. The Vpp power supply must be at 25V during the
three programming modes, and must be at 5V in the other
two 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 toe
after the falling edge of OE, assuming that CE has been
low and addresses have been stable for at least tacc-tog-
The NMC27C16 requires one address transition after in-
itial power-up to reset the outputs.

Standby Mode

The NMC27C16 has a standby mode which reduces the ac-
tive 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, independent of
the OE input.

Output OR-Tying

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

a) the lowest possible memory power dissipation, and

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

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

Programming

CAUTION: Exceeding 26.5V on pin 21 (Vpp) willdamage 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
presented 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. Itisrequired that a
0.1 »F capacitor be placed across Vpp, V¢ 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 stabie, a50 ms (10 ms for
the NMC27C16H-45), active high, TTL program pulse is
applied to the CE/PGM input. A program pulse must be
applied at each address location to be programmed. You
can program any location at any time—either individu-
ally, sequentially, or at random. The program pulse has a
maximum width of 55 ms (11 ms for the NMC27C16H-45).
The NMC27C16 must not be programmed with a DC
signal applied to the CE/PGM input.

Programming muitipte NMC27C16s in parallel with the
same data can be easily accomplished due to the simplic-
ity 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 paral-
leled NMC27C16s.

TABLE ). Mode Selection

Pins CE/PGM OE Vep | Vec Outputs
Mode (18) (20) (21) | @4) | (9-11,13-17)
Read Vi Vi Vee 5 Dour
Standby Vi Don't Care Vee 5 Hi-Z
Program Pulsed V| to Viy Vin 25 5 Din
Program Verify ViL ViL 25 5 Dout
Program Inhibit Vi ViH 25 5 Hi-Z
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NMC27C16

Functional Description (continued)

Program Inhibit

Programming multiple NMC27C16s in parallel with dif-
ferent 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 in-
hibits the other 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. Except during
programming and program verify, Vpp must be at Vgc.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C16 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 3000 A 4000 A
range. Data shows that constant exposure to room-level
fluorescent lighting could erase the typical NMC27C16 in
approximately 3 years, while it would take approximately 1
week to cause erasure when exposed to direct sunlight. If
the NMC27C16 is to be exposed to these types of lighting
conditions for extended periods of time, opaque labels
should be placed over the NMC27C16 window to prevent
unintentional erasure. Covering the window will also pre-
vent temporary functional failure due to the generation of
photo currents.

The recommended erasure procedure for the NMC27C16
is exposure to short wave ultraviolet light which has a
wavelength of 2537 Angstroms (A). The integrated dose
(i.e., UV intensity x exposure time) for erasure should be a
minimum of 15W-sec/cm?. The erasure time with this dos-
age is approximately 21 minutes using an ultraviolet lamp
with a 12,000 uWicm? 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. .

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 in-
creases 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 er-
roneously suspected when incomplete erasure was the

problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, igg,
has three segments that are of interest to the system
designer—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 out-
put capacitance loading of the device. The associated
transient voltage peaks can be suppressed by properly
selected decoupling capacitors. It is recommended that a
0.1 xF ceramic capacitor be used on every device between
Vcc and GND. This should be a high frequency capacitor
of iow inherent inductance. In addition, a 4.7 uF bulk elec-
trolytic 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 purpose of the bulk capacitor is to overcome the
voltage droop caused by the inductive effects of the PC
board traces.
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National
Semiconductor microCMOS

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

¢€JO.LZONN

Parameter/Order Number NMC27C32:35 Naroonds.
Access Time (ns) 350 450 .
Ve Power Supply V5% 5Vx5%
General Description Features
The NMC27C32 is a high speed 32k UV erasable and elec- B Access time: 350 ns, 450 ns
trically reprogrammable CMOS EPROM, ideally suited m Low CMOS power consumption
for applications where fast turnaround, pattern experi- Active power: 26.25 mW max
mentation and low power consumption are important Standby power: 0.53 mW max (38% savings)
requirements. m Performance compatible to NSC800™ CMOS
The NMC27C32 is packaged in a 24-pin dual-in-line microprocessor :
package with transparent lid. The transparent lid ailows W Single 5V power supply
the user to expose the chip to uitraviolet light to erase the W Extended temperature range available
bit pattern. A new pattern can then be written into the (NMC27C32E-45), —40°C to +85°C, 450 ns +5%
device by following the programming procedure. power supply
This EPROM is fabricated with the reliable, high volume, m 10 ms programming available (NMC27C32H-45), an
time proven, microCMOS silicon gate technology. 80% time savings
. B Pin compatible to NMC2732 and National’s higher

density EPROMs

Static — no clocks required
TTL compatible inputs/outputs
Two-line control

TRI-STATE® output

DATA QUTPUTS 0g-07

Block and Connection Diagrams i and

o NRARERNI

gE—s]  OUTPUTENABLEAND | )]
Pin Names 4 CHit EVABLE ouTPUT
— BUFFERS
AD-A14 Addresses
= T —] —»
CE Chip Enable -l v .
== —> DECODER . ¥ GATIRG
OE Output Enable -l .
Oq- a0-a1t | —¥]
0-07 Outputs ADDRESS { —] —>1
. Neuts | — 1
PGM Program ! i X : 32,768-817
NC No Connect ey DECODER : CELL MATRIX
— .
—] o
o
21c256 | 270128 | 27C64 | 27C16 21016 | 27c64 | 270128 | 276256
27256 | 27128 | 2764 | 2716 a6 | 2764 | 27128 | 27256
Vep Ver Vep vee Vee Vee
amz | omz | oan Dual-In-Line Package TR | P | ane
A7 A7 ar | ow ar—{1 24— e Ve | NC | A3 | a3
6 A6 a6 | A5 as—2 21— a8 A | A A8 A8
As A as | As As—{3 22— A9 A | oA a8 A9
M Y A A M 2= A1 v | A |oann [ an
[X} A3 A3 A3 A3 —5 0l—=0E/Ve | OF 13 13 0¢
A2 A2 (YRR Y a2 —6 - 19— A0 a0 | a0 | oan | a0
NMC21C32
“ At M Al M—7 TOPVIEW - 45T [ tE 13 44
A0 A AS A0 AD—ig 17 =01 0 07 07 07
0o G 0o 0p Op—{9 16— 05 0 [ [ 0
01 o | o o 01— 10 18 =05 05 05 05 o5
0z [ 02 02 02— 11 =04 [ Oa 6. [
GND GND { GND | GND | GND—f12 13p—03 03 03 03 03
NS Package Number J24A-Q TworsaTe?

Note: National’s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C32 pins.
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NMC27C32

Absolute Maximum Ratings (Note 1)

Temperature Under Bias —10°Cto +80°C

Operating Conditions (Note 7) -

Temperature Range

Storage Temperature —65°Cto +125°C NMC27C32-35, NMC27C32-45, oG .
All Input Voitages with . NMC27C32H-45 Oo to + 70°C
Respect to Ground +6.5Vto - 0.3V NMC27C32E-45 —40°Cto.+85°C
All Output Voltages with . Ve Power Supply 5V£5%
Respect to Ground ) Vec+0.3VtoGND - 0.3V
Vpp Supply Voltage with Respect
to Ground During Programming +26.5Vto — 0.3V
Power Dissipation 1.0W
Lead Temperature (Soldering, 10 seconds) 300°C
READ OPERATION ,
DC and Operating Characteristics
Symbol Parameter Conditions Min Typ (Note 2) Max Units
M Input Load Current Viy=Vcc or GND 10 A
Io Output Leakage Current | Vour=Vcecor GND, CE= ViH 10 wA
[ Ve Current (Active) OE=CE=V,_ 2 10 mA
TTL Inputs Inputs =V or Vi, f=1MHz
110=0mA
Iccz Vcc Current (Active) OE=CE=V_ 1 5 mA
CMOS Inputs Inputs = V¢ or GND, f=1 MHz
1/0=0mA
lcesat Vcc Current (Standby) CE=Vy 0.1 1 mA
TTL Inputs
lccsez Ve Current (Standby) | CE=Vec 0.01 0.1 mA
CMOS Inputs
ViL Input Low Voltage -0.1 0.8 Vv
Viu Input High Voltage A 20 Voo + 1 v
Vou Output Low Voltage loL=2.1mA 0.45 \"
VoH1 Output High Voltage lon= — 400 zA 24 \"
Vor2 Output Low Voltage loL=0pA 0.1 Vv
Von2 Output High Voltage loH=0sA Ve - 0.1 \
AC Characteristics
NMC27C32E-45
7 2- »
Symbol Parameter ~ Conditions NMC27C3 ‘ 3 NNMMC(;272(;322H:1455 Units
Min Max Min Max
tacc Address to Output Delay CE=0E=V 350 450 ns
tee CE to Output Delay OE=V,_ 350 450 ns
toe OE to CE=V, ) 150 - 150 ns
Output Delay
tor OE High to CE=V,_ 0 130 0 130 ns
Output Float
tow (Note 3) Output Hold from __ CE=0E=V,_ 0 0 ns
Addresses, CE or OE,
Whichever Occurred First
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Capacitance (Note 3) (Ta = +25°C, f = 1 MHg)

Symbol Parameter Conditions | Typ | Max | Units
Cint Input Capacitance Vin=0V 4 6 pF
Except OE/Vpp
Cinz OE/Vpp Input Vin=0V 20 pF
Capacitance
Cout Output Capacitance | Voyr=0V 8 12 pF
AC Test Conditions
Output Load 1TTLGateandC = 100pF
Input Rise and Fall Times <20ns
Input Puise Levels 0.45Vto2.4V
Timing Measurement Reference Level
Inputs 1Vand2v
Outputs 0.8Vand2v
AC Waveforms

ADDRESSES 8' AD[\)I:EISUSES k

CE {
tce———»
OE
toe (NOTE 4) —{ tor (NOTE 5)
Hi-Z Hi-Z
OUTPUT o VALID OUTPUT )
. F&————1acc (NOTE 4) ——— —* fon [+—

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 func-
tional 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 Tp = +25°C and nominal supply voltages.
Note 3: This parameter is only sampled and is not 100% tested.
Note 4: OE may be delayed up to tacc—tOE after the falling edge of CE without impacting tacC.
Note §: The tpr compare level i3 determined as follows:
High to TRI-STATE, the measured Vo1 (DC) ~0.10V
Low to TRI-STATE, the measured Vpy 1 (DC) +0.10V

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

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that a 0.1 uF ceramic capacitor be used on
every device between Vg and GND.

Note 8: The outputs must be restricted to Vg + 0.3V to avoid latch-up and device damage.
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PROGRAMMING (ote 1)
DC Programming CharacteristiCs (Notes 2 and 3) (Ta = +25°C £5°C, Voo =5V £ 5%, Vpp =25V £ 1V)

NMC27C32

Symbol Parameter ’ Conditions Min Typ Max Units
Iy Input Current (All Inputs) . Vin=Vgc or GND 10 rA
VoL Output Low Voltage During Verify loL=2.1,mA 0.45 \Y
Vou Output High Voltage During Verify loy= —400 A 2.4 Vv
lce Vee Supply Current 2 10 mA
Vi , Input Low Level (All Inputs) . -01 0.8 -V
ViH Input High Level (All Inputs Except OE/Vpp) 20 Veo+1 .V
lpp Vpp Supply Current "1 CE=V,, OE=Vpp 30 mA

AC Programming Characteristics (1, = +25°C £5°C, Voc =5V £ 5%, Vpp =25V = 1V)

Symbol v Parameter Conditions r:wn:l:zn?r?; De\;\i::: J:rcz;f:z'i;ix Units
tas Address Set-Up Time 2 2 : us
toes |OE Set-Up Time 2 2 us
tos Data Set-Up Time 2 2 us
tan Address Hold Time 0 0 s
toen |OE Hold Time 2 2 - us
toy |Data Hold Time 2 2 us
tor Chip Enable to Output Float Delay 0 130 0 130 ns
toy |Data Valid from CE CE=Vy,0E=V)_ 1 . 1 ps
tew | CE Pulse Width During Programming ' 45 50 55 9 10 1 ms
tpRT OE Pulse Rise Time During Programming 50 . 50 ns
tvR Vpp Recovery Time 2 2 us

AC Test Conditions

Vee 5V5% .
Vpp . 25V £ 1V
Input Rise and Fall Times =<20ns
Input Pulse Levels 0.45Vto2.4V
Timing Measurement Reference Level
Inputs 1Vand2v
Outputs 0.8Vandav
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Programming Waveforms (note 3)

¢€J0/2ONN

PROCRAM PROGRAM
i VERIFY
4
ADDRESSES x ADDRESS N
N
ki
A DATA IN STABLE Hi-Z f DATA OUT VALID \
DATA gr ADDN g ADD N
" tps DH tp L tpp(0.13)
(@ *’( l“(2) = =~ I MAX
Vep -
o™
OE/Vpp
togs W

viL (2) (45 0R 9 m |

I——‘Pm | tvR

(0.05) (2)
Vi =
43

viL , Y

TUIDIS2T 44

Note: All times shown in parentheses are minimum and in xs unless otherwise specified.
The input timing reference level is 1V for a V| and 2V for a V.

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 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 pinduring programming is 26V. Care must be taken when switching the Vpp suppty
to prevent overshoot exceeding this 26V maximum specification. A 0.1 xF capacitor Is required across Vpp, Vo to GND to suppress spurious voltage tran-
sients which may damage the device.
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NMC27C32

Functional Description

DEVICE OPERATION

The five 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,
independentofdevice selection. Assumingthat addresses
are stable, address access time (tacc) is equal to the delay
from CE to output (tce). Data is available at the outputs
after the falling edge of OE, assuming that CE has been
low and addresses have been stable for at least tpcc-toe.

Standby Mode
The NMC27C32 has a standby mode which reduces the ac-

. tive power dissipation by 98%, from 26.25 mW to 0.53 mW.

The NMC27C32is 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, independent of
the OE input. ,

Output OR-Tying

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

a) the lowest possible memory power dissipation, and

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

To most efficiently use these two control lines, it is recom-
mended that CE (pin 18) be decoded and used as the
primary device selecting function, while OE (pin 20) be
made a common connection to all devices in the array and
connected to the READ line from the system control bus.
This assures that all deselected memory devices are in
their low power standby modes and that the output pins

_are 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
presented in the data word. The only way to change a “0”
to a “1” is by ultraviolet light erasure.

The NMC27C32 is in the programming mode when the
OE/Vppinput is at 25V. It is required that a0.1 xF capacitor
be placed across OE/Vpp, Ve, and ground to suppress
spurious voltage transients which may damage the de-’
vice. The data to be programmed is applied 8 bits in paral-
lel 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-45), active low, TTL program pulse is
applied to the CE input. A program pulse must be ap-
plied at each address location to be programmed. You
can program any location at any time—either individu-
ally, sequentially, or at random. The program pulse has a
maximum width of 55 ms (11 ms for the NMC27C32H-45).
The NMC27C32 must not be programmed with a DC
signal applied to the CE input.

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

Program Inhibit

Programming multiple NMC27C32s in paraliel with dif-
ferent data is also easily accomplished. Except for CE, all
like inputs (including OF) of the parallel NMC27C32s may
be common. A TTL level program pulse applied to an
NMC27¢32'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 Verity

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.

TABLE I. Mode Selection

Pins éE b_EIVpp' ch Outputs
Mode (18) (20) (24) (8-11,13-17)
Read V"_ VIL 5 DOUT
Standby Vi Don't Care 5 Hi-Z
Program V“__ Vpp 5 DIN
Program Verify Vi Vi 5 Dout
Program Inhibit Viu Vep 5 Hi-Z
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Functional Description (continueq)

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C32 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 3000 A -4000A
range. Data shows that constant exposure to room-level
fluorescent lighting could erase the typical NMC27C32 in
approximately 3years, while it would take approximately 1
week to cause erasure when exposed to direct sunlight. If
the NMC27C32 is to be exposed to these types of lighting
conditions for extended periods of time, opaque labels
should be placed over the NMC27C32 window to prevent
unintentional erasure. Covering the window will also pre-
vent temporary functional failure due to the generation of
photo currents.

The recommended erasure procedure for the NMC27C32
is exposure to shortwave ultraviolet light which has a
wavelength of 2537 Angstroms (A). The integrated dose
(i.e., UV intensity x exposure time) for erasure should be a
minimum of 15W-sec/cm?. The erasure time with this dos-
age is approximately 21 minutes using an ultraviolet lamp
with a 12,000 sW/cm? 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.

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 in-
creases 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 erron-
eously suspected when incomplete 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
designer—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 out-
put capacitance loading of the device. The associated
transient voltage peaks can be suppressed by properly
selected decoupling capacitors. It isrecommended that a
0.1 4F ceramic capacitor be used on every device between
Vce and GND. This should be a high frequency capacitor
of low inherent inductance. In addition, a 4.7 x4F bulk elec-
trolytic capacitor should be used between Vgoc 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 capacitoris to overcome the

. voltage droop caused by the inductive effects of the PC

board traces.
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NMC27C256

National
Semiconductor

NMC27C256

PRELIMINARY

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 experimen-
tation and low power consumption  are important
requirements.

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 into the device by follow-
ing the programming procedure.

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

Features

microCMOS

B Access time down to 200 ns, microCMOS technology

M Low CMOS power consumption

W Compatible to high-speed (8 MHz) microprocessors,

zero wait state

microprocessor

Single 5V power supply .

Fast and reliable programming
Static — no clocks required
TTL compatible inputs/outputs

Two-line control
TRI-STATE® output

Performance compatible to NSC800™ CMOS

CMOS compatible inputs/outputs

Block Diagram

DATA OUTPUTS 0g-07

Voo O—> ~ ~ ~
GND O——b
no— [ERRERAE
OE —»1 OUTPUT ENABLE >
AND CHIP e OUTPUT
Pin Names tE—p| ENABLE LOGIC > BUFFERS
AO-A14 Addresses .
CE Chip Enable :: >
OF Y * Y GATING
OE Output Enable —p} DECODER .
00-07 Outputs "‘t "
PGM Program A0S , —
NC No Connect ADDRESS { — >
INPUTS | —») X * 262,144-BIT
—>] DECODER : CELL MATRIX
N L]
* -l
— >
L —>

TUO/75121
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TABLE I. Mode Selection g

Pins | G2 | OF | vep | veq | OUPUS Q

Mode (20) | (22) | (1) | (28) 15_19)’ 3

Read Vic | Vi | Vec | Vee | Dour N

Output Disable | Vi. | Vin | Voo | Vec | High 2 g;
Standby V4 X Vee | Vee | HighZ
Verify Viu | Vi | Vep | Vec | Dour
Program Inhibit | Vi4 Viu | Vee | Veeo High Z

Note: X can be V), or V.

Connection Diagram

21632 | 21c16 21016 | 27caz
ae | s an | 23
Vpp == 1 28 Vee
a1z —2 27— au4
A7 A7 AT —43 26 f— A13 Vee Vee
A8 A6 a5 —J 4 25}— as A8 A8
As A5 as —{s ub— p A9 A9
A4 A8 A =6 23— an Vep AN
A Y a7 NOCIEES 22p G 0 | OEwe
A2 A2 A2 =18 2] — A10 A0 A0
At Al A1 ——19 20— TE CE CE
A0 A Ap—10 B—0 07 0
0 0o O =11 18 F— 05 05 05
0y 0 0, —f 12 17f—05 05 0s
0; 0, 0 —1" =0 04 04

gD | Gnp | GNO—3 5[ 03 03 03 S

Note: National’s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C256 pins.

NS Package Number J24A-Q
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National
Semiconductor

NMC9306/COP494 256-Bit Serial Electrically Erasable
Programmable Memory

General Description Features

The NMC9306/COP494 is a 256-bit non-volatile sequential M Low cost

access merr!‘)ory fabricated using advanced floating gate M Single supply operation (5V = 10%)
N-cl}annel E“PROM technology. It isa peripheralmemory g 1T compatible

designed for data storage and/or timing and is accessed
via the simple MICROWIRE™ serial interface. The device : X
contains 256 bits of read/write memory divided into 16reg- ™ MICROWIRE compatible serial I/0
Isters of 16 bits each. Each register can be serially reador W Compatible with COP400 processors
written by a COP400 series controller. Written information B Low standby power

Is stored in a floating gate cell with at least 10 years data  m Non-volatile erase and write
retention and can be updated by an erase-write cycle. The
NMC9306/COP494 has been designed to meet applica-
tions requiring up to 1x10* erase/write cycles per
register. Apower down mode reduces power consumption
by 70 percent.

<
=
0
©
w
<]
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0
o
v
5
©
i =Y

B 16 x 16 serial read/write memory

B Reliable floating gate technology

Block and Connection Diagrams

vp  JeEVCC
GENERATOR L Dual-In-Line Package
VPP
v ‘ cs—{1 ~ 8 }—vcc
» E2PROM
» pecooer {32 256 BITS
Con -—* zss IS sK—2 7—nc
IB $6 . Di=—{3. 6 f—NC
ADDRESS aowanes 1T . . Do—4 §—GND
LATCHES < '
M TOP VIEW TLIDI5029-2
A
4 tﬁ FIGURE 2
Order Number NMC9306N
DATA <
] RERISTER . > l\F 00 NS Package Number NOSE
(17 BITS)  CLK | M
]
L] insTRUCTION 2 Pin Names
REGISTER (LK
> (9 BITS) CS  Chip Select
SK Serial Data Clock
] DI Serial Data Input
) DO Serial Data Output
VCC Power Supply
GND Ground
INSTRUCTION .
DECODE,
CONTROL
AND
cs: > CLOCK
~]  GENERATORS
SK >
TLID/5029-1
FIGURE 1
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NMC9306/COP494

Absolute Maximum Ratings

Voltage Relative to GND +6Vto —0.3V Note: Stresses above those listed under “Absolute Maxi-

Ambient Operating Temperature : mum Ratings" may cause permanent damage to the de-
NMC9306/COP494 0°Cto +70°C vice. This is a stress rating only and functional operation
Ambient Storage‘ Temperature : of the device at these or any other conditions above those
with Data Retention —65°C 1o +125°C indicated in the operational sections of this specification

Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics 0°C = TA = 70°C, VCC =5V x 10% unless otherwise specified

is not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

Parameter Conditions Min Typ - Max Units
Operating Voltage (VCC) : 45 ' 55 v
Operating Current (ICC1) VCC=55V,CS=1 . . 10 mA
Standby Current (ICC2) VCC=55V,CS=0 3 mA
Input Voltage Levels ‘

VIiL ) -0.1 : 0.8 \Y
VIH 2.0 VCC+1 \"
Output Voltage Levels _
VoL IOL=2.1mA 0.4 \Y
VOH ) IOH = - 400 zA 24 \Y
Input Leakage Current VIN=5.5V ) 10 rA
Output Leakage Current VOUT =5.5V,CS=0 10 whA
SK Frequency . 0 : 250 kHz
SK Duty Cycle 25 : 75 %
Input Set-Up and Hold Times
CS tcss . 0.2 uns
tosu ' 0 us
o] tDIS 0.4 us
tom . 0.4 us
Output Delay . CL =100 pF
DO  tpp, VOL =0.8V, VOH =2.0V : 2. us
tepo VIL=0.45V, VIH = 2.40V 2 us
Erase/Write Pulse Width (tg,y) 10 30 ms

Note: tg,y measured to rising edge of SK or CS, whichever occurs last.

Instruction Set

Instruction | SB | OpCode Address Data Comments
READ 1 10xx A3A2A1A0 Read register A3A2A1A0
WRITE 1 01xx ~ | A3A2A1A0 | D15-DO | Write register A:iAZMAO
ERASE 1 11xx A3A2A1A0 Erase register A3A2A1A0
EWEN 1 0011 XXXX Erasel/write enable
EWDS 1 0000 | xxxx Eraselwrite disdble
ERAL 1 0010 XXXX Erase all registers
WRAL 1 0001 XXXX D15-D0 | Write all registers

NMC9306/COP494 has 7 instructions as shown. Noje that MSB of any given instruction is a “1” and is viewed
as a start bit in the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of 16,
16-bit registers. .

X Is a don’t care state.

FIGURE 3
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Functional Description

The NMC9306/COP494 is a small peripheral memory in-
tended for use with COPS™ controllers and other non-
volatile memory applications. Its organization is sixteen
registers and each register is sixteen bits wide. The input
and output pins are controlled by separate serial formats.
Six 9-bit instructions can be executed. The instruction for-
mat has a logical ‘1’ as a start bit, four bits as an op code,
and four bits of address. SK clock cycle is necessary after
CS equals logical *“1” before the instruction can be loaded.
The on-chip programming-voltage generator allows the
user to use a single power supply (VCC). Only during the
read mode is the serial output (DO) pin valid. During all
other modes the DO pin is in TRI-STATE®, eliminating bus
contention.

READ

The read instruction is the only instruction which outputs
serial data on the DO pin. After a READ instruction is re-
ceived, the instruction and address are decoded, followed
by data transfer from the memory register into a 16-bit
serial-out shift register. A dummy bit (logical ‘0’) precedes
the 16-bit data output string. The output data changes dur-
ing the high states of the system clock.

ERASE/WRITE ENABLE AND DISABLE

Programming must be preceded once by a programming
enable (EWEN) instruction. Programming remains en-
abled until a programming disable (EWDS) instruction is
executed. The programming disable instruction is pro-
vided to protect against accidental data disturb. Execu-
tion of a READ instruction is independent of both EWEN
and EWDS instructions.

Timing Diagrams

ERASE

Like most E2PROMS, the register must first be erased (all
bits set to 1s) before the register can be written (certain
bits set to 0s). After an ERASE instruction is input, CS is
dropped low. This falling edge of CS determines the start
of programming. The register at the address specified in
the instruction is then set entirely to 1s. When the
erase/write programming time (tg,w) constraint has been
satisfied, CS is brought up for at least one SK period. A
new instruction may then be input, or a low-power standby
state may be achieved by dropping CS low. '

WRITE

The WRITE instruction is followed by 16 bits of data which
are written into the specified address. This register must
havebeen previously erased. Like any programming mode,
erase/write time is determined by the low state of CS fol-
lowing the instruction. The on-chip high voltage section
only generates high voltage during these programming
modes, which prevents spurious programming during other
modes. When CS rises to VIH, the programming cycle
ends. All programming modes should be ended with CS
high for one SK period, or followed by another instruction.

CHIP ERASE

Entire chip erasing is provided for ease of programming.
Erasing the chip means that all registers in the memory
array have each bit set to a 1. Each register is then ready
for a WRITE instruction.

CHIP WRITE

All registers must be erased before a chip write opera-
tion. The chip write cycle is identical to the write cycle,
except for the different op code. All registers are simul-
taneously written with the data pattern specified in the
instruction.

48
SK
——
0.4u 0.4 s
tois tom
b} VALID \
0.2 us tesH
tess 0.0us
[ N
2us 2us
tPoo tp01
VOH
oo \ lvoL

*This is the minimum SK period

TUD/5029-3

FIGURE 4. Synchronous Data Timing
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NMC9306/COP494

9L

(penunuoo) swiesBelq Buwiy

TUDIS5029-4

WRITE cs_/ 4 | \::Em*:/
Dl 1 0 l1 0 o/nz E:X.AnXmst:XDn,\ m

TLD/5029-5

ERASE CS_/ \————?M : .
ol / 1 1 1 \ 0 kﬂl_‘\zx: x A\ /‘ \ y X X x X:

TUDI5029-6
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NMC9306E/COP394

National
Semiconductor

NMC9306E/COP394 256-Bit Serial Electncally Erasable

Programmable Memory

General Description

The NMC9306E/COP494E is a 256-bit non-volatile sequen-
tial access memory fabricated using advanced floating
gate N-channel E2PROM technology. It is a peripheral
memory designed for data storage and/or timing and is ac-
cessed via the simple MICROWIRE™ serial interface. The
device contains 256 bits of read/write memory divided into
16 registers of 16 bits each. Each register can be serially

read or written by a COP400 series controller. Written infor- |

mation is stored in a floating gate cell with at least
10 years data retention and can be updated by an erase-
write cycle. The NMC9306E/COP494E has been designed
to meet applications requiring up to 1x 10* erase/write
cycles per register. A power down mode reduces power
consumpticn by 70 percent.

Features

B |ow cost

B Single supply operation (5V + 10%)
B TTL compatible

W 16 X 16 serial read/write memory

B MICROWIRE compatible serial 10

M Compatible with COP400 processors
B | ow standby power

B Non-volatile erase and write

W Reliable floating gate technology

Block and Connection Diagrams

- we  fe—vee
o] GEneRATOR |
VPP Dual-In-Line Package
h 4
N pr— cs—1 (O 8 —vce
| PECORER = 256 BITS
—] 1 {16x16) sk 2 7h—ne
1
|° 15 ‘n—{3 6 —Ne
]
s wwanes | oo—|4 s}—a
+ t TOP VIEW TUD/5159-2
4 16
FIGURE 2
DATA <
REGSTER | :?—nu Order Number NMC9306NE
(17BITS) CLKj< NS Package Number NOSE
0l
L INSTRUCTION )
REGISTER (1K
138175) Pin Names )
9 CS  Chip Select
SK  Serial Data Clock
Di Serial Data Input
DO  Serial Data Output
msméyocmu VCC Power Supply
DECODE,
CONTROL GND Ground
AND
s > CLOCK
|  cenerators
sK >
TUD/51591
FIGURE 1
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Absolute Maximum Ratings

Voltage Relative to GND

Ambient Operating Temperature

NMC9306E/COP494E

Ambient Storage Temperature
with Data Retention

Lead Temperature (Soldering, 10 seconds)

+6Vto - 0.3V

Note: Stresses above those listed under “Absolute Maxi-

~ mum Ratings” may cause permanent damage to the de-

—40°Cto +85°C

-65°Cto +125°C
300°C

vice. 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 notimplied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device rehabzlny

Electrical Characteristics -40°c < 7TA = +85°C, VCC =5V £ 10% unless otherwise specified

Parameter Conditions Min Typ Max Units
Operating Voltage (VCC) 4.5 . 5.5 v
Operating Current (ICC1) VCC=55V,CS=1 10 mA .
Standby Current (ICC2) VCC=5.5V,CS=0 3 mA
Input Voltage Levels

VIL -0.1 0.8
ViH 20 VCC+1 \
Output Voltage Levels
VOL IOL=2.1mA 04 \
VOH IOH = - 400 A 24 \'
Input Leakage Current VIN =5.5V 10 nA
Output Leakage Current VOUT =5.5V,CS=0 10 uA
SK Frequency 0 250 kHz
SK Duty Cycle 25 75 %
Input Set-Up and Hold Times
CS tess 0.2 ]
tesh ] us
DI tois 0.4 us
to 0.4 us
Output Delay CL =100 pF
DO tppy VOL =0.8V, VOH =20V 2 us
tppo VIL=0.45V, VIH =2.40V 2 us
Erase/Write Pulse Width (tgw) 10 30 ms
Note: tgy measured to rising edge of SK or CS, whichever occurs last.
Instruction Set
Instruction | SB | OpCode | Address Data Comments
- READ 1 10xx A3A2A1A0 o Read register ABA2A1A0
WRITE 1 01xx A3A2A1A0 | D15-D0O | Write register ASA2A1A0
ERASE 1 11xx A3A2A1A0 Erase register ASA2A1A0
EWEN . 1 0011 XXXX Erase/write enable
EWDS 1 0000 XXXX Erase/write disable
ERAL 1 0010 XXXX Erase all registers
WRAL 1 0001 XXXX D15-D0 | Write all registers

NMC9306E/COP494E has 7 Instructions as shown. Note that MSB of any given instruction is a “1” and is
viewed as a start bit in the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of

16, 16-bit registers.

X Is a don't care state.

FIGURE 3
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NMC9306E/COP394

Functional Description

The NMCO306E/COP494E is a small peripheral memory in-
tended for use with COPS™ controllers and: other non-
volatile memory applications. Its organization is sixteen

registers and each register is sixteen bits wide. The input -

and output pins are controlled by separate serial formats.
Six 9-bit instructions can be executed. The instruction for-
mat has a logical ‘1’ as a start bit, four bits as an op code,
and four bits of address. SK clock cycle is necessary after
CSequals logical “1” before the instruction can be loaded.
The on-chip programming-voltage generator allows the
user to use a single power supply {VCC). Only during the
read mode is the serial output (DO) pin valid. During all
other modes the DO pin is in TRI-STATE?®, eliminating bus
contention.

READ

The read instruction is the only instruction which outputs
serial data on the DO pin. After a READ instruction is re-
ceived, the instruction and address are decoded, followed
by data transfer from the memory register into a 16-bit
serial-out shift register. A dummy bit (logical ‘0’) precedes
the 16-bit data output string. The output data changes dur-
ing the high states of the system clock.

ERASE/WRITE ENABLE AND DISABLE

Programming must be preceded once by a programming
enable (EWEN) instruction. Programming remains en-
abled until a programming disable (EWDS) instruction is
executed. The programming disable instruction is pro-
vided to protect against accidental data disturb. Execu-
tion of a READ instruction is independent of both EWEN
and EWDS instructions.

Timing Diagrams

ERASE

Like most E2PROMS, the register must first be erased (ail
bits set to 1s) before the register can be written (certain
bits set to 0s). After an ERASE instruction is input, CS is
dropped low. This falling edge of CS determines the start
of programming. The register at the address specified in
the instruction is then set entirely to 1s. When the
erase/write programming time (tgw) constraint has been
satisfied, CS is brought up for at least one SK period. A -
new instruction may then be input, or a low-power standby
state may be achieved by dropping CS low.

" WRITE

The WRITE instruction is followed by 16 bits of data which
are written into the specified address. This register must
have been previously erased. Like any programming mode,
erase/write time is determined by the low state of CS fol-
lowing the instruction. The on-chip high voltage section
only generates high voltage during these programming
modes, which prevents spurious programming during other
modes. When CS rises to ViIH, the programming cycle
ends. All programming modes should be ended with CS
high for one SK period, or followed by another instruction.

CHIP ERASE

Entire chip erasing is provided for ease of programming.
Erasing the chip means that all registers in the memory
array have each bit set to a 1. Each register is then ready
for a WRITE instruction. ‘

CHIP WRITE

" All registers must be erased before a chip write opera-

tion. The chip write cycle is identical to the write cycle,
except for the different op code. All registers are simul-
taneously written with the data pattern specified in the
instruction. '

4ps*
K
————
0.4, 0.4us
tois o
D VALID \
0.2, tosh
tcss 0.0 us
cs
28 2ps
. ) tpoo L]
\ VOH
oo VoL
TUD/5159-3

*This Is the minimum SK period

FIGURE 4. Synchronous Data Timing
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National
Semiconductor

NMC9346/COP495 1024-Bit Serial Electrically Erasable
Programmable Memory (5V Only)

General Description

The NMC9346/COP495 is a 1024-bit non-volatile, sequential
E?PROM, fabricated using advanced N-channel E°PROM
technology. It is an external memory with the 1024 bits of
read/write memory divided into 64 registers of 16 bits each.
Each register can be serially read or written by a COP400
controller, or a standard microprocessor. Written informa-
tionis storedin a floating gate cell until updated by an erase
and write cycle. The NMC9346/COP495 has been designed
for applications requiring up to 10* eraselwrite cycles per
register. A power-down mode is provided by CS to reduce
power consumption by 75 percent.

Features

B L ow cost

B Single supply read/write/erase operations (5V + 10%)
B TTL compatible

B 64 x 16 serial read/write memory

® MICROWIRE™ compatible serial 1/0

B Simple interfacing

B | ow standby power

B Non-volatile erase and write

B Reliable floating gate technology

W Self-timed programming cycle

B Device status signal during programming

BIoCk and Connection Diagrams

Serial EZPROM

VO e
GND ==
Vor Dual-In-Line Package
of 7 [T oenenaron )
Vie [\TJ" CS i 1 8 p—Vcc
L l z SK—{ 2 7f—Ne
> PROM
DE,C,"BDf" 1024 BITS
B (64x16) 0—3 6 F—NC
16 00— 4 § p— GND
12
ADD TOP VIEW TLIDI5497-2
R/W AMPS
BUFFERS + Order Number NMC9346N
r NS Package Number NOSE
Ts 16
OATA REGISTER  [¢ R
> rens) P '{>— oo Pin Names
ol 2 CSs Chip Select
SK Serial Data Clock
] NSTRECTIN ] e DI Serial Data Input
—>] (9 BITS) z DO Serial Data Output
& Vee Power Supply
GND Ground
— NC Not Connected
INSTRUCTION
DECODE,
CONTROL,
AND CLOCK
cs »{  GENERATOR
K >
TLID/5487-1
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- Absolute Maximum Ratings (Note 1)

Voltage Relative to GND +6Vto —0.3V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature -65°Cto +125°C
Lead Temperature (Soldering, 10 seconds) ) 300°C

DC and AC Electrical Characteristics 0°c <7, <70°C, Veg=5V = 10% unless specified

NMC9346/COP495

Symbol Parameter Conditions Min Max Units

Vee Operating Voltage 45 55 v

lcet Operating Current Vee=5.5V,CS=1,5K=1 12 mA
Erase/Write Operating Current Ve =5.5V 12 mA

" leez Standby Current Vec=5.5V,CS=0 3 mA

Input Voltage Levels

V||_ ) —‘0.1 0.8 \Y

Vin 20 Voo +1 v

' Output Voltage Levels )

VoL loL=2.1mA 0.4 \

Vou lo= —400 pA 24 \"

lu Input Leakage Current Vin=5.5V 10 pA

Lo Output Leakage Current Vour=5.5V,CS=0 - 10 sA
SK Frequency , 0 250 kHz
SK Duty Cycle 25 75 %
Inputs

tCSS CS 0.2 1S

tesH 0 s

tDIS DI ) 0.4 us

toiH . 0.4 nS

, Output C_ =100 pF

tpal DO VoL=0.8V, Voy =20V 2 us

tpdo VlL =0.45V, VIH =240V 2 ns

tew Self-Timed Program 10 ms
Cycle

tcs Min CS Low Time 1 ns

tsv Rising Edge of CS to C_ =100 pF ) 1 us
Status Valid ‘

ton, tin Falling Edge of CS 04 us
to DO TRI-STATE®

Note 1: Stress above those listed under “Absolute Maximum Ratings” may cause permanent damagetothedeviée. Thisis a stress rating only and functional
operation of the device at these or any other conditions above those Indicated in the operational sections of the specification is not implied. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

Instruction Set for NMC9346/COP495

Instruction | SB | Op Code Address Data ‘Comments
READ 1 10 A5A4A3A2A1A0 Read register ASA4A3A2A1A0
WRITE 1 01 AS5A4A3A2A1A0 | D15-DO| Write register ASA4A3A2A1AQ
ERASE 1 11 A5A4A3A2A1A0 Erase register AGA4A3A2A1A0
EWEN 1 00 11xxxX Erasel/write enable
EWDS 1 0o 00xxxx Erase/write disable
ERAL 1 00 10xxXX Erase all registers
WRAL 1 00 01xxxx D15-D0| Write all registers

NMC9346/COP435 has 7 instructions as shown. Note that the MSB of any given instruction is a “1” and is viewed as
a start bit in the interface sequence. The next 8 bits carry the op code and the 6-bit address for 1 of 64, 16-bit
registers. :

7-14




Functional Description

The NMC9346/COP495 is a small peripheral memory in-
tended for use with COPS™ controllers and other non-
volatile memory applications. Its organization is sixty-four
registers and each register is sixteen bits wide. The input
and output pins are controlled by separate serial formats.
Six 9-bit instructions can be executed. The instruction for-
mat has a logical ‘1’ as a start bit, two bits as an op code,
and six bits of address. The programming cycle is seif-
timed, with the data out (DO) pin Indicating the ready/busy
status of the chip. The on-chip programming voltage gen-
erator allows the user to use a single power supply (V). It
only generates high voltage during the programming
modes (write, erase, chip erase, chip write) to prevent
spurious programming during other modes. The DO pinis
valid as data out during the read mode, and if initiated, as
a ready/busy status indicator during a programming cy-
cle. During all other modes the DO pin is in TRI-STATE,
eliminating bus contention.

READ

The read instruction is the only instruction which outputs
serial data on the DO pin. After a read instruction is re-
ceived, the instruction and address are decoded, followed
by data transfer from the memory register into a 16-bit
serial-out shift register. A dummy bit (logical ‘0’) precedes
the 16-bit data output string. The output data changes dur-
ing the high states of the system clock.

ERASE/WRITE ENABLE AND DISABLE

When V¢ is applied to the part it powers up in the pro-
gramming disable (EWDS) state, programming must be
preceded by a programming enable (EWEN) Instruction.
Programming remains enabled until a programming dis-
able (EWDS) instruction is executed or V¢ is removed
from the part. The programming disable instruction is pro-
vided to protect against accidental data disturb. Execu-
tion of a read instruction is independent of both EWEN
and EWDS instructions.

ERASE

Like most E2PROMSs, the register must first be erased (alt
bits set to logical ‘1) before the register can be written

Timing Diagrams

(certain bits set to logical ‘0'). After an erase instruction is
input, CS is dropped low. This falling edge of CS deter-
mines the start of the self-timed programming cycle. If CS
is brought high subsequently (after observing the tcs
specification), the DO pin will indicate the ready/busy
status of the chip. The DO pin will go low if the chip is still
programming. The DO pin will go high when all bits of the
register at the address specified in the instruction have
been set to a logical ‘1'. The part is now ready for the next
instruction sequence.

WRITE

The write instruction is followed by 16 bits of data to be
written into the specified address. Afterthe last bit of data
(DO) is put on the data in (D!) pin CS must be brought low
before the next rising edge of the SK clock. This falling
edge of CS initiates the self-timed programming cycle.
Like all programming modes, DO indicates the ready/busy
status of the chip if CS is brought high after a minimum of
1 us (tcs). DO =logical ‘0’ indicates that programming is
still in progress. DO =logical ‘1’ indicates that the register
at the address specified in the instruction has been writ-
ten with the data pattern specified in the instruction and
the part is ready for another instruction. The register to be
written into-must have been previously erased.

CHIP ERASE

Entire chip erasing is provided for ease of programming.
Erasing the chip means that all registersin the memory ar-
ray have each bit set to a logical ‘1". Each register is then
ready for a write instruction. The chip erase cycle is iden-
tical to the erase cycle except for the different op code.

CHIP WRITE

All registers must be erased before a chip write operation.
The chip write cycle is identical to the write cycle except
for the different op code. All registers are simultaneously
written with the data pattern specified in the instruction.

Note 1: CS must be brought low for aminimumof 1 us (tcg) between con-
secutive instruction cycles.

Note 2: During a programming mode (write, erase, chip erase, chip write),
SK clock Is only needed while the actual instruction, i.e., start bit, op
code, address and data, s being input. It can remain deactivated during
the self-timed programming cycle and status check.

Synchronous Data Timing

4us*
Vin
SK
i
tois | tom fom__|
0.4 s 04pus 04us
X EC
Dt
ViL
tcss — tesH
0.2 s 0.4 us 0.0 us
Vin (
cs 7
ViL
troo _| I‘_ tent
28 e 28
Vo
Do \ /

*This is the minimum SK period.
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NMC9346/COP495
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Instruction Timing
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/
National
Semiconductor

NMC9346E/COP395 1024-Bit Serial Electrically Erasable
Programmable Memory (5V Only)

General Description

The NM09346EICOP395 is a 1024-bit non-volatile, sequen-
tial E2PROM, fabricated using advanced N-channel
EZPROM technology It is an external memory with the
1024 bits of read/write memory divided into 64 registers of
16 bits each. Each register can be serially read or written by
a COP400 cantroller, or a standard microprocessor. Written
information is stored in a floating gate cell until updated by
an erase and write cycle. The NMC9346E/COP395 has been
designed for applications requiring up to 10* eraselwrite
cycles perregister. A power-down mode is provided by CS to

‘reduce power consumption by 75 percent.

Features

B Low cost 2

B Single supply read/write/erase operations (5V x 10%)
® TTL compatible ’

B 64 x 16 serial read/write memory

B MICROWIRE™ compatible serial 1/0

B Simple interfacing

B Low standby power

8 Non-volatile erase and write

W Reliable floating gate technology

B Seiftimed programming cycle -

B Device status signal during programming

Block and Connection Diagrams
Serial EZPROM

-
GND =
. . Vor ~
Vee/Vp e — ] + :
o 7 . GENERATOR Dualin-Line Package
- fvie Vep
2 L 2 Cs—11 U 8 p—Vcc
> E2PROM
>l DEcooER
: 1024 BITS i) .
- 168 q (B416) SK ] 2 7}—ne
‘ T Iﬁ ‘ o—{3 6 —yc
12 .
N p0—4 5 f—— GND
su:ggns R/W AMPS ' ‘
: . - TOP VIEW TLDI55822
'S . .
6 16 Order Number NMC9346NE
NS Package Number NOSE
DATA REGISTER .
(17 BITS) YL ,{}-—uo
o : : Pin Names
. Cs Chip Select
L] INsTRUCTION :
. REGISTER C;'K SK Serial Data Clock
iy Gk DI Serial Data Input
3 DO Serial Data Output
Vee Power Supply
] GND  Ground
INSTRUCTION NC Not Connected
DECODE,
CONTROL,
AND CLOCK
cs >  GENERATOR
K ;

TLIDIS582-1

718




Absolute Maximum \Ratings (Note 1)

Voitage Relativeto GND | +6Vto —-0.3V. . Ambient Storage Temperature
Ambient Operating Temperature with Data Retention -65°Cto +125°C
NMC9346E/COP395 - —40°Cto +85°C Lead Temperature (Soldering, 10 seconds) 300°C.

DC and AC Electrical Characteristics - 40°c-7,s85°C, Voo=5V + 10% unless specified
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Symbol Parameter Conditions Min Max Units

Vee Operating Voltage 45 5.5 v

lect Operating Current Voe=5.5V,C5=1,8K=1 12 mA
P/E Operating Current Veo=5.5V 12 mA

lcc2 Standby Current Vog=5.5V,CS=0 ' 3 © mA
Input Voltage Levels . '

Vi T -0.1 0.8 v

Viu - ' 20 Veg+1 v
Output Voltage Levels )

Voo loL=2.1mA 0.4 v

Vo lon= —400 zA 24 - v

I} Input Leakage Current Vin=5.5V ; 10 A

o Output Leakage Current Vour=5.5V,CS=0 10 A
SK Frequency ’ 0 250 kHz
SK Duty Cycle 25 75 %
Inputs '

tcss Cs 0.2 us

tcsh - 0 . _ #s

tDlS DI 0.4 1S

ton ’ 0.4 us
Output - Cp=100pF

tpd1 DO VOL =0.8V, Vo =20V 2 ps

tpd0 Vi =0.45V, V| = 2.40V 2 us

tew Self-Timed Program ' 10 ms
Cycle .

tcs Min CS Low Time 1. s

tsv Rising Edge of CS to Cp=100 pF 1 1S
Status Valid

tons t1H Falling Edge of CS 0.4 us
to DO TRI-STATE®

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 opera-
tion of the device at these or any other conditions above those indicated in the operational sections of the specification is not implied. Exposure to absotute maximum
rating conditions for extended periods may affect device reliability.

Instruction Set for NMC9346E/COP395

Instruction | SB | Op Code Address Data Comments
READ 1 10 ASA4A3A2A1A0 Read register ASA4A3A2A1A0
WRITE 1 01 ASA4A3A2A1A0 | D15-D0O| Write register ASA4A3A2A1A0
ERASE 1 11 ASA4A3A2A1A0 Erase register ASA4A3A2A1A0
EWEN 1 00 11xxxX Erase/write enable
EWDS 1 00 00xxxX Erase/write disable
ERAL 1 00 10xxxX Erase all registers

NMC9346E/COP395 has 6 instructions as shown. Note that the MSB of any given instruction is a “1” and is viewed
as a start bit in the interface sequence. The next 8 bits carry the op code and the 6-bit address for 1 of 64, 16-bit
registers.
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NMC9346E/COP395

Functional Description
The NMCO346E/COP395 is a small peripheral. memory in-

~tended for-use with COPS™ controllers and.other non-

volatile memory applications. Its organization is sixty-four
registers and each register is sixteen bits wide. The input
and output pins are controlled by separate serial formats.

Six 9-bit instructions can be executed. The instruction for- .

mat has a logical ‘1’ as a statt bit, two bits as an op cods,

and six bits of address. The programming cycle is self-

timed, with the data.out (DO) pin indicating the ready/busy
status of the chip. The on-chip programming voltage gen-
erator allows the user to use a single power supply (V¢c). It
only generates high voltage during the programming
modes (write, erase, chip erase) to prevent spurious pro-
gramming during other modes. The DO pin is valid as data
out during the read mode, and if initiated, as a ready/busy’
status indicator during a programming cycle. During all
other modes the DO pin Is in TRI-STATE, ellmlnating bus
contention

READ

The read instruction is the only instruction which outputs
serial data on the DO pin. After a read instruction is re-
ceived, the instruction and address are decoded, followed
by data transfer from the memory register into a 16-bit
serial-out shift register. A dummy bit (logical ‘0’) precedes
the 16-bit data output string. The output data changes dur-
ing the high states of the system ¢lock.

ERASEIWRITE ENABLE AND DISABLE

When V¢ is applied to the part:it powers up in the pro-
gramming disable (EWDS) state, programming must be
preceded by a programming enable (EWEN) instruction.
Programming remains enabled until a programming dis-
able (EWDS) instruction is executed or V¢c is removed
from the part. The programming disable instruction is pro-
vided to protect against accidental data disturb. Execu-
tion of a read instruction is independent of both EWEN
‘and EWDS instructions.

Timing Diagrams

4;_4”*—‘>

ERASE

Like most E2PROMs, the register must first be erased (all
bits set to logical ‘1') before the register can be written
(certain bits set to logical ‘0’). After an erase instruction is
input, CS is dropped low. This falling edge of CS deter-
mines the start of the self-timed programming cycle. If CS
Is brought high subsequently (after observing the tcg
specification), the DO pin will indicate the ready/busy
status of the chip. The DO pin will go low if the chip is still -

-programming. The DO pin will go high when all bits of the

register at the address specified in the instruction have
been set to a logical ‘1". The part is now ready for the next
instruction sequénce.

WRITE.

The write instruction is followed by 16 bits of data to be
written into the specified address. After the ast bit of data
(DO0) is put on the data in (DI) pin CS must be brought low
before the next rising edge of the SK clock. This falling
edge of CS initiates the self-timed programming cycle.
Like all programming modes, DO indicates the ready/busy
status of the chip if CS is brought high after a minimum of
148 (tcs). DO = logical ‘0’ indicates that programming is .
stillin progress. DO = logical ‘1’ indicates that the register
at the address specified in the instruction has been writ-
ten with the data pattern specified in the instruction and
the part is ready for another instruction. The register to be
written into must have been previously erased.

CHIP ERASE

Entire chip erasing is provided for ease of programming.
Erasing the chip means that all registers in the memory ar- -
ray have each bit set to a logical ‘1. Each register is then

- ready for-a write instruction. The chip erase cycle is iden-

tical to the erase cycle except for the different op code.

Note 1: CS must be brought low fora mmlrnum of1 us (tcg) between con-
secutive instruction cycles.

Note 2: During a programming mode {write, erase, chip erase), SK clock
is only needed while the actual instruction, i.e., start bit, op code, address
and data, is being input. It can remain deactivated during the self-timed
programming cycle and status check.

Synchronous Data Timing

K

' C8

*This is the minimum SK period.

TL/DI5582-3
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National
Semiconductor

NMC2816 16k (2k x 8) Electrically Erasable PROM

Max Access/Current NMC2816-25 NMC2816-35 NMC2816-45
Max Access Time (ns) 250 350 450
Max Active Current (mA) 110 110 110
Max Standby Current (mA) 50 50 50

General Description

The NMC2816 is a 16,384-bit electrically erasable and pro-
grammable read-only memory (EszOM) fabricated using
National's high speed, low power, N-channel double sili-
con gate technology. The electrical erase/write capability
ofthe NMC2816 makes itideal for a wide variety of applica-
tions requiring in-system, non-volatile erase and write.

The device operates from a 5V power supply in the read
mode and, with its very fast read access speed, is
compatible with high performance microprocessors.

The NMC2816 is deselected when pin 18 is high and is
automatically placed in the standby mode. This mode pro-
vides a 52% reduction inpower with noincrease in access
time. The NMC2816 aiso has an output enable control to
eliminate bus contention in a system environment.

The NMC2816 can be easily erased and reprogrammedin a
byte-by-byte mode and the entire memory array erasedina
chip erase mode. Byte erase mode is identical to byte
write mode, with all data inputs at logic ones (TTL high).

Features

B 2048 x 8 organization

B Fully static

B Reliable floating gate technology

M Very fast access time
250 ns max (NMC2816-25)
350 ns max (NMC2816-35)
450 ns max (NMC2816-45)
B Single byte erase/write capability
B 10 ms byte erase/write time
B Chip erase time of 10 ms
W Conforms to JEDEC byte-wide family standard
B Microprocessor compatible architecture
B | qw power dissipation
610 mW max (active power ICC + IPP)
295 mW max (standby power ICC + IPP)

Block and Connection Diagrams

Dual-in-Line Package

DATA INPUTS/OUTPUTS 1 2
vee ) lo/00-47/07 . A7 — U — vCe
= T
p
— s 12 po
E—  PEwLE INpuT/ . a
T —f AND E/W LOGIC oUTPUT A4— — vpp
BUFFERS 5 »
A3— b— OF
_
— Y . ¥ GATING Az—ﬂ NMC2816 L
— DECODER . E2PROM
7 18 —
pu— At —1 b= CE
Ag-po | | [] 17
ADDRESS § —_| A= — 11/07
INPUTS ry g 16
— X 16,384-BIT 1 __l AL
— DECODER : CELL MATRIX 0/00 s l6/0s
: . 11704 -21 —15/0s
[ ]
] 12/02 21 ' 100
TUD75131 GND ﬁ 13 s/0
FIGURE 1
Pin Names TOP VIEW TUOSIR2
A0-A10  Addresses 0p-07 Data Outputs FIGURE 2
CE Chip Enable lo-17 Data Inputs Order Number NMC2816J
OE Output Enable VPP Program Voltage NS Package Number J24A
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NMC2816

Absolute Maximum Ratings

Temperature Under Bias

Storage Temperature

Allinput or Output Voltages with
Respect to Ground

VPP Supply Voltage with Respect
to Ground During Program

Maximum Duration of VPP Supply at 22V
During E/W Inhibit

Maximum Duration of VPP Supply at 22V

-10°Cto +80°C
- 65°Cto +125°C

+6Vto —0.3V

+22.5Vto - 0.3V

24 Hrs

15ms

During Write/Erase Programming (Note 2)

Lead Temperature (Soldering, 10 seconds)

300°C

Operating Conditions

Temperature Range
VCC Power Supply (Notes 2and 3)

0°Cto +70°C

5V+5%

Note: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This isastress rating only and 1unétlonal
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 ab-
solute maximum rating conditions for extended periods may affect device reliability.

DC Electrical Characteristics ta=0°C to 70°C, VCC =5V + 5% (Notes 2 and 3)

Symbol Parameter ‘ Conditions Min (NB’: 1) Max Units
READ OPERATION
1Lt Input Leakage Current VIN =5.25V 10 A
ILO Output Leakage Current | VOUT =5.25V 10 rA
ICC2 | VCC Current (Active) |OE=CE=VIL 50 ~ 110 mA
ICC1 . | VCC Current (Standby) CE=VIH 10 50 mA
IPP(R) | VPP Current (Read) VPP =6V, CE=VIH or VIL 1 5 mA
VIL Input Low Voltage =041 0.8 \
VIH Input High Voltage 20 VCC +1 \"
voL Output Low Voltage IOL=2.1mA 0.45 v
VOH Output High Voltage IOH = - 400 zA 2.4 \Y
VPP Read Voltage 4 6 v
WRITE OPERATION
VPP Write/Erase Voltage 20 21 22 v
IPP(W) | VPP Current (Write/Erase) | OE = VIH, CE = VIL, VPP = 22V 6 15 mA
VOE | OE Voltage (Chip Erase) |IOE=<10 A 9 15 v
IPP(l) VPP Current (Inhibit) CE=VIH, VPP =22V 2 mA
IPP(C) | VPP Current (Chip Erase) | OE =VOE, CE=VIL, VPP =22V mA
Capacitance 1a=25°c, f=1MHz (Note 1)
Symbol Parameter Conditions Min Typ Max Units
e : (Note 1)
CIN Input Capacitance VIN =0V 5 10 pF
CouT Output Capacitance VOUT =0V 10 pF
cvee VCC Capacitance OE=CE=VIH 500 pF
CVPP VPP Capacitance OE=CE=VIH 50 pF
AC Test Conditions
Output Load 1TTLgateand CL =100 pF

Input Pulse Levels

Timing Measurement Reference Level
Input
Output

0.45Vt02.4V

1Vand2v
0.8Vand2Vv
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Read Mode AC Electrical Characteristics Ta=0°c to 70°C, vcC =5V +5% (Notes 2and 3)

NMC2816-25 NMC2816-35 NMC2816-45
Symbol Parameter Conditions Min (N‘gz ) Max | Min (N'gz ) Max | Min (N'gz ) Max Units
tacc |Address toOutput | CE=0E=VIL 250 350 450 | ns
Delay
tce |CE to Output Delay | OE=VIL 250 350 450 | ns
toe |Output Enabie to CE=VIL 10 100 10 120 10 120 ns
Output Delay
tpr [Output Disableto | CE=OE=VIL| 0 80 0 80 0 100 | ns
Output Float (Note 9)
ton [Output Hold from CE=0E=VIL 0 0 0 ns
Addresses, CE or OE
Whichever Occurred
First
Switching Time Waveforms (note 5) Read
~
ADDRESSES X ADDRESSES VALID 7K; .
T /a
e
S R .
(NOYE‘“:]"“' ND
OUTPUT
TUD/7513-3
Write Mode AC Electrical Characteristics ta=0°c to 70°c, veC =5v = 5% (Notes 2 and 3)
Symbol Parameter Conditions Min Typ (Note 1) Max Units
tas Address Set-Up Time 150 ns
tAn Address Hold Time 50 ns
tcs | CE to VPP Set-Up Time 150 ns
tps | Data Set-Up Time OE=VIH 0 ns
ton Data Hold Time OE=VIH 50 ns
twe Write Pulse Width (Note 4) 9 10 15 ms-
twr Write Recovery Time 50 ns
tos Chip Clear Set-Up Time 0 ns
ton Chip Clear Hold Time 4] ns
tprc | VPP RC Time Constant 450 600 750 us
tper | VPP Fall Time (Note 5) 100 us
taog | Byte Erase/Write Set-Up Time (Note 12) 0 ns
taon | Byte Erase/Write Hold Time (Note 12) 0 ns
tcw | Chip Enable High Time 1 us

Note 1: This parameter is only sampled and not 100% tested.

Note 2: To prevent spurious device erasure or write, VCC must be applied simultaneously or before 21V application of VPP. VPP cannot be driven to 21V
without previously applying VCC.

Note 3: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to the device it must not be
inserted into or removed from a board with power applied.

Note 4: Adherence to tyyp specification is important to device reliability.
Note 5: To allow immediate read verify capability, VPP can be driven low in less than 50 ns.
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NMC2816

Switching Time Waveforms (note 6) :

Byte Erase and Byte Write Programming Cycle (Notes 7 and 12)

VIH

[ LR Y SR S . DO, WP —

NOTE 13,
viL { )

VIH

ADORESS s — ety —
viL - ~/

M

VI
DATA IN - 1ps ——> <+ ton ——]

viL

ViH

_ /f
1805 e tggH —]
[ " ) /4— NOTE 12) ] 180K \

] terc wrr_ |
. NOTI
av.2v I:(NUTE 10) (NOTE 5)
PP
av-sv : . -
twe TUDI7513-4
Chip Erase (Note 11)
— ey r7 (NOTE 5)
|¢gw twp———— =t | I'——lwn
VPP
(4V-6V)
S p—————— o o S
s ton TUD75135

Note 8: All times shown in parentheses are minimum times and are ns unless otherwise specified.

Note 7: Prior to a data write, an erase operation must be pevformed For byte erase, data in = VIH, and for chip erase, data in =don’t care.
Note 8: OE may be delayed up to 230 ns after falling edge of CE. wuthout impact on tcg for NMC2816-35.

Note 9: tpF is specitied from OE or CE, whichever occurs first.

Note 10: The rising edge of VPP must follow an exponential waveform. That waveform's time constant is specnﬂed as tpRc-

Note 11: In the chip erase mode DIN =don't care.

Note 12: In byte erase or write mode, OE must be at VIH (logic 1 state).

Note13: CE=VIH places the chipin alow power standby condition and must be applied for a minimum time of tc4 before the start of any byte pro-
gramming cycle.

Device Operation ) TABLE I. Mode Selection Vec=5V +10%

The NMC2816 has six modes of operation,-lis{ed inTablel. — —

All operational modes are designed to provide maximum Pin ) CE - OE vep Inputs/
A e : Mode (18) (20) (21) Outputs

microprocessor compatibility and system consistency.

The device pinout is a part of the JEDEC approved byte- Read VIL -ViL 4V to 6V DouT

wide non-volatile memory family, allowing appropriate Standby VIH Don't Care | 4V to6V Hi-Z

and cost-effective density and functionality upgrades. Byte Erase VIL VIH 20V to 22V | DIN =VIH

All control inputs are TTL compatible with the exception Byt.e Write ViL VIH 20V to 22V, DIN

of chip erase. The VPP voltage must be pulsed to 21V dur- Chip E1rase VIL 9Vio 15V | 20Vto22v| . D[N =

ing write and erase, and held at 5V during the other two {Note 1.) . Dont'Care

modes. E/W Inhibit VIH Don’t Care | 4V to 22V Hi-Z
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Device Operation (continued)
READ MODE

Both CE and OE must be at logic low levels to obtain infor-
mation from the device. Chip enable (CE) is the power con-
trol pin and could be used for device selection. The output
enable (OE) pin serves to gate internal data to the output
pins. Assuming that the address inputs are stable, ad-
dress access time (tacc) is equal to the delay from CE to
output (tgg). Data is available at the outputs after a time
delay of tgg, assuming that CE has been low and ad-
dresses have been stable for at least {5cc~tgE.

CHIP ERASE MODE

Should one wish to erase the entire NMC2816 array at
once, the device offers a chip erase function. When the
chip erase function is performed, all 2k bytes are returned
to a logic 1 (FF) state.

The NMC2816’s chip erase function is engaged when the
output enable (OE) pin is raised above 9V. When OE is
greater than 9V and CE and VPP are in the normal write
mode, the entire array is erased. This chip erase function
takes approximately 10 ms. The data input pins are don't
care during this time to allow for ease in chip erase.
Figure 3 is an example for an OE control switch.

VPP PULSE

The shape of the VPP pulse is important in ensuring long
term reliability and operating characteristics. VPP must

(ﬁ

rise to 21V through an RC waveform (exponential). The
tppc specification has been designed to accommodate
changes of RC due to temperature variations.

Figure 4 shows an example for a VPP switch design,
useful where programming will occur over the specified
temperature and operating voltage conditions.

WRITE MODE

The NMC2816 is erased and reprogrammed electrically
rather than optically, as opposed to EFROMs which re-
quire UV light. The device offers dramatic flexibility
because both byte (single location) and chip erase are
possible.

To write a particular location, that byte must be erased
prior to a data write. Erasing is accomplished by applying
logic 1(TTL high) inputs to all 8 data input pins, lowering
CE, and applying a 21V programming signal to VPP. The
OE pin must be equal to VIH during byte erase and write
operations. The programming pulse width must be a mini-
mum of 9 ms, and a maximum of 15 ms. The rising edge of
VPP must conform to the RC time constant specified pre-
viously. Once the location has been erased, the same oper-
ation is repeated for a data write. The input pins in this
case reflect the byte that is to be stored. CE must go from
VIH to VIL at the beginning of a byte erase/write cycle and
must be held high for a minimum of tgy between E/W
cycles.

p————O 10 OE PIN OF NMC2816

TUD/7513-6

FIGURE 3. OE Chip Erase Control

2V <

1N4TATA

10k

VPP CONTROL
(WRITE/RD) ©

Note 1: 5k is 21V fine adjust.
Note 2: Resistors are 1/4W.

sv
N9 14
10
VPP PIN
OF NMC2816
>
47ki
- TUDI7513-7

FIGURE 4. Operational Amplifier VPP Switch Design
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NMC2816

Device Operation (continued)

A characteristic of all E2PROMs is that the total number of
erase/write cycles is not unlimited. The NMC2816 -has
been designed to meet applications requiring up to1 x 10*
erase/write cycles per byte. The eraselwrite cycling
characteristic is completely byte independent. Adjacent
bytes are not affected during erase/write cycling.

Because the device is designed to be written in system,
all data sheet specifications (including write and erase
operations) hold over the full operating temperature range
(0°C to 70°C).

OUTPUT OR-TYING

Because NMC2816s are usually used in larger memory ar-
rays, a 2-line control function is provided that accommo-
dates this use of muitiple memory connections. The 2-line
control function allows low power dissipation (by dese-
lecting unused devices), and the removal of bus conten-
tion from the system environment.

To most effectively use these two controi lines, itis recom-
mended that CE (pin 18) be decoded from addresses as the
primary device selection function. OE (pin 20) should be
made a common connection to all devices in system, and
connected to the RD line from the system control bus. This
assures that all deselected memory devices are in their
low power standby mode and that the output pins are only
active when data is desired from a particular memory
device.

STANDBY MODE
The NMC2816 has a standby mode which reduces active

- power dissipation by 52% from 610 mW to 295 mwW

(ICC + IPP). The NMC2816 is placed in the standby mode
by applying a TTL high signal to the CE input. When in the
standby mode, the outputs are in a high impedance state,
independent of the OE input.
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National

Semiconductor

NMC2816M 16k (2k x 8) Electrically Erasable PROM

Max Access/Current NMC2816M-25 NMC2816M-35 NMC2816M-45
Max Access Time (ns) 250 350 450
Max Active Current (mA) 140 140 140
Max Standby Current (mA) 60 60 . 60
General Description Features
The NMC2816M is a 16,384-bit electrically erasable and M 2048 x 8 organization
programmable read-only memory (E2PROM) fabricated m Fully static

using National's high speed, low power, N-channel double
silicon gate technology. The electrical erase/write capa-
bility of the NMC2816M makes it ideal for a wide variety of
applications requiring in-system, non-volatile erase and
write.

The device operates from a 5V power supply in the read
mode and, with its very fast read access speed, is
compatible with high performance microprocessors.

The NMC2816M is deselected when pin 18 is high and is
automatically placed in the standby mode. This mode pro-
vides a55% reduction in power with noincrease in access
time. The NMC2816M also has an output enable control to
eliminate bus contention in a system environment.

The NMC2816M can be easily erased and reprogrammed
in a byte-by-byte mode and the entire memory array erased
in a chip erase mode. Byte erase mode is identical to byte
write mode, with all data inputs at logic ones (TTL high).

B Reliable floating gate technology
B Very fast access time ' :
250 ns max (NMC2816M-25)
350 ns max (NMC2816M-35)
450 ns max (NMC2816M-45)
B Single byte eraselwrite capability
B 10 ms byte erasel/write time
B Chip erase time of 10 ms )
B Conforms to JEDEC byte-wide family standard
B Microprocessor compatible architecture
B Low power dissipation
800 mW max (active power ICC + IPP)
360 mW max (standby power ICC +IPP) |

Block and Connection Diagrams

Dual-in-Line Paékage

DATA INPUTS/OUTPUTS 1 24
vce ) 10/00-17/07 AT — U/ L vCe
GND O— A6 2 s
VPP O—
I I 1 I I I I I } 3 22
Y As— e
0F —— OUTPUT ENABLE
& CHIP ENABLE INPUT/ a-Y 121 e
£ AND E/W LOGIC ouTPUT
BUFFERS 5 20 —
A 1= o8
— 6 19
(_ Y . . " A2— NMzczawM — A0 .
— DECODER . Y GATING . E2PROM o -
— Al — — TE
‘A0-A10 8 17
ADDRESS { A= — /07
INPUTS |~
— X : 16,384-BIT l0/00— L6 16705
—_ DECODER CELL MATRIX
] . 10 15
. 11/0¢ == P~ 15/05
— :
— 1
\ 12/02 = li 1a/04
TUDIS1931  GNp 1_2_ E 13/03
FIGURE 1
Pin Names
TOP VIEW TUDIS1932
AO0-A10  Addresses 0¢-0 Data Outputs
CE Chip Enable I 0I ! Data tnp:ts FIGURE 2
0~17
— Order Number NMC2816MJ
OE Output Enable VPP Program Voltage

NS Package Number J24A
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NMC2816M

Absolute Maximum Ratings

Temperature Under Bias

Storage Temperature

Allinput or Output Voltages with
Respect to Ground ‘

VPP Supply Voltage with Respect
to Ground During Program

Maximum Duration of VPP Supply at 22V

During E/W Inhibit

Maximum Duration of VPP Supply at 22V

- 65°Cto +135°C
-65°Cto +125°C
+6Vto —0.3V
+22.5Vto - 0.3V
24Hrs

15ms

During Write/Erase Programming (Note 2)

Lead Temperature (Soldering, 10 seconds)

300°C

Operating Conditions

Temperature Range
VCC Power Supply (Notes 2and 3)

-55°Cto +125°C

5V £10%

Note: Stresses above those listed under “Absolute Maximum Ratings" may cause permanenf damagetothedevice.Thisisa 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 ab-

solute rating c¢ s for

ded periods may affect device reliability.

DC Electrical Characteristics Ta= -55°C to + 125°C, VCC =5V = 10% (Notes 2 and 3)

Symbol Parameter Conditions Min (Nz: 1) Max Units
READ OPERATION
I Input Leakage Current VIN = 5.50V 10 uA
ILo Output Leakage Current | VOUT =5.50V 10 uA
ICC2 VCC Current (Active) OE=CE=VIL 65 140 mA
IcC1 VCC Current (Standby) CE=VIH 12 60 mA
IPP(R) | VPP Current (Read) VPP =6V, CE=VIH or VIL 1 5 mA
viL input Low Voltage -0.1 0.8 \
VIH Input High Voltage 2.2 VCC +1 \
voL Output Low Voltége IOL=2.1mA 0.45 Vv
VOH Output High Voltage IOH = —400 pA 24 \
VPP Read Voltage . 4 6 \
WRITE OPERATION
VPP Write/Erase Volitage 20 21 22 \Y
IPP(W) | VPP Current (Write/Erase) | OE = VIH, CE = VIL, VPP =22V 6 15 mA
VOE | OE Voltage (Chip Erase) |IOE=104A 9 15 v
IPP(l) | VPP Current (Inhibit) CE=VIH, VPP =22V 5 mA
IPP(C) | VPP Current (Chip Erase) | OE =VOE, CE = VIL, VPP =22V 2 5 mA
Capacitance 1a=25:c, 1=1MHz (Note 1)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
CIN Input Capacitance VIN =0V 5 10 pF
CouT Output Capacitance VOUT =0V 10 : pF
cvce VCC Capacitance OE=CE=VIH 500 pF
CVPP VPP Capacitance OE=CE=VIH ‘ 50 pF
AC Test Conditions
OutputLoad 1TTLgateandCL=100pF ¢
Input Pulse Levels 0.45Vto2.4V ;
Timing Measurement Reference Level
Input 1Vand2v
Output 0.8Vandav
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Read Mode AC Electrical Characteristics 1a= —55°C to +125°C, VCC =5V +10% (Notes 2 and 3)

<
=
0
N
-]
-k
=)
=

NMC2816M.25 NMC2816M.-35 NMC2816M-45
ymbol Parameter Conditions Typ Typ Typ Units
Min (Note 1) Max Min (Note 1) Max Min (Note 1) Max
lacc |Address to Output CE=0E=VIL 250 350 450 | ns
Delay
tsg  |CE to Output Delay | OE=ViL 250 350 450 [ ns
t5e |Output Enable to CE=VIL 10 120 10 140 10 140 | ns
Qutput Delay
lpr  |Output Disable to CE=0E=VIL 0 100 0 © | 100 0 100 | ns
Output Float (Note 9)
ton |Output Hold from CE=0E=VIL 0 0 0 ns
Addresses, CE or OE
Whichever Occurred
First
Switching Time Waveforms (note 6) Read
VIR
ADDRESSES X ADDRESSES VALID K
viL - 7
|=——tcc—=
VIH et
CE \ /
viL — =
B
ViK \ /_.—
oF
viL —
10E tor
(NOTE 8) (NOTE 9)
o VALID
outeut OUTPUT
VoL
I——'!uu TUDI5193-3

Write Mode AC Electrical Characteristics ta= —55°c to + 125°C, vCC =5V = 10% (Notes 2 and 3)

Symbol Parameter Conditions Min Typ (Note 1) Max Units
tas Address Set-Up Time 150 ns
tam Address Hold Time 50 ns
tcs CE to VPP Set-Up Time 150 ns
tps Data Set-Up Time OE =VIH 0 ) ns
ton | DataHold Time OE=VIH 50 ns
twp Write Pulse Width (Note 4) 9 10 15 ms
twr Write Recovery Time 50 ns
tos | Chip Clear Set-Up Time 0 ' : ns
ton Chip Ciear Hold Time 0 ns
teac VPP RC Time Constant : 450 600 750 us
tpeT VPP Fall Time (Note 5) . 100 us
tgos | Byte Erase/Write Set-Up Time (Note 12) 0 ' ns
tgon | Byte Erase/Write Hold Time (Note 12) 0 ns
tcy  |Chip Enable High Time 1 i ‘ us

Note 1: This parameter is only sampled and not 100% tested.

Note 2: To prevent spurious device erasure or write, VCC must be applied simultaneously or before 21V application 61 VPP. VPP cannot be driven to 21V.
without previousty applying VCC.

Note 3: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to the device it must not be.
inserted into or removed from a board with power applied.

Note 4: Adherence to typ specification is important to device reliability.
Note 5: To allow immediate read verify capability, VPP can be driven low in less than 50 ns.
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NMC2816M

Switching Time Waveforms (ote 6)

Byte Erase and Byte Write Programming Cycle (Notes 7 and 12)

VIH
I3 ten -— .
" =T (NOTE13) e

- tvm——/ .
VIH
ADDRESS . . X<— tas ——| — uu——lx
viL -
VIH
DATA IN X.__ [ — e to—
viL
VIH —
B e l80S
e /i mote 1 +— teoH —| \
v tprc L
- l‘“murzw) (NoTES) | [
20v-22v
VPP
V-6V S —
twp TUD/5193-4
Chip Erase (Note 11)
o] |etPRC
‘ (NOTE 10) |=—teFr (NOTE 5)
R ——— F S ————
C-E
viL -
I‘ics wp ———— —=| |——(wn
20V-22V
VPP
4V-6V
VOE
/ \
[V ] R —— | S,
tos ton TLD/5193-5

Note 6: All times shown in parentheses are minimum times and are ns unless otherwise specified. -

Note 7: Prior to a data write, an erase operation must be performed. For byte erase, data in = VIH, and for chip erase, data in =don't care.
Note 8: OE may be delayed up to 210 ns after falling edge of CE without impact on tcg for NMC2816M-35. :

Note 9: tpF is specified from OE or CE, whichever occurs first.

Note 10: The rising edge of VPP must follow an exponential waveform. That waveform’s time constant is spééified astpRrc.

Note 11: In the chip erase mode DIN =don’t care.

Note 12: In byte erase or write mode, OE must be at VIH (logic 1 state). )
Note13: CE=VIH places the chip in a low power standby condition and must be applied for aminimumtime oftg before the start of any byte pro-

gramming cycle.

Device Operation

The NMC2816M has six modes of operation, listed in Table .
All operational modes are designed to provide maximum
microprocessor compatibility and system consistency. The

. device pinout is a part of the JEDEC approved bytewide

non-volatile memory family, allowing appropriate and cost-
effective density and functionality upgrades.

All control inputs are TTL compatible with the exception
of chip erase. The VPP voltage must be pulsed to 21V dur-
ing write and erase, and held at 5V during the other two
modes.

TABLE I. Mode Selection Voo =5V £10%

Pin CE OF VPP Inputs/
Mode (18) (20) (21) Outputs
Read VIL ViL 4V to 6V DOUT
Standby VIH Don’t Care | 4V to 6V Hi-Z
Byte Erase VIL VIH 20V to 22V | DIN = VIH
Byte Write ViL VIH 20V to 22V DIN
Chip Erase ViL 9V to 15V | 20V to 22V DIN=
(Note 11) Don't Care
E/W Inhibit VIH Don't Care | 4V to 22V Hi-Z
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Device Operation (Continued)
READ MODE

Both CE and OE must be atlogic low levels to obtain infor-
mation from the device. Chip enable (CE) is the power con-
trof pin and could be used for device selection. The output
enable (OE) pin serves to gate internal data to the output
pins. Assuming that the address inputs are stable, ad-
dress access time (tacc) is equal to the delay from CE to
output (tgg). Data is available at the outputs after a time
delay of tgg, assuming that CE has been low and ad-
dresses have been stable for at least tacc-toE.

CHIP ERASE MODE

Should one wish to erase the entire NMC2816M ‘array at
once, the device offers a chip erase function. When the
chip erase function is performed, all 2k bytes are retumed
to a logic 1 (FF) state.

The NMC2816M’s chip erase function is engaged when the
output enable (OE) pin is raised above 9V. When OE Is
greater than 9V and CE and VPP are in the normal write
mode, the entire array is erased. This chip erase function
takes approximately 10 ms. The data input pins are don't
care during this time to allow for ease in chip erase.
Figure 3 is an example for an OE control switch.

VPP PULSE

The shape of the VPP pulse Iis important in ensuring long
term reliability and operating characteristics. VPP must

rise to 21V through an RC waveform (exponeniial). The
tprc specification has been designed to accommodate
changes of RC due to temperature variations.

Figure 4 shows an example for a VPP switch design,
useful where programming will occur over the specified
temperature and operating voltage conditions.

WRITE MODE

The NMC2816M is erased and reprogrammed electrically

rather than optically, as opposed to EPROMs which re-
quire UV light. The device offers dramatic flexibility
because both byte (smgle location) and chnp erase are
possible.

To write a particular location, that byte must be erased
prior to a data write. Erasing is accomplished by applying
logic 1 (TTL high) inputs to all 8 data input pins, lowering
CE, and applying a 21V programming signal to VPP. The
OE pin must be equal to VIH during byte erase and write
operations. The programming pulse width must be a mini-
mum of 9 ms, and a maximum of 15 ms. The rising edge of
VPP must conform to the RC time constant specified pre-
viously. Once the location has been erased, the same oper-
ation is repeated for a data write. The input pins in this
case reflect the byte that is to be stored. CE must go from
VIH to VIL at the beginning of a byte erase/write cycle and
must be held high for a minimum of tcy between E/W
cycles.

0_5———0 T0 OE PIN OF NMC2816M

CHIP
ERASE

4 <
1NATATA
’1
L
- > 5V

10k

VPP CONTROL A 2N3904 0.05 4F —‘L a4
(WRITE/AD) 'I' 10
= VPP PIN
o, OF NMC2816M

" Note 1: 5k is 21V fine adjust.
Note 2: Resistors are 1/4W.

&
~
=
AA

VVVv

TUD/5193-7

FIGURE 4. Operational Amplifier VPP Switch Design

IN9L8ZOWN
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NMC2816M

Device Operation (continued)

A characteristic of all E2PROMs is that the total number of
erase/write cycles is not unlimited. The NMC2816M has
been designed to meet applications requiring up to 1 x 104
erase/write cycles per byte. The eraselwrite cycling
characteristic is completely byte independent. Adjacent
bytes are not affected during erase/write cycling.

Because the device Is designed to be written in system,
all data sheet specifications (including write and erase

. operations) hold over the full operating temperature range

(—55°C to +125°C).

OUTPUT ORTYING

Because NMC2816Ms are usually used in larger memory‘

arrays, a 2-line control function is provided that accommo-
dates this use of muitiple memory connections. The 2-line
control function allows low power dissipation (by dese-
lecting unused devices), and the removal of bus conten-
tion from the system environment.

To most effectively use these two control lines, it is recom-
mended that CE (pin 18) be decoded from addresses as the
primary device selection function. OE (pin 20) should be
made a common connection to all devices in system, and
connected to the RD line from the system control bus. This
assures that all deselected memory devices are in their
low power standby mode and that the output pins are only
active when data is des:red from a particular memory
device. .

STANDBY MODE

The NMC2816M has a standby mode which reduces active
power dissipation by 55% from 800 mw to 360 mW. The
NMC2816M Is placed in the standby mode by applying a
TTL high signal to the CE input. When In the standby
mode, the outputs are in a high impedance state, inde-
pendent of the OE input.
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National
Semiconductor

NMC9716 16k (2k x 8) Electrically Erasable PROM

Max Access/Current NMC9716-25 NMC9716-35 NMC9716-45
Max Access Time (ns) 250 350 450
Max Active Current (mA) 110 110 110
Max Standby Current (mA) 50 50 50

General Description

The NMC9716 is a 16,384-bit electrically erasable and pro-
grammable read-only memory (E2PROM) fabricated using
National’s high speed, low power, N-channe! double sili-
con gate technology. The electrical erase/write capability
of the NMC9716 makes it ideal for a wide variety of appli-
cations requiring in-system, non-volatile erase and write.

The NMC9716 is pin and functionally compatible with the
NMC2816 E2PROM, with the added system featureof eras-
ing/writing with a 5V TTL pulse on chip enable (CE), while
the VPP is held at 21V. The erasel/write cycle is very similar
to the industry standard 2716 EPROM programming cycle.

The device operates from a 5V power supply in the read
mode and, with its very fast read access speed, is com-
patible with high performance microprocessors.

The NMC9716 is deselected when CE input is high and is
automatically placed in the standby mode. This mode pro-
vides a 52% reduction in power with no increase inaccess
time. The NMC9716 also has an output enable control to
eliminate bus contention in a system environment.

The NMC9716 can be easily erased and reprogrammed in a
byte-by-byte mode and the entire memory array can be
erased with a single programming puise in the chip erase
mode. Byte erase is identical to byte write, with all inputs
at logic one (TTL high).

Features

W Erase/write with a5V TTL puise or a 21V pulse
| Pin and functionally compatible with the NMC2816
B No rise time restriction on erase/write pulse
B 2048 x 8 organization
B Conforms to JEDEC byte-wide family standard
B Microprocessor compatible architecture
@ Single byte erase/write capability
B 10 ms byte erase/write time
B 10 ms chip erase mode
W Low power dissipation
610 mW max (active power ICC + IPP)
295 mW max (standby power ICC +1PP)

Block and Connection Diagrams

Dual-In-Line Package

1 \ J 24
DATA INPUTS/OUTPUTS A7 ﬂ — vee
lo/0g-17/07 2 23
Ve O—p p N < AG —— | A8
GND O—
o> [IIE308] wt L
5 el OUTPUT ENABLE S M_“* 21 o
e CHIP ENABLE "J':j';‘;L/T o
5 _
AND E/W LOGIC uTRU 1 &
.
( froucl NMCo716 9 4o
— E2PROM
Y . 7 18 —
—_ DECODER . ¥ GATING M — CE
— =2 7 0
Ro-A1D | = T 7/47
ADDRESS { e i /0= 16 0
INPUTS | ——] X . 16,384-BIT 0 .5
—_ DECODER . CELL MATRIX 170 Y L 15 /05
L]
— o /0, 1 14 /04
g 12 13
FlGURE 1 TL/DI5196-1 GN“ -] — '3,03
Pin Names TOP VIEW TLDI5196-2
AO-A10  Addresses 00-0;  Data Outputs FIGURE 2
CE Chip Enable lo-17 Data Inputs Order Number NMC9716J
OE Output Enable VPP Program Voltage NS Package Number J24A
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NMC9716

Absolute Maximum Ratings

Temperatu

reUnder Bias

Storage Temperature

AlfInputor
Respect

Output Voltages with
to Ground

VPP Supply Voltage with Respect
to Ground During Program

Maximum Duration of VPP Supply at 22V
During E/W Inhibit -

-10°Cto +80°C
-65°Cto +125°C

Operating Conditions

Temperature Range
VCC Power Supply (Notes 2 and 3)

0°Cto +70°C
5V +5%

+6Vto — 0.3V

+225Vto ~0.3V

"Maximum Duration of VPP Supply at 22V

24 Hrs

15ms

During Write/Erase Programming (Note 2)
Lead Temperature (Soldering, 10 seconds)

300°C

Note: 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 ab-
solute maximum rating conditions for extended periods may affect device reliability.

DC Electrical Characteristics 7a=0°c to 70°C, vCC =5V 5% (Notes 2 and 3)

Symbol Parameter Conditions Min (Nz: 1) ~ Max Units
READ OPERATION
ILI Input Leakage Current VIN=5.25V 10 A
ILO Output Leakage Current | VOUT =5.25V 10 rA
ICC2 VCC Current (Active) OE=CE=VIL 50 110 mA
ICC1 VCC Current (Standby) CE=VIH 10 50 mA
IPP(R) | VPP Current (Read) VPP =6V,CE=VIH or VIL 1 5 mA
VIL Input Low Voltage ) -0.1 08 .V
VIH Input High Voltage 2.0 VCC+1 \
VoL Output Low Voltage IOL=2.1mA 0.45 vV .
VOH Output High Voltage I0H = — 400 pA 24 \
VPP Read Voltage 4 6 v
WRITE OPERATION
VPP Write/Erase Voltage 20 21 22 \
IPP(W) | VPP Current (Write/Erase) | OE = VIH, CE=<VIL, VPP =22V 6 .15 mA
VOE 'OE Voltage (Chip Erase) | IDE<10 A 9 15 v
IPP(l) | VPP Current (Inhibit) CE=VIH, VPP=22V 5 mA
IPP(C) | VPP Current (Chip Erase) | OE = VOE, CE = VIL, VPP =22V 5 mA
Capacitance 7a=25-c, f=1MHz (Note 1)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
CIN Input Capacitance VIN=0V 5 10 pF
cout Output Capacitance VOUT =0V 10 pF
cvee VCC Capacitance OE=CE=VIH 500 pF
- CVPP VPP Capacitance OE=CE=VIH 50 pF
AC Test Conditions
Output Load 1TTLgate and CL =100 pF

Input Pulse Levels

Timing Measurement Reference Level

Input
Output

0.45Vt02.4V

1Vand2v
0.8Vand2v
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Read Mode AC Electrical Characteristics ta=0°c to 70°C, vGC =5V +5% (Notes 2 and 3)

NMC9716-25 NMC9716-35 NMC9716-45
ymbol Parameter Conditions . Typ X Typ Typ Units
Min (Note 1) Max Min {Note 1) Max Min (Note 1) Max
tacc |Address to Output CE=0E=VIL 250 350 450 | ns
Delay
tce  |CE to Output Delay | OE=VIL 250 350 450 | ns
t5e |Output Enable to CE=VIL 10 100 10 120 10 120 | ns

Output Delay

tor  |Output Disable to CE=0E=VIL 0 80 0 80 ] 100 | ns
Output Float (Note 9) ‘
ton [Output Hold from CE=0E=VIL 0 0 0 ns

Addresses, CE or OE
Whichever Occurred
First

Read Waveforms (note 6)

VIH ——————- ~
ADDRESSES x ADDRESSES VALID K
vIiL ~ ——— —7
tacc
VIH
—_
viL -
——— tCE——| :
VIH
\ a
- ",

ViL —
10E tor

(NOTE 8) ’ (NOTE 9)

voH L -
OUTPUT £ VALID %

OUTPUT

voL .
‘n" TUDI5196-3

Note 1: This parameter is only sampled and not 100% tested.

Note 2: To prevent spurious device erasure or write, VCC must be applied simultaneously or before 21V application of VPP. VPP cannct be driven to 21V
without previously applying VCC.

Note 3: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to the device it must not be
inserted into or removed from a board with power applied.

Note 4: Adherence to tyyp specification is important to device reliability.

Note 5: To allow immediate read verify capability, VPP can be driven low in less than 50 ns.

Note 6: Ail times shown in parentheses are minimum times and are ns unless otherwise specified.

Note 7: Prior to a data write, an erase operation must be performed. For a byte erase, data in = VIH, and for chip erase, data in = don't care.

Note 8: OE may be delayed up to 230 ns after falling edge of CE without impact on tce for NMC9716-35.

Note 9: tpF is specitied from OE or CE whichever occurs first.

Note 10: When programming with VPP, the rising edge of VPP can follow a linear or an exp_@ential waveform. That waveform's rise time or time constant is
specified as tppg. There is no restriction on the rising edge of VPP it programming with CE.

Note 11: In the chip erase mode DIN = don’t care.

Note 12: In byte erase or write mode, OE must be equal to VIH.

Note 13: More than one address location can be erase/written without pulsing VPP between every address.

Note 14: TE = VIH places the chipin a low power standby condition, and must be applied foraminimum time of t g before the start of any byte programming
cycle. .
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NMC9716

Write Mode AC Electrical Characteristics 1a=o°c to 70°c, VEC =5V £5% (Notes 2 and 3)

Symbol Parameter Conditions Min Typ (Note 1) Max Units
tas Address Set-Up Time 150 ns
tam Address Hold Time 50 ns
tcs CE Set-Up Time 150 ns
ter VPP Set-Up Time 0 ns
tps | Data Set-Up Time OE=VIH 0 ns
ton | Data Hold Time OE=VIH 50 ns
twp Write Pulse Width (Note 4). 9 10 15 ms
twr Write Recovery Time 50 ns
tos Chip Clear Set-Up Time 0 ns
ton Chip Clear Hold Time 0 ns
tpre | VPP RC Time Constant (Note 10) 750 us
terr | VPP Fall Time (Note 5) 100 us
tgos | Byte Erase/Write Set-Up Time (Note 12) 0 " ns
tgon | Byte Erase/Write Hold Time (Note 12) 0 ns
tcy | Chip Enable High Time ' us

Recommended Erase/Write Waveforms

‘CE Pulsed (Notes 7, 12 and 13)

VIH
ADDRESSES
viL
t

X

VIH

53
viL

twp

taH ‘%

= twR ——I

20v-22V
o _/
4v-6v

tos

VIH

far——

DATAIN —_—
viL /"‘

'-———tsos—-—v
Vis —

% J
viL

Chip Erase Waveforms

CE Pulsed (Note 11)

VIH
3
viL

twe

r———tm

20v-22v

it

TL/D/5196-4

————lwn———l

VPP
V-6V

tog——————=1

VOE 9V-15V

I

TUD/5196-5
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Chip Erase Waveforms (continued)

" Byte Erase and Byte Write Programming Cycle, VPP Pulsed

<
=
9.
©
N
=3
o

t
- ‘—&“&m, | e
L — . e
c—-E
viL
|‘tcs twe — |-—twn
20v-22v
VPP
4V-6V
VOE
w / \
VIH J ——
tos toH

TLDI5196-6

Alternate Erase/Write Waveforms (\mc2816 compatible) (Note 6)

VPP Pulsed (Note 11)

_ v \ e . /—
CE — (NUTcg'M)—. | — s —— | a—— tWR ——»]
viL
VIH
ADDRESS X«-——— tas——| -—lm——»lx
Vit
ViH \
DATA IN X*——- s —— |~ ton——>
viL
VIH
oE 4'7 tgos \
0E - (NOTE 12'-—— |e— tgoH —>|
viL
— ‘_lPﬁC t’“——-’ -—
(NOTE 10) * (NOTES)
20v-22v
VPP
4V-6V De———
twe TLDIS1967
Device Operation TABLE I. Mode Selection Ve =5V = 5%
The NMCQ]16 has six modes of operation, Ii§ted in T::-xble . Pin CE OF VPP Inputs!/
Al.l operational modes are q_e8|gned to provide maximum Mode (18) (20) @1 Outputs
microprocessor compatibility and system consistency.
The device pinout is a part of the JEDEC approved byte- Read ViL Y"— 4V to 6V DQUT
wide non-volatile memory family, altowing appropriate Standby VIH | Don'tCare| 4V to 6V Hi-Z
and cost-effective density and functionality upgrades. Byte Erase | VIL VIH _|20Vto22V] DIN=VIH
Byte Write VIL VIH 20V to 22V DIN
All control inputs are TTL compatible with the exception Chip Erase viL 9Vto 15V [ 20Vto22V| DIN=
of chip erase. The VPP voltage must be pulsed to 21V dur- (Note 11) Don't Care
ing write and erase, and held at 5V during the other two E/W Inhibit VIH Don’t Care | 4V to 22V Hi-Z

modes.

7-39



NMC9716

Device Operation (continued)

READ MODE

Both CE and OE must be at logic low levels to obtain infor-
mation from the device. Chip enable (CE) is the power con-
trol pin and could be used for device selection. The output
enable (OE) pin serves to gate internal data to the output
pins. Assuming that the address inputs are stable, ad-
dress access time (tacc) is equal to the delay from CE to
output (tgg). Data is available at the outputs after a time
delay of t5g, assuming that CE has been low and ad-
dresses have been stable for at least tacc-t5E.

CHIP ERASE MODE

Should one wish to erase the entire NMC9716 array at
once, the device offers a chip erase function. When the
chip erase function is performed, all 2k bytes are returned
to a logic 1 (FF) state.

The NMC9716’s chip erase function is engaged when the
output enable (OE) pin is raised above 9V. When OE is
greater than 9V and CE and VPP are in the normal write
mode, the entire array is erased. This chip erase function
takes approximately 10 ms. The data input pins are don’t

_ care during this time to allow for ease in chip erase.

Figure 3 is an example for an OE control switch.

VPP PULSE

If using VPP to write or erase, the shape of the VPP pulse
can rise to 21V through an RC waveform (0 pus-750 us
time constant), such as the NMC2816, or a linear ramp
(0 us-750 ps). There is no restriction on the rising edge of
VPP if using CE to write or erase.

Figure 4 shows an example for a VPP switch design,
useful where programming will occur over the specified
temperature and operating voltage conditions.

WRITE MODE

The NMC9716 is erased and reprogrammed electrically
rather than optically, as opposed to EPROMs which re-
quire UV light. The device offers dramatic flexibility
because both byte (single location) and chip erase are
possible.

To write a particular location, that byte must be erased
prior to a data write. Erasing is accomplished by applying
logic 1 (TTL high) inputs to all 8 data input pins, lowering
CE, and applying a21V programming signal to VPP or rais-
ing VPP to 21V and applyinga TTL low pulse to CE. The OE
pin must be equal to or below VIH during byte erase and
write operations. The programming pulse width mustbe a
minimum of 9 ms, and a maximum of 15 ms. Once the loca-
tion has been erased, the same operation is repeated fora
data write. The input pins in this case reflect the byte that
. is to be stored.

CHIP
ERASE

-OT0 OE PIN OF NMC9716

TUD/I5196-8

FIGURE 3. OE Chip Erase Control

_ TOVPPPIN

Lm317 > 0F NMC9716

4
>
i» 120
2N3904
&
2 ~1.9%
‘ < R2
] 470
-

ERASE/WRITE %

(WRITE/RD) l/

TLD/5196-9

FIGURE 4. VPP Switch Design with Electronic Shutdown for CE Pulsed Erase/Write
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Device Operation (continued)

Acharacteristic of all E2PROMSs is that the total number of
eraselwrite cycles is not unlimited. The NMC9716 has
been designed to meet applications requiring up to 1 x 104
erasel/write cycles per byte. The erase/write cycling char-
acteristic is completely byte independent. Adjacent bytes
are not affected during erase/write cycling.

Because the device is designed to be written in-system, all
data sheet specifications (including write and erase
operations) hold over the full operating temperature range
(0°C to 70°C).

OUTPUT ORTYING

Because NMC9716s are usually used in larger memory ar-
rays, a 2-line control function is provided that accommo-
dates this use of multiple memory connections. The 2-line
control function allows low power dissipation (by dese-
lecting unused devices) and the removal of bus contention
from the system environment.

To most effectively use these two control lines, itis recom-
mended that CE (pin 18) be decoded from addresses as the
primary device selection function, OE (pin 20) should be
made a common connection to all devices In-system, and
connected to the RD line from the system control bus. This
assures that all deselected memory devices are in their
low power standby mode and that the output pins are only
active when data is desired from a particular memory
device.

STANDBY MODE

The NMC9716 has a standby mode which reduces active
power dissipation by 52% from 610 mW to 295 -mW
(ICC + IPP). The NMC9716 is placed in the standby mode
by applying a TTL high signal to the CE input. When in the
standby mode, the outputs are in a high impedance state,
independent of the OE input.
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NMC9716M

National
Semiconductor

NMC9716M 16k (2k x 8) Electrically Erasable PROM

Max Access/Current

NMC9716M-25 NMC9716M-35 NMCI716M-45
Max Access Time (ns) 250 350 450
Max Active Current (mA) 140 140 140
Max Standby Current (mA) i 60 60 60

General Description

The NMC9716M is a 16,384-bit electrlcally erasable and
programmabile ‘read-only memory (E PROM) fabricated
using National’s high speed, low power, N-channel double
silicon gate technology. The electrical erase/write capa-
bility of the NMC9716M makes it ideal for a wide variety of
applications requiring in-system, non-volatile erase and
write.

The NMCO716M is pinand functionally compatible with the
NMC2816M E2PROM, with the added system feature of
erasmg/wrmng with a 5V TTL pulse on chip enable (CE),
while the VPP is held at 21V. The erase/write cycle is very
similar to the industry standard 2716 EPROM program-

| ming cycle.

The device oberates from a 5V power éupbly in the read
mode and, with its very fast read access speed, is com-
patible with high performance microprocessors.

The NMC9716M is deselected when CEinputishighandis
automatically placed in the standby mode. This mode pro-
vides a 55% reduction in power with no increase in access
time. The NMC9716M also has an output enable control to
eliminate bus contention in a system environment.

The NMC9716M can be easily erased and reprogrammed
in a byte-by-byte mode and the entire memory array can be
erased with a single programming pulse in the chip erase
mode. Byte erase is identical to byte write, with all inputs
at logic one (TTL high).

Features

W Erase/write with a 5V TTL pulse or a 21V pulse
B Pin and functionally compatible with the NMC2816M
M No rise time restriction on erase/write pulse
B 2048 x 8 organization
B Conforms to JEDEC byte-wide family standard
B Microprocessor compatlble architecture
B Single byte erase/write capability
B 10 ms byte erase/write time
B 10 ms chip erase mode
B |ow power dissipation
800 mW max (active power ICC + IPP)
360 mW max (standby power ICC + IPP)

Block and Connection Diagrams

Dual-In-Line Package

DATA INPUTS/OUTPUT 24
: :0 /00-17 %’7 s i |\ — vee
veC O—» —_ g ”
GND O— pramd = s
wo— RERRRY
3 2
- - A5 — — A9
5E — OUTPUT ENABLE
% CHIP.ENABLE INPUT/ aa=t 21 e
CE = AND E/W LOGIC outPuT
: BUFFERS s 20 _
A3— — OE
] 6 Ll?-
[q/ Y . ¥ GATING A2 — NMCST16M A10
— DECODER . 7 . E’PROM o
] Al — L TE
0 — 17
AD-A1D A0 8] L
ADDRESS { — -
INPUTS | — X : 16.384-BIT l0/09 = — 15/05
— DECODER : CELL MATRIX
. 10 15
o . 11/01 ——f — I5/05
— L ]
L~ lz/Dz‘—‘- F- 1a/04
1 13
FIGURE 1 TL/DIS195-1 GND __2_ Sk l3/03
Pin Names ’
TOP VIEW . TUDI5195-2
A0-A10  Addresses 00-0 Data Outputs i
e ) o P FIGURE 2
CE Chip Enable lo-l7 Data Inputs )
OE Output Enable VPP Program Voltage Order Number NMC9716MJ
NS Package Number J24A
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4
Absolute Maximum Ratings Operating Conditions =
Temperature Under Bias —65°Cto +135°C Temperature Range -586°Cto +125°C 0
Storage Temperature —-65°Cto +125°C VCC Power Supply (Notes 2 and 3) 5V £10% Lo‘
All Input or Output Voltages with +6Vto -0.3V -t
Respect to Ground N
VPP Supply Voltage with Respect +225Vto —0.3V =
to Ground During Program :
Maximum Duration of VPP Supply at 22V 24 Hrs
During E/W Inhibit
Maximum Duration of VPP Supply at 22V 15ms
During Write/Erase Programming (Note 2)
Lead Temperature (Soldering, 10 seconds) 300°C
Note: 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 ab-
solute maximum rating conditions for extended periods may affect device reiiabitity.
DC Electrical Characteristics 7a= -55°C 10 +125°C, VCC =5V % 10% (Notes 2 and 3)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
READ OPERATION
1Ll Input Leakage Current VIN = 5.50V 10 kA
ILO Output Leakage Current | VOUT =5.50V 10 A
ICC2 | VCC Current (Active) OE=CE=VIL 65 140 mA
ICC1 VCC Current (Standby) CE=VIH 12 60 mA
IPP(R) | VPP Current (Read) VPP =6V, CE = VIH or VIL 1 5 mA
ViL Input Low Voltage -01 08 \
ViH Input High Voltage 2.2 VCC +1 v
VoL Output Low Voltage IOL=2.1mA 0.45 \
VOH Output High Volitage IOH = —~ 400 A 2.4 \
VPP Read Voltage 4 6 \
WRITE OPERATION '
VPP Write/Erase Voltage 20 21 22 v
IPP(W) | VPP Current (Write/Erase) | OE = VIH, CE=VIL, VPP =22V 6 15 mA
VOE OE Voltage (Chip Erase) |IOE=10,A . 9 15 v
IPP(l) | VPP Current (Inhibit) CE =VIH, VPP =22V 2 5 mA
IPP(C) | VPP Current (Chip Erase) | OE = VOE, CE = VIL, VPP =22V o2 5 mA
Capacitance 1a=25°C, =1MHz (Note 1)
Symbol Parameter Conditions Min - Tvp Max Units
(Note 1)
CIN Input Capacitance VIN =0V 5 10 pF
COouT Output Capacitance VOUT =0V 10 pF
CVCC VCC Capacitance OE=CE=VIH 500 pF
CVPP VPP Capacitance OE=CE=VIH 50 pF
AC Test Conditions _
Output Load 1TTLgateand CL =100 pF
Input Pulse Levels 0.45Vto2.4V
Timing Measurement Reference Level
Input 1Vand2v
Output 0.8Vand2v
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Read Mode AC Electrical Characteristics 1A= —55:C to +125°C, VCC =5V +10% (Notes 2 and 3)

NMC9716M-25 NMC9716M-35 NMC9716M-45
Symbol Parameter Conditions Typ Typ . Typ Uni
Min (Note 1) Max Min (Note 1) Max Min (Note 1) Max
tacc |Address to Output | CE=DE=VIL 250 350 450 | ne
Delay
tse  |CE to Output Delay OE=ViL 250 350 450 ne
toe [Output Enable to CE=VIL 10 120 10 140 10 140 ng
Output Delay
tpr  |Output Disable to CE=0E=VIL (] 100 0 100 0 100 | ns
Output Float (Note 9)
ton [Output Hold from CE=0E=VIL| 0| 0 0 ns
Addresses, CE or OE
Whichever Occurred
First
Read Waveforms (note 6)
VIH I —————— -\
ADDRESSES >§ ADDRESSES VALID
viL 5 --- 7
S 11X f—

VIL

ic———tﬁ et

VIH - :
" \
7

VIL — ————
10E . toF
(NOTE 8) (NOTE 9)
YOH VALID
OUTPUT OUTPUT

VoL : .
- - |'——t°" TUD/51953

Note 1: This parameter is only sampled and not 100% tested.

Note 2: To prevent spurious device erasure or write, VCC must be applied simultaneously or before 21V application of VPP. VPP cannot be driven to 21V
without previously applying VCC.

Note 3: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to the device it must not be
inserted into or removed from a board with power applied.

Note 4: Adherence to typ specification is important to device reliability.

Note 5: To allow immediate read verify capability, VPP can be driven low in less than 50 ns.

Note 6: All times shown in parentheses are minimum times and are ns unless otherwise specified.

Note 7: Prior to a data write, an erase operation must be performed. For a byte erase, data in = VIH, and for chip erase, data in =don't care.
Note 8: OE may be delayed up to 210 ns after falling edge of CE without impact on tgg for NMC9716M-35.

Note 9: tpF is specified from OF or CE whichever occurs first.

Note 10: When programming with VPP, the rising edge of VPP can follow a linear or an exponential waveform. That waveform’s rise time or time constant is
specified as tprc. There is no restriction on the rising edge of VPP if programming with CE.

Note 11: In the chip erase mode DIN =don’t care.

Note 12: In byte erase or write mode, OE must be equal to VIH.

Note 13: More than one address location can be erase/written without pulsing VPP between every address.

Note 14: TE=VIH places the chip in a low power standby condition, and must be applled for aminimumtime of t o before the start of any byte programming
cycle.

X
« N S
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Write Mode AC Electrical Characteristics 1A= -55°C to +125°C, vCC =5V = 10% (Notes 2 and 3)

<
=
0.
©0
“
—h
1o2]
=

Symbol Parameter Conditions Min Typ (Note 1) Max Units
tas Address Set-Up Time 150 ns
tAH Address Hold Time 50 ns
tcs | CE Set-Up Time 150 ns
ter VPP Set-Up Time 0 ns
tps | Data Set-Up Time OE=VIH 0 ns
ton | Data Hold Time OE=VIH 50 ns
twp Write Pulse Width (Note 4) 9 10 15 ms
twr Write Recovery Time ) 50 ns
tos Chip Clear Set-Up Time ’ 0 ns
ton Chip Clear Hold Time 0 ns
tpre | VPP RC Time Constant (Note 10) 0 750 us
terr | VPP Fall Time (Note 5) 100 us
tgos | Byte Erase/Write Set-Up Time (Note 12) 0 ns
tgon | Byte Erase/Write Hold Time (Note 12) 0 ns
toH Chip Enable High Time 1 kS

Recommended Erase/Write Waveforms

‘CE Pulsed (Notes 7, 12 and 13)

ViH

ADDRESSES )(
o X
L, s twe t=——taH
ViH
CE
viL ten —t

| tea <~ W
20v-22v l -.I
VPP —/
4v-6Y
tos [=— tou
VIH —
DATA IN < ) L(
VIL =~

r——mos
VIH

o —J ‘
Vit

Chip Erase Waveforms

BOH

il

TUD/5195-4

CE Pulsed (Note 11)
VIR -
i3
viL
L ———tun———

20v-22v

VPP / \
4V-6V
tos ton |
VOE 9v-15V
& V4 t
VIK

TUD/5195-5
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Chip Erase Waveforms (continuedq)

VPP Pulsed (Note 11)

—

tpRC

™ (NOTE 10)

VIH
CE S
VIiL

l*lcs

twe —
20v-22v
veP
4v-6V
VOE
/
v

VIH

tos

Alternate Erase/Write Waveforms (N\Mc2816M compatible) (Note 6)

toH

TUD/5195-8

Byte Erase and Byte Write Programming Cycle, VPP Pulsed

VIK -
TE CH |
ce " (NOTE 14) "I\ tes—

<—-twn-——>/

VIH

ADDRESS N~— s —>

viL

VIH

DATA IN X._ tos ——>]
viL

p—

. VH r—

o BOS

0E w /“'(Nmm"

: tpRC tpFr
[ - I“(Nﬂﬁw) (NOTES) |

20v-22v
VPP

V-6V

Device Operation

The NMC9716M has six modes of operation, listed inTable l.
All operational modes are designed to provide maximum
microprocessor compatibility and system consistency.
The device pinout is a part of the JEDEC approved byte-
wide non-volatile memory family, allowing appropriate
and cost-effective density and functionality upgrades.

All control inputs are TTL compatible with the exception
of chip erase. The VPP voltage must be pulsed to 21V dur-
ing write and erase, and held at 5V during the other two
modes. .

Iy

twp

— tauu—-‘\

TUD/5195-7

TABLE I. Mode Selection Voo =5V +10%

Pin CE OE VPP Inputs/
Mode - (18) (20) (21) Outputs
Read VIL VIL 4V to 6V DOUT
Standby VIH Don't Care | 4V to6V Hi-Z
Byte Erase VIL VIH 20V to 22V | DIN=VIH
Byte Write VIL VIH 20V to 22V DIN
Chip Erase VIL 9V to 15V | 20V to 22V DIN=
(Note 11) ) Don't Care
E/W Inhibit VIH Don't Care | 4V to 22V Hi-Z
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Device Operation (continued)

READ MODE

Both CE and OE must be at logic low levels to obtain infor-
mation from the device. Chip enable (CE) is the power con-
trol pin and could be used for device selection. The output
enable (OE) pin serves to gate internal data to the output
pins. Assuming that the address inputs are stable, ad-
dress access time (tacc) is equal to the delay from CE to
output (tgg). Data is available at the outputs after a time
delay of tgg, assuming that CE has been low and ad-
dresses have been stable for at least tacc-13E.

CHIP ERASE MODE

Should one wish to erase the entire NMC9716M array at
once, the device offers a chip erase function. When the
chip erase function is performed, all 2k bytes are returned
to a logic 1 (FF) state.

_The NMC9716M’s chip erase function is engaged when
the output enable (OE) pin is raised above 9V. When OE is
greater than 9V and CE and VPP are in the normal write
mode, the entire array is erased. This chip erase function
takes approximately 10 ms. The data input pins are don’t
care during this time to allow for ease in chip erase.
Figure 3 is an example for an OE control switch,

VPP PULSE

If using VPP to write or erase, the shape of the VPP pulse
can rise to 21V through an RC waveform (0 us-750 us
time constant), such as the NMC2816M, or a linear ramp
(0 15-750 ps). There is no restriction on the rising edge of
VPP if using CE to write or erase.

Figure 4 shows an example for a VPP switch design,
useful where programming will occur over the specified
temperature and operating voltage conditions.

WRITE MODE

The NMC9716M is erased and reprogrammed electrically

rather than optically, as opposed to EPROMs which re-
quire UV light. The device offers dramatic flexibility
because both byte (single location) and chip erase are
possible.

To write a particular location, that byte must be erased
prior to a data write. Erasing is accomplished by applying
logic 1 (TTL high) inputs to all 8 data input pins, lowering
CE, and applying a 21V programming signal to VPP or rais-
ing VPP to 21V and applyinga TTL low pulse to CE. The OE
pin must be equal to or below VIH during byte erase and
write operations. The programming pulse width must be a
minimum of 9 ms, and a maximum of 15 ms. Once the loca-
tion has been erased, the same operation is repeated fora
data write. The input pins in this case reflect the byte that
is to be stored.

[

%

CHIP
ERASE

—O 70 OE PIN OF NMC9716M

TUDIS1958

FIGURE 3. OE Chip Erase Control

24V

ERASE/WRITE

TO VPP PIN
" OF NMC9716M

< R
>
S0

< R2
>
i» 470

(WRITE/RD)

TUD/5195-9

FIGURE 4. VPP Switch Design with Electronic Shutdown for' CE Pulsed Erase/Write
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NMC9716M

Device Operation (continued)

A characteristic of all E2PROMs is that the total number of
erasel/write cycles is not unlimited. The NMC9716M has
been designed to meet applications requiring up to 1 x 104
erasel/write cycles per byte. The erase/write cycling char-
acteristic is completely byte independent. Adjacent bytes
are not affected during erase/write cycling.

Because the device is designed to be written in-system, all
data sheet specifications (including write and erase
operations) hold over the full operating temperature range
(~-55°C to +125°C).

OUTPUT ORTYING

Because NMC9716Ms are usually used in larger memory
arrays, a 2-line control function is provided that accommo-
dates this use of multiple memory connections. The 2-line
control function allows low power dissipation (by dese-
lecting unused devices) and the removal of bus contention
from the system environment.

To most effectively use these two control lines, it is recom-
mended that CE (pin 18) be decoded from addresses as the
primary device selection function. OE (pin 20) should be
made a common connection to all devices in-system, and
connected to the RD line from the system control bus. This
assures that all deselected memory devices are in their
low power standby mode and that the output pins are only
active when data is desired from a particular memory
device.

STANDBY MODE

The NMC9716M has a standby mode which reduces active
power . dissipation by 55% from 800 mW to 360 mW
(ICC + IPP). The NMC9716M is placed in the standby mode
by applying a TTL high signal to the CE input. When in the
standby mode, the outputs are in a high impedance state,
independent of the OE input.
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National
Semiconductor

PRELIMINARY

NMC9817 16,384-Bit (2k x 8) EPROM

General Description

The NMC9817 is a fast 5V-only E2PROM which offers many
desired features, making it ideally suited for efficiency
and ease in system design. The added features on the
NMC9817 include: 5V-only operation provided by an on-
chip Vpp generator during erase-write; address and data
latches to reduce part count and to free the microproces-
sor while the chip is busy during erase-write; ‘Ready’ line
indicator to indicate status of chip to the microprocessor;
and automatic erase before byte-write. It can meet appli-
cations requiring up to 10° write cycles per byte. The
NMC9817 is a product of National’s advanced E2PROM
stepper technology and uses the powerful XMOS™ proc-
ess for reliable, non-volatile data storage.

The NMC9817 sharply minimizes the interfacing hardware
logic and firmware required to perform data writes. The
device has complete self-timing which leaves the proc-
essor free to perform other tasks until the NMC9817 sig-
nals ‘ready’. With an automatic erase before write, the user
benefits by saving an erase command contributing to effi-
cient usage of system processing time. On-chip address
and data latching further enhances system performance.

The NMC9817's very fast read access times make it com-
patible with high performance microprocessor applica-
tions. It uses the proven two line control architecture
which eliminates bus contention in a system environment.
Combining these features with the NMC9817's open-drain
‘Ready’ signal makes the device an extremely powerful,
yet simple to use, E2PROM memory.

The density, and level of integrated control, make the
NMC9817 suitable for users requiring minimum hardware
overhead, high system performance, minimal board space
and design ease. Designing with and using the NMC9817
is extremely cost effective as the required high voltage
and interfacing hardware required for other E2PROM
devices has been eliminated by 5V-only operation and on-
chip latches. See Figures 1, 2, and 3 for the NMC9817
block diagram, pinout, and simple interface requirements.

Features

B Single 5V supply (eliminates an external 21V Vpp)
- Self-timed byte-write with auto erase
B No external capacitor or pulse shaping circuits
B On-chip address and data latches
B Two line output control
B TRI-STATE® outputs
B RDY pin indicator
B Fast byte-writing
Write cycle (2 ms typical)
E/W cycle (4 ms typlcal)

B Very fast access times
NMC9817-20—200 ns
NMC9817-25—250 ns
NMC9817-35—350 ns
B Direct microprocessor interface capability
M No support components needed
B Reliable E2PROM XMOS stepper technology

Block and Connection Diagrams

Dual-In-Line Package

Y/
Y DATA INPUTS/QUTPUTS Fnu'gy—1 ! ) 2= vie
Vee Vep GENERATOR 1a/00-11/07
—_— *r NC—2 21 f—WE
GND I
—3 26—
_ K : A7 6 }— NC
_ci INPUT LATCHES As —]4 25— pg
o CHIP ENABLE/OUTPUT s "
- ENABLE LOGIC A5 — — A9
WE M —l6 23f— NC
— AUTOMATIC WRITE TIMING '"":Jégé’;s" ut
RDY/BUSY ‘ B—7 NMC9817 2
-— AUTOMATIC ERASE LOGIC kgl
A —]8 E°PROM 21— a10
a—o 20}— TE
. Ap —{10 19f— 1/
JoREss : Y . Y GATING ' "
ADDRESS o o o/ " ‘ 18— 15/0,
INPUTS DECODER 0/0p — 5/05
LATCHES h/oy —12 , 17— 15/05
H X . 16,384-BIT l2/0 —13 16 [ 1a/04
. D . MAT
K DECODER H CELL MATRIX A I .
PinN FIGURE 1 TLDIs041 TOP ViEW TUDIS0412
n Names
A0-A10 Addresses lo-17 Data Inputs FIGURE 2
CE Chip Enable RDY/BUSY  Device Ready/Busy (Open-Drain Output) Order Number NMC9817J-20,
OE Output Enable NC No Connect NMC9817J-25 or NMC9817J-35
‘0g-07 Data Outputs NS Package Number J28A
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NMC9817

Absolute Maximum Ratings

-10°Gto +80°C
—-65°Cto +125°C

Temperature Under Bias
Storage Temperature

All Input or Output Voltages with +6Vto —0.3V
Respect to Ground
Lead Temperature (Soldering, 10 seconds) 300°C

Operating Conditions

Temperature Range
Ve Power Supply (Notes 2 and 3)

0°Cto +70°C
5V+5%

Note: Stresses above those listed under “Absolute Maximum Ratings’’ may cause permanent damage to the device. This is astress 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 ab-
solute maximum rating conditions for extended periods may atfect device reliability.

DC Electrical Characteristics Tp=0°C to 70°C, Ve = 5V = 5% (Notes 2 and 3)

Symbol Parameger Conditions Min (N?t,: 1) Max ’ Units

READ OPERATION .
Iy Input Leakage Current Vin=5.25V 10 A
Lo Output Leakage Current Vout =5.25V 10 A
lcca | Vg Current (Active) OE=CE=V,_ 40 80 mA
lccs Ve Current (Standby) CE=Vy 12 - 25 mA
Vie Input Low Voltage -01 0.8 A
Vi Input High Voltage 2.0 . Veo+1 \Y
VoL | Output Low Voltage loL=2.1 mA 0.45 v
Vou Output High Voitage lop= —400 A 24 v

WRITE OPERATION

|ccw VCC. Current (Write) RDY/BUSY = Vo|_

0 | ‘s [ ma

Capacitance 1,=25°c, f=1MHz (Note 1)

‘ N X Typ .
Symbol Parameter Conditions Min (Note 1) Max Units
Cin Input Capacitance Vin=0V 5 10 pF
Cour Output Capacitance Vour=0V 10 pF
AC Test Conditions
Output Load 1TTLgateand C| =100 pF
Input Pulse Levels 0.45Vto2.4V
Timing Measurement Reference Level
Input 1Vand2v
Output 0.8Vand2v




Read Mode AC Electrical Characteristics 1,=0°c to 70°C, Ve =5V = 5% (Notes 2 and 3) <
NMC9817-20 NMC9817-25 NMC9817-35 8
Symbol Parameter Conditions Typ Typ Typ Units
Min (Note 1) Max Min (Note 1) Max Min (Note 1) Max :‘l
tacc |Address to Output CE=0E=V,_ 150 200 200 250 300 350 ns ’
Delay
tce |CEtoOutput Delay | OE=Vy 150 | 200 200 | 250 300 | 350 | ns
toe |Output Enable to CE=V_ 10 75 10 100 10 120 | ns
Output Delay
tpr  |Output Disable CEor0E=V,| © 80 0 100 0 100 | ns
to Output Float
ton [Output Hold from CE,OE=V,_ 0 0 0 ns
Addresses, CE or OE
Whichever Occurred
First
Switching Time Waveforms
Read
- = p
ADDRESSES —x ADDRESSES VALID 8
- —
facc
CE \ . Z
_____ b,
|t CE ——|
- /.
- by,
toF
toe =" (notE 4)
VALID
OUTPUT ouTPUT
TLIDi5041.3
Write Mode AC Electrical Characteristics 1, = 0°C to 70°C, Vec = 5V + 5% (Notes 2 and 3)
Typ
Symbol Parameter Conditions Min Max Units
(Note 1)
tas Address to Write Set-Up Time 20 ns
tcs CE to Write Set-Up Time 20 ns
twe Write Pulse Width 100 ns
tan Address Hold Time 50 ns
tos Data Set-Up Time OE=Viy 50 ns
ton Data Hold Time OE=V 20 ns
tcu CE Hold Time 20 ns
tos Time to Device Busy 120 ns
twr Byte-Write Cycle Time 4 10 ms
Note 1: This parameter only sampled and not 100% tested.
Note 2: To prevent spurlous device erase or write, WE or CE = V;y must be applied simultaneously or before application of Vgc. WE or CE =V must be
removed simuitaneously or after V.
Note 3: To prevent damage to the device it must not be inserted into or removed from a board with power applied.
Note 4: tpF Is specified from OE or CE, whichever occurs first.
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Switching Time Waveforms (continued)

Write

ADDRESSES

‘)V

tan

fte——tpg ————ta—twp —»| t

Din

RDY/BUSY

Device Operation

The NMC9817 has 4 modes of user operation which are
detailed in Table |. All modes are designed to enhance the
NMC9817’s functionality to the user and provide total
microprocessor compatibility.

TABLEI Vgg =5V

TL/DI5041-4

WRITE MODE

The NMC9817 is programmed electrically in-circuit, yet it
provides the non-volatility usually obtained by optical
erasure in EPROMS and by batteries with CMOS RAM.
Writing to non-volatile memory has never been easier as
no high voitage, external latching, erasing or timing is
needed. When commanded to byte-write, the NMC8817
automatically latches the address, data, and control sig-
nals and starts the write cycle. Concurrently, the ‘Ready’
line goes low, indicating that the NMC9817 is busy and

pinl—] — [ - : that it can be deselected to allow the processor to perform
Mode CE[ OE |WE|lp/Og-1;/07|RDY/BUSY other tasks. The Ready/Busy signal is an open-drain out-
i put. During the write, a high Vpp is generated on-chip to
Read Vil Vie IViil  Dour Hi-Z perform an automatic byte-erase, then write.
Standby |[Viyy X | X Hi-Z Hi-Z As a precaution against spurious signals which may
Write Vil Vg | Din VoL cause an inadvertant write cycle, or interfere with a valid
B X X X HizZ v signal, it is recommended that a pullup resistor be used
usy » - oL on the WE pin, pin 27 (see Figure 4).
\J
FROM DECODER =————} TE Vee =5 Voc
FROM RD ———>[0E 1 cog17
_ __ E’PROM
FROM WA —————b} WE
* T0 INTERRUPT ¢=————3 RDY/BUSY

|
AD-A10 ﬁ
. 19/0g-17/07 ﬁ

SYSTEM

AD-A

lo/00-17/07 GND

10

1

NMC9817

REQUIREMENTS  REQUIREMENTS

TL/D/5041-5

FIGURE 3. Simple NMC9817 Interface Requirements
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Veo

R=4K T0 10 KQ

TUD/5041-8

FIGURE 4. Pullup R on WE

Device Operation (continueq)
READ MODE

One aspect of the NMC9817’s high performance is its very
fast read access time—typically less than 200 ns. Its read
cycle is similar to that of EPROMS and static RAMs. It
offers a two line control architecture to eliminate bus con-
tention. The NMC9817 can be selected using decoded
system address lines to CE and then the device can be
read, within the device selection time, using the proc-
essor’s RD signal connected to OE.

STANDBY MODE

The NMC9817 has a standby mode in which power con-
sumption is reduced by 70%. This offers the user power
supply cost benefits when designing a system with
NMC9817s. This mode occurs when the device is desel-
ected (CE = V|u). The data pins are put into the high imped-
ance state regardless of the signals applied to OE and WE
concurrent with the reading and writing of other devices.

SYSTEM IMPLEMENTATION AND APPLICATION

The NMC9817 is compatible with industry standard micro-
processors. It requires no interface circuitry and no sup-
port circuitry.

The NMC9817 is ideal for non-volatile memory require-
ments in applications requiring storage of user defined
functions, calibration constants, configuration param-
eters and accumulated totals. Soft key configuration in a
graphics terminal is an example where user defined func-
tions, such as protocol, color, margins and character fonts
can be keyed in by the user. Calibration constants could be
stored by the NMC9817 in the smart interface for arobot’s
axis of movement. Movement constants, compensation
algorithms and learned axis characteristics can be stored.
In programmable controllers and data loggers, configura-
tion parameters for polling time, sequence and location,

could be stored in the NMC9817. Accumulated totals for
dollars, energy consumption, volume and even the logging
of service done on computer boards or systems can be
stored in the NMC9817.

The NMC9817 is cost effective for lower density EZPROM
applications and can therefore be used to provide a lower
system cost to the user compared to the 2816 or 2817. The
user will find that tangible cost savings per system in-
clude: board space and component reductions, reduced
assembly costs, savings in inventory costs, handling
costs and quality assurance. The designer will find the
NMC9817 reduces design time by a sizable factor over the
2816 or 2817 due to the integration of timing, logic, latch-
ing and 5V-only operation.

The NMC9817 will also open up new applications in en-
vironments where flexible parameter/data storage could
not be implemented before. For example, applications
with board space constraints are ideal for the NMC9817.
Several NMC9817s canreside in the same space as one (1)
2816 with its support circuits. This is due to the reduction
of all components required including the Vpp generator.

WRITE TIME CHARACTERISTICS

The NMC9817’s internal write cycle contains an auto-
matic erase feature. The 2816 does not have this capabil-
ity and must be given an external erase cycle prior to a
write. Typically, these devices will write in times less than
9 ms, but the worst-case bit defines the minimum specifi-
cation.

The NMC9817’s internal cycle consists of an automatic
2 ms (typical) erase followed by a 2 ms (typical) write. The
total cycleis then typically 4 ms. This cycleis the time that
‘Ready’ is held low by the device. The NMC8817 maximum
specification is 10 ms.
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NMC98C64A

National
Semiconductor

PRELIMINARY

microCMOS

NMC98C64A, 65,536-Bit (8K x 8) EZPROM

General Description

The NMC98C64A is a 5V-only CMOS E2PROM with desira-
ble ease-of-use features that facilitate in-circuit program-
ming using a single supply and TTL-level signals. In addi-
tion, the NMC98C64A is operationally compatible with
present high density EPROMs which require high voltage
programming and UV erasing. The NMC9864A is a state-
of-the-art product that uses the advanced microCMOS
stepper-based technology. The process is an enhance-
ment of the proven XMOS™ process for reliable, non-
volatile data storage.

Writing data into NMC98C64A is analogous to writing to
a SRAM. A 100-ns min TTL pulse to the WE pin initiates a
byte write operation which is automatically timed out. Ad-
dress and data latches free the system bus for the dura-
tion of the write. Ready/busy facilitates service by provid-
ing an interrupt to the controller; an open-drain output
facilitates “wire-OR” connection in larger systems. .

A 32-byte page write allows data to be accepted at an ef-
fective rate of 300 us/page, or 2.6 seconds to write an en-
tire chip. An optional chip erase feature is also available.

The NMC98C64A also features data polling, a new feature
that enables the E2PROM to signal the processor that a
write operation is done, without requiring any extra hard-
ware. :

Ready/busy interrupt output is another feature that en-
ables the processor to know that a write operation is over.
This employs an otherwise no-connect pin 1.

Features
The NMC98C64A offers the following smart features:

Simple byte and page write ___
— Single TTL-level, RAM-like WE
— Address and data latches
— Page mode write up to 32 bytes per page
— DATA polling verification
— Internal auto erase
— On-chip timer
— Optional chip erase
— Ready/busy open-drain interrupt output
— Write protection
Byte or page write: 10 ms maximum
— Effective 300 us/write page
— Entire chip write: 2.6 seconds
Fast access time: 250 ns maximum
Low CMOS power: 10 mA, active
100 xA, standby
Single 5V supply .
28-pin JEDEC-approved byte-wide pin-out

Connection Diagram

READY/BSY _1] N\ 28 Vo
A _2_1 27 WE
A 3 - M MODE SELECTION
As 4 25 Ag | — | —
* = — CE|OE |WE| Mode wo | Readyl| pouer
As _S5] 124 Ay Busy
M_s 23 A Lt Read Dour | HiZ | Active
h_1 22 O L{H Lf Write Din 0 Active

NMC98C64A Standby and ; i
A _8] 8K x 8 21 An H | X | X Write Inhibit Hi-Z Hi-Z -| Standby
M 20 CE X | L | x [writeinhibit] — Hi-Z -
Ao 10 1907 X | X | H | Wwrite Inhibit — Hi-Z —
10y _11} 18_ 1I0g L |Vog| L | ChipErase | Diy=H | Hi-Z | Active
110y 12| 17_ 1105 L L H DATA 1107=1* 0 Active
1, 16 10s Polling 110;=1; 1 Active
] — *During write cycle, ¥Oq through I/O; are Hi-Z.
vss 14| 15 1103 .
TUDI7514-1

NS Package Number J16A
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Block Diagram

1700 1/03 /05 /0y

GND O—p W0p /0 WOy 1/0g
i o) IRRRSREN!
o Vep GENERATOR ¢ ¢
08 0 nm BUFFERS
WE O—p] CONTROL LOGIC AND LATCHES
RDY/BUSY =i
v a»
A :3;,‘,’;‘5'; Y DECODERS
M BUFFERS 1)
As
Ag
:; ROW X 8Kx8
ADDRESS E2PROM
P BUFFERS DECODERS ARRAY
10
An
A2
REDUNDANT |,
X > 4 REDUNDANT ROWS
DECODERS >
v TUD7514-2
DEVICE OPERATION WRITE ENABLE (WE)

Addresses (Ag-A42)
E2PROM bytes are selected for reading or writing by the
address pins.

CHIP ENABLE (CE)

A device is selected when CE is LOW. Power is reduced to
less than .1% during disable when CE is HIGH.

DATA-IN/DATA-OUT (1/0¢-1/0;)

Data is written into or read from a selected device through
the I/O pins. The 1/O pins are in the high impedance state
when CE is HIGH, or when OE is HIGH.

OUTPUT ENABLE (OE)

Reading data from the NMC98C64A is similar to reading
data from a static RAM. Data is read from a selected
device with WE HIGH and OE LOW.

NMC98C64A uses a 2-line output control architecture to
eliminate bus contention in a system environment. The
1/0 pins are in a high impedance state whenever OE or CE
is HIGH.

Writing data to the NMC98C64A is similar to writing data
into a static RAM. A LOW-going WE pulse applied to a
selected device with OE HIGH initiates a cycle that writes
data at the 1/0 pins into a location selected by the ad-
dress pins. A byte write cycle once initiated will automat-
ically continue to completion in 5 ms typically. During a
byte write cycle, addresses are latched on the last falling
edge of CE or WE; data is latched on the first rising edge
of CE or WE. System design is greatly simplified, since
writing requires only a single 5V supply and a single TTL-
level WE signal. Addresses and data are conveniently
latched in less than 100 ns during a byte write. As a pre-
caution against spurious signals which may cause an in-
advertant write cycle, or interfere with a valid signal, it is
recommended that a pullup resistor be used on the WE
pin, pin 27 (see Figure 1).

AUTOMATIC PAGE WRITE

The page write feature of NMC98C64A allows 1 to 32
bytes of data to be written into the E2PROM in a single
write cycle. Following a byte write signal to the E2PROM,
the user has 300 s to write 0-31 additional bytes of data
into the E2PROM, providing that the byte addresses are
on the same 32-byte page in memory. This page mode al-
lows the entire NMC98C64A to be rewritten in 2.6 sec-
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NMC98C64A

onds. A page is defined by addresses A5§A12. The 32
bytes within the page are defined by Ag-A4. All bytes to
be written must be loaded within the first 300 us after ini-

tiating the write of the first byte. All subsequent writes.

during the page load cycle must go to the same page (ad-
dresses As-A,) as the first byte. The bytes may be writ-
ten in any order. o :

OPTIONAL CHIP ERASE.

Ali data can be written to “1”, the erase state, in a chip
erase cycle by raising OE to 15 volts and bringing WE low
while holding all data inputs high.

DATA POLLING

The NMCO8CB4A features DATA polling to signal the
completion of a byte or page write cycle. During a write
cycle, an attempted read of the last byte written results in
the data complement of that byte at 1/0;. After comple-
tion of the write cycle, true data is available. DATA potliing

NMC98C64A

allows a simple read/compare operation to determine the
status of the chip, eliminating the need for external hard-
ware.

WRITE PROTECTION

There are three features that protect the nonvolatile data

from an inadvertent write. )

* Noise Protection — A WE pulse of less than 20 ns will not
initiate a write cycle.

* Ve Sense—When the Vg is approximately 4 volts, all
functions are inhibited. __ L .

* Write Inhibit — Holding OE fow, WE high, or CE high,
inhibits a write cycle during power-on and power-off
(Veo)-

ENDURANCE

National Semiconductor E2PROMs are designed for appli-
cations requiring up to 10,000 write cycles per byte.

Veo

R=4K T0 10 KQ

TUDI7514-3

FIGURE 1
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Threshold Bit Mapping in
EEPROMs (NMC2816)

Threshold bit mapping is designed to monitor the endurance
of an E2PROM cell after a large (>105) number of erase/
write cycles. The technique calls for monitoring the cell cur-
rent of a bit under identical voltage, timing and temperature
conditions and repeating the same after x-number of erase/
write cycles. On a ‘good’ cell the variation in cell current will
be no more than a few (= 2uA) microamps over 10,000
cycles under typical conditions of Vcc = Vpp = 5V

Temp = 25°C
Vin = 2V
Timing = same for each case

On a cell approaching ‘wear out' a much larger variation
would be noticed in the cell current. The variation could be
in either direction depending on the nature of conductive
degradation -of the thin tunnel oxide as a result of free
charge trapping in the insulation which is a gradual phenom-
ena.

Figure 1 shows a piot of Vig and Vi vs number of erase/
write cycles. The cell current under both erased and write
conditions will hold pretty stable in the flat region.

It must be noted that identical conditions of measurement
are very important. The actual value of Vpp and erase/write
pulse width must be kept the same prior to measurement.

The NMC2816/9716 are designed with a special test mode,
which allow connecting each of the outputs with its respec-
tive bit. In this mode each 1/0 pin gets connected to the
drain of the cell transistor allowing a cell-current measure-
ment of the respective bit in the addressed byte.

Figure 2 shows the threshold bit mapping circuit for a single
bit. To put the NMC2816/9716 in the threshold bit mapping
mode, the following set up is required:

National Semiconductor
Application Brief 5

Masood Alavi, Sr. Apps. Mgr.
February 1983

Vee = Vpp = 5V & (5%)

OE = Vi = Logic 1 state

CE = 20V

addresses =~ selected locations

170 = force 2V measure current in pAmps

Ta = constant = 25°C (arbitrary)

The cell current of any number of desired bits can be mea-
sured in an erased and written state. In the ‘erased’ state
negligible current will exist till the onset of wearout. In the
‘written’ state a low magnitude current (of 50-60uA) will be
measurable till the onset of wearout. It is important that the
amplitude and pulse width of erase/write pulse prior to mea-
surement remains identical for all measurements. The mea-
surements can be repeated over a number of erase/write
cycles and plotted against the same. At the onset of wear-
out there will be a radical change in the monitored currents;
the erased state current will increase in magnitude while the
written state current will falt in magnitude.

It is also possible to calculate Vig and Vi, from the cell
current measurements and plot against erase/write cycles.
It must be noticed that the resuitant values are at best intel-
ligent approximations designed to give an insight into the
wearout phenomena due to erase/write cycles. At present
the threshold bit mapping technique remains an observation
technique. The purpose of this technique is to study the
wearout phenomena and its effects in EEPROMS. It is how-
ever not recommended as a screening technique at pres-
ent.

sl & VTE
[
- \
= A
= L
0 - /
= w
4 I I I 1 AL
10 102 18 14 105 108

FIGURE 1. ERASE/WRITE Cycles

TL/D/5191-1
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I
PAD

PGM
FROM 1
I/OLINE =
> ARRAY " rﬁ‘— INPUT BUFFER
PEM e o—
c—E._.__D——I TCORE
HIGH TRIP POINT
AND GATE
TRISTATE®
OUTPUT BUFFER
OF (TTL HIGH)

FIGURE 2. Threshold Bit Mapping Circuitry

TL/D/5191-2
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Protecting Data in the
NMC9306/COP494 and
NMC9346/COP495 Serial
EEPROMs

The NMC9306/COP494 and NMC9346/COP495 are non-
volatile serial access memories with the following salient
features:

* Low cost

¢ Single supply read/write/erase operation (5V + 10%)

e TTL compatible

¢ MICROWIRE™ compatible 1/0

* 16x 16 serial read/write memory (NMC9306/COP494)
64 x 16 serial read/write memory (NMC9346/COP495)

Self-timed programming cycle (NMC9346/COP495 only)

Ready/busy status signal during programming
(NMC9346/COP495 only)

¢ Read-only mode

The read-only mode is provided to prevent accidental data
disturb, especially during Vce power up, power down or
excessive noise on the /O or power supply pins.

Executing the EWDS instruction (Figure 1) activates this
mode by disabling the programming modes and the high
voltage pump. The READ instruction is not affected and can

National Semiconductor
Application Brief 15
Asim Bajwa

May 1984

be executed as usual. However, all programming instruc-
tions (ERASE, WRITE, ERAL and WRAL) are ignored until
the EWEN instruction is executed to enable programming.

On V¢ power up the device is designed to automatically
enter the read-only mode to avoid accidental data loss due
to power up transients. Putting the device in the read-only
mode before powering down V¢ avoids spurious program-
ming during power down.

The following guidelines are presented and should be incor-
porated into the user’s designs to achieve the maximum
possible protection of stored data (Figure 2):

1) The device powers up in the read-only mode. However,
as a backup, the EWDS instruction should be executed
as soon as possible after Ve to the EEPROM is pow-
ered up to ensure that it is in the read-only mode.

2) Immediately preceding a programming instruction
(ERASE, WRITE, ERAL or WRAL), the EWEN instruc-
tion should be executed to enable the device for pro-
gramming; the EWDS instruction should be executed
immediately following the programming instruction

S LML

EWEN
EWDS

ot

\ STANDBY

o/ N\ oL

ENABLE=11
DISABLE=00

TUDI70851

FIGURE 1. EWEN, EWDS Instruction Timing

MAIN POWER SUPPLY
-

4.5V-5.5V

1

Vee

INSTRUCTION EWDS|

EWEN PROGRAM
(ERASE, WRITE,

ERAL OR WRAL)

5.5V = Veo = 45V :
memmso ON CAPACITOR

EWDS EWEN PROGRAM L_JEwDS’

TUD/7085-2

“EWDS must be executed before V¢ drops below 4.5V to prevent accidental data loss during subsequent power down

and/or power up transients.

FIGURE 2. Typical Instruction Flow for Maximum Data Protection
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to return the device to the read-only mode and protect
the stored data from accidental disturb during subse-
quent power transients or noise.

3) Special care must be taken in designs in which pro-
gramming instructions are initiated to store data in the
EEPROM after the main power supply has gone down.
This is usually accomplished by maintaining V¢ for the
EEPROM and its controller on a capacitor for a suffic-
ient amount of time (approximately 50 ms, depending on

the clock rate) to complete~these operations. This
capacitor must be large enough to maintain Vgc
between 4.5 and 5.5 volts for the total duration of the
store operation, INCLUDING the execution of the EWDS
instruction immediately following the last programming
instruction. FAILURE TO EXECUTE THE LAST EWDS
INSTRUCTION BEFORE Vcc DROPS BELOW 4.5
VOLTS MAY CAUSE INADVERTENT DATA DISTURB
DURING SUBSEQUENT POWER DOWN AND/OR
POWER UP TRANSIENTS.
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EEPROM Application Note
Vpp Generation on Board

The NMC2816 requires a 21V pulse for writing and erasing.
The rise time on the pulse going from 5-21V is to be 600us
ideally. The NMC 9716 requires a stable 21V. This applica-
tion note discusses two methods of generating the required
Vpp voltage or the high level pulse from a 5V supply.

The first method shows how to generate 21V from a single
5V supply using an LM3524 switching voltage regulator, a
power inductor and a number of capacitors as the main ac-
tive elements. The principle involved is explained by the cir-
cuit of Figure 1.

Vin

National Semiconducter
Application Note 328
Massood Alavi, Sr. Apps Mgr
February 1983

THE STEP-UP SWITCHING REGULATOR

Figure 1 shows the basic circuit for a step-up switching reg-
ulator. In this circuit Q1 is used as a switch to alternately
apply V|N across inductor L1. During the time, ton. Q1 is ON
and energy is drawn from V| and stored in L1:D1 is reverse
biased and I, is supplied from the charge stored in Co.
When Q1 opens during togf, voltage V1 will rise positively
to the point where D1 turns ON. The output current is now
supplied through L1,D1 to the load and any charge lost from
C, during ton is replenished. Here the current through L1
has a DC component pius some Al. Al is selected to be
approximately 40% of 1. Figure 2 shows the inductor’s cur-
rent in relation to Q1's ON and OFF times.

i

\j

n.l 8]

w1

o L

0’} Vsar

D1 o

—_— 3
Vo t

TL/D/5152-1

FIGURE 1. Basic Step-Up Switching Regulator

~N

2~

/ =40% h(0c)

L lyoc)

N

T —

\/__.__I

vi

=0V

ton toFF—|
T

TL/D/5152-2

FIGURE 2. Voltage and Current Waveforms at V1
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The following equations are derived to give the reader a
theoretical understanding of the operation.

v T

Vi
From Al = - Al t= —'—t—?—”

(Vo—ViN)loFE

and Al — = 01

Since AlL* = & ~, Vinton = Votorr — VINOFF,

and neglecting Vsat and Vpq

ton
Vo=V (1+——)
o= VN toFF

The above equation shows the relationship between Vi, Vo
and duty cycle.

In calculating input current liy(pc), which equals the induc-
tor's DC current, assume first 100% efficiency:

PN = linpC)VIN

Pout = loVo = lo v,N(1 + M)
torF

for n = 100%, Poyt = PiN

ton )
lo V| (1 + = =| V|
b VIN torr) ~ MO0 ViN

'IN(DC) = |°(1 + Etor-'lF)

This equation shows that the input, or inductor, current is
farger than the output current by the factor (1 + ton/torr)-
Since this factor is the same as the relation between V, and
Vin. Iinc) can also be expressed as:

V,
inepe) = |o(ﬁ) 2.

So far itis assumed # = 100%, where the actual efficiency
or nmax will be somewhat less due to the saturation voltage
of Q1 and forward on voltage of D1. The internal power loss
due to these voltages is the average I_ current flowing, or
IiN, through either Vgat or Vp1. For Vgat = Vpy = 1V this
power loss becomes liypc) (1V). Tmax is then:

=P Volo
MAX = 5

N Volo + IIN(1V)

ton
Volo+l (1 +———)
oo torr/.

From Vo = V|N(1 + %)Fu)'
F
__ Vi
Tmax Vin+ 1 3.

This equation assumes only DC losses, however nmax is
further decreased because of the switching time of Q1 and
D1.

In calculating the output capacitor C,, it can be seen that C,
supplies |y during ton. The voltage change on C,, during this
time will be some AV; = AV, or the output ripple of the
regulator. Calculation of C, is:

I
lolon .

!
AV, = © Co = oton
Co

AV,
T VN
From Vo =V, (—) = 2T
o N orr toFF Vo

1
where T = ton + tofpr = ?

Vo~V
ton=T- Vﬂr = T(—"——"‘—') therefore:
Vo Vo
Vo ~ VIN)
I T(——°
Co = ° Vo - 1o(Vo — ViN) 4
° AV, fAVoVo )

where: C, is in farads, f is the switching frequency,
AV, is the p-p output ripple
Calculation of inductor L1 is as follows:

_ Vinton
AL+’

L1 since during ton,
V|n is applied across L1

v,
Alpp = 0.41 = 0.4k = 0'4"’(7%)' therefore:

V| Ti -V
1= —INON o1 since toy = T — Vi
0 410(——‘-’—) Vo
VIN
L1 = 28ViNeVo — Vin)
f1Vo2 5.

where: L1 is in henrys, f is the switching frequency in Hz
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To apply the above theory, a complete step-up switching
regulator is shown in Figure 3. Since V| is 5V, VRer is tied
to ViN. The input voltage is divided by 2 to bias the error
amplifier’s inverting input. The output voltage is:

R2 R2
= + — = 2, —_ 3
Vout (1 R1).VINV 25(1+R1) 6,

The network D1, C1 forms a slow start circuit. This holds the
output of the error amplifier initially low thus reducing the
duty-cycle to a minimum. Without the slow start circuit the
inductor may saturate at turn-on because it has to supply
high peak currents to charge the output capacitor from OV.
It should also be noted that this circuit has no supply rejec-
tion. By adding a reference voltage at the non-inverting in-

Using equation 1 any desired supply voltage can be gener-
ated at V,, by selecting a suitable value for Ry. If Ry is a pot
in the 25K-50K range, it can be used to set V, from 15V-
27.5V. For standard E2PROM and EPROM applications this
range is very suitable for Vpp set up. Table 1 shows various
values of R for corresponding values of V.

WNT[— —_——

L4
S24k

1 TO NON-INVERTING

> inrut oF tM3524

b LM33s
} (Vz~2.40V)

put to the error amplifier, see Figure 4, the input voltage TL/D/5152-4
variations are rejected. FIGURE 4. Voltage Reference
. R2
35K-47k
VOLTAGE ADJ
—AAA
A A A &
Vin o =
sV Vg =20V-26V
2%
N914
ViN T
VREF Ca P—ﬁ 2N2219
< R4
<
> 5k
N Cs
>
$Em 3
. < 5k i
- - VWV INV LM3524  Ea } | [+
10 4F 0.14F -
H -I- ._‘_. M 01 uf o 1_10“F
K3
VW Rt Eg
1
0.02,F 1;?914
1——‘ }-—— Cr GNp  COMP
S0k
+
0.001 4F g'“s
GND - _.L GND

TL/D/5152-3

FIGURE 3. A 5V-21V Vpp Voltage Generator Circuit for E2PROM Application
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TABLE | The current sourcing capability of V, can be made as high
R v as 500mA. If no more than 100mA are desired, T1 and 240
2 L ohms resistor can be replaced by Ty alone; the base of To
47K 26V should be connected to the node at base of T4; T2 collector
45K 25V and emitter should be left intact. 100mA is sufficient to sup-
43K 24V " port up to 20 NMC2816’s or NMC9716's.
41K 23V The Vpp voltage generated by the circuit of Figure 3, can be
39K 22V used to provide the E/W pulses on the NMC2816 or the
37K 21V stable Vpp on NMC9716. The 9V-15V needed for chip
35K 20V erase can also be generated. Figures 5, 6, 7 demonstrate
" how to achieve that.
&5 % 70 0F PN OF 2V ) LTS I > TO VPR PIN
|~ NMCS716/2816 OF NMCS716
: g :, 1]
10k <10k > 120
oy T—vw— Y 1 )
E—}—w 2N3904
1!“3
CHIP = ¥ > 1o
ERASE w2z : S
1.2k -
20y =
ERASE/WRi_TﬁE %
(WRITE/RD) l/
TL/D/5152-6
TL/D/5152-5 FIGURE 6. VPP Switch Design
FIGURE 5. OE Chip Erase Control . with Electronic Shutdown for CE
for NMC2816/NMC9716 : Pulsed Erase/Write for NMC9716
20V 4~
3.5k
N4TATA N5 ass
L8 2 [
= 4
Sk = o
<
" 1N914
’ | 284323
VPP CONTROL 0.05 4F ’
(WRITE/RD) N300 I- \TlgP PN
) : = N914 :/ OF NMC2816
= 2 sk
S
< 4%k
ﬁoh 1: 5k is 21V fine adjust. TL/D/5152-7

Note 2: Resistors are ¥W.

FIGURE 7. Operational Amplifier VPP Switch Design for NMC2816
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The following paragraphs outline a second method of gen-
erating a 21V pulse from a single 5V supply. Figure 8 shows
such a DC-DC converter circuit.

In the circuit, inductor L1 in conjunction with transistors Q1
& Q2 form a self driven 5-30V converter. Transitors Q3 &
Q4 are meant to strobe the converter allowing it to draw
power and run only when a TTL high is presented at the
input node A. Trace A, Figure 9 shows the signal to be ap-
plied at the input node. This makes the Q3-Q4 transistor
pair conduct biasing Q1 & Q2. Trace B, Figure 9 shows the
resultant waveform generated at node B, the collector of
Q2. As the converter runs, its output at node C rises to the
desired high voltage of 30V quickly. The output is lightly
filtered by the .1F capacitor. Trace C, Figure 9 shows this
waveform.

The voltage at node C is used to charge the 12k, .05pF
combination at the desired RC of 600uS. This signal cut off
at 21V by the Zener at the input to A1B is presented to the
amplifier A1B to be outputted to node D as the desired Vpp.
The amplitude and pulse shape is controlled by, setting the
cut-off Zener voltage in conjunction with the gain of A1B set
by R2. For example, if 7V Zener voltage is used for cut off a
gain of 3 will have to be set for A1B to geta 21V output pulse.

When the capacitor reaches the Zener cut off, the Zener
clamps, charging ceases and the circuit output sits at 21V.

When the signal at node A goes to TTL low, the open col-
lector output of comparator A1A clamps low, discharging
the .05 capacitor and getting the circuit ready for the next
pulse. Any EEPROM programming requirement can be met
by varying the gain of A1B, the time constant at its input
and/or the Zener value across the capacitor. Any TTL de-
tect value can be set by the voltage-divider on the A1A
comparator in this case set at about 1.5V.

Transistor Q5 is provided to source boosted output current.
Diode D6 is provided to hold the output or Vpp as close to
Vce as possible when 21V is not desired. A Ge or Schottky
diode must be used to optimize the diode forward drop at
<.2V. D5 is provided to maximize the reverse breakdown
from node D to base of Q5, when 21 volts is at node D.

Figure 9 shows the idealized signals generated at various
nodes. When the input at node A is at TTL low level, the
output D sits at 4.8V. As the input A goes to a TTL high level
the output D rises to 21V at RC of 600uS. The waveform at
node A may be derived from the CE by inverting the CE
signal. The resulting waveform at node D is used for Vpp.

05
GE DIODE/ SCHOTTKY
{0.2V DROP)

< <
> >
ok Jak

AT LM392

COMPARATOR

]
_ :O ’ OUTPUT

TL/D/5152-8

FIGURE 8. Vpp Pulse Generator Circuit

765

8CE-NV




AN-328

References: -
Circuit of Figure 3 is derived from NSC voltage regulator
application. -

Circuit of Figure 9 is from Electronic design, October 15,
1981.

“Design DC-DC converters to catch noise at source”
— J Williams.

ov
B sv T_Lr
o
30V ——
4
o
¥il'}
N e
4.8V

FIGURE 9. idealized Signals at Various Nodes

TL/D/5152-9
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Designing with the
NMC9306/COP494 a
Versatile Simple to Use
E2 PROM

This application note outlines various methods of interfacing
an NMC9306/COP494 with the COPS™ family of micro-
controllers and other microprocessors. Figures 1~-6 show
pin connections involved in such interfaces. Figure 7 shows
how paralleldata canbe convertedintoaserial formattobein-
putted to the NMC9306; as well as how serial data outputted
from an NMC9306 can be converted to a parallel-format.

The second part of the application note summarizes the key -

points covering the critical electrical specifications to be
kept in mind when using the NMC9306/COP494.

The third part of the application note shows a list of various
applications that can use a NMC9306/COP494.

GENERIC CONSIDERATIONS

A typical application should meet the following generic

criteria:

1. allow for no more than 10,000 E/W cycles for optimum
and reliable performance.

2. allow for any number of read cycles.

3. allow for an erase or write cycle that operates in the 10—
30 ms range, and not in the tens or hundreds of ns
range as used in writing RAMs. (Read vs write speeds
are distinctly different by orders of magnitude in
E2PROM, not so in RAMs.

National Semiconductor
Application Note 338
Masood Alavi

June 1983

4. no battery back-up required for data-retention, which is
fully non-volatile for at least 10 years at room-ambient.

SYSTEM CONSIDERATIONS

When the control processor is turned on and off, power
supply transitions between ground and operating voltage
may cause undesired pulses to occur on data, address and
control lines. By using WEEN and WEDS instructions in con-
junction with a LO-HI transition on CS, accidental erasing or
writing into the memory is prevented.

The duty cycle in conjunction with the maximum frequency
translates into having a minimum Hi-time on the SK clock. If
the minimum SK clock high time is greater than 1 us, the
duty cycle is not a critical factor as long as the frequency
does not exceed the 250 kHz max. On the low side no limit
exists on the minimum frequency. This makes it superior to

- the COP499 CMOS-RAM. The rise and fall times on the SK

clock can also be slow enough not to require termination up
to reasonable cable-lengths.

"Since the device operates off of a simple 5V supply, the

signal levels on the inputs are non-critical and may be oper-
ated anywhere within the specified input range.

‘&nf
Vee Vee ;'
CSle 00 o 0.05 4F
0 o cK | .
NMC(39306/ d COP420 . e
: 100 pF
copass 1. 0
GND

ﬁ Vss 0] L e—

L0-L7. GO-G3, D1-D3

TL/D/5286-1

FIGURE 1. NMC9306/COP494 — COP420 Interface
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Vee
Vee Vec CKO CKi |
00-07 L0-L7 s0
_ R X »{sx
7] o ™ Rl o je—eg
STANDARD ° I cop T
w® W ] iny PROCESSOR DO ——
W »]co ] »fsx L_ i
D S o ]
" RESEV RESET 02 N cS
In | o " T
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e
:'sx |
| o]
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TL/D/5288-2
FIGURE 2. NMC9306 — Standard uP Interface Via COP Processor
— .
PAO PORT A
AD7 ADY ol SaTS
| nmeeses
- AD13 »Jce  nscao P8O P":}s‘ BANK
NSCeot™ 55 w7 asr
cPy W of i 70] PCO PORTC
W PIWR  nimen  pes 68T
m‘/‘; > :«\nm/ a o be——— MRy
FESE ouT Jwen et TIMER-OUT
TL/D/5286-3
PAO — SK-

PA1 — DI/Do | Common toall 9306's

PA2-7 —  6CS for 6- 9306's

. §K is generated on port pins by bit-set and bit-clear operations in Asy trical duty cycle is not critical.
* CSis set In software. To generate 10-30 ms write/erase the timer/counter is used. During write/erase. SK may be turned off.

FIGURE 3. NSC800™ to NMC9306 Interface (also Valid for 8085/8085A and 8156)
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w
ADD W
DECOOE m
l + 3
00 DOCE C/D B/A NMCS306
D7IN"pataus P |07 A0 BANK 1
_M 8 BITS M ATIN PORTAI/0 (6)
i0RQ 10A
mkseeo  AO|  P/OCTAL "HES  mx3ser
280 & Wi 280/
[¥4]] - ; o
a L 80 NMC9306
BANK 2
< PORTB1/0 (6)
INTERRUPT
CONTROL LINES
3)
TL/D/5286-4
Z80-P10 9306
A0 SK ,
Al DI/DO Common to all 9306’s (Bank 1)
A2-A7 CS1-CS6
* Only used if priority interrupt daisy chain Is desired
. * Identical connection for Port B
FIGURE 4. 280 — NMC9306 Interface Using Z80-PiO Chip
DATA
P20 (414 ] 01
L NMCS306
P23 00 #
v I CLOCK
P16 ] SK cs1
KEYBOARD
P15 L)
| INSB048
P24 P1 —»]a L cs2
ol 27 74138 |
i M 8 DECODER |
<] DB
T P12 »c L—l-vcss
<« 088 L)
[a}]
10/
| NMC9306
00 #2
»f SK cs
T—Cs2
]
ol 1
I NMC9306 "
-4-100 #9
]
P| Sk s 1
‘
Cs9
TL/D/5286-5
* SK and DI are generated by software. It should be noted that at 2.72 ns/i 'The SK period achievablie will be 10.88 u.s or 92 kHz, well
within the NMC9306 frequency range.
* DO may be brought out on a separate port pin if desired.
FIGURE 5. 48 Series uP — NMC9306 Interface
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P20 P20 ——— s«
P21 P21 ]
pez pz P4 —E 00
P23 P23 st
INSB243
170
EXPANDER ps
]
PROG
[ 4]
ts Co j¢—————
At 60 f——e
a0 00 f——mp
c1 j¢—
gg INSB253 G fpmmm—— § TiMER 1/0
Q1] pre——
cz | h——
TL/D/5286-6
Expander outputs
Ot (common
sk) ¢ )
Port4’ CS1
Ccs2
Port 5-6 CS3-CS10
Port7 DO (COMMON)
FIGURE 6. 8048 1/0 Expansion
00y 007
NMCS306/ COPASA t I
Vo ——ai PN 8 oof— e | IARLEOUT
1
—plcs sk |e cLOCK
v .
. PARALLEL IN
J-__ PN 9 e L$165 SERIAL OUT
= LI
° 4 TL/D/5286-7

FIGURE 7. Converting Parallel Data into Serial Input for NMC9306/COP494
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TL/D/5286-8

FIGURE 8. NMC9306/COP494 Timing

Min Max
teycLe 0 250 kHz
DUTY CYCLE 25% 75%
tpis 400 ns
toiH 400 ns
tcss 200 ns
tcsH O ns
trDo 2us
tpD1 2ps
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THE NMC9306/COP494

Extremely simple to interface with any P or hardware logic.
The devuce has six pins for the following functions:

Pin1 cs* H! enabled

Pin2 SK Clock input for data bit
maneuvering

Pin3 DI For instruction or data
input

Pin4 DO** For data read TRI-STATE®
otherwise

Pin5 GND

Pin8 Vee For 5V power

Pins 6-7 No Connect No termination required

.

L2

Following an E/W instruction feed, CS is also toggled
low for 10 ms (typical) for an E/W operation. This inter-
nally turns the VPP generator on (HI-LO on CS) and off
(LO-HI on CS).

DI and DO can be on a common line since DO is TRI-
STATED when unselected DO is only on in the read
mode.

USING THE NMC9306/COP494

1.

The following points are worth noting:

SK clock frequency should be in the 0-250 kHz range.
With most pPs in the 1-11 MHz range this is easily
achieved when implemented in software by bit-set and
bit-clear instructions, which take 4 instructions to exe-
cute a clock or a frequency in the 100 kHz range for

standard uP speeds. Symmetrical duty cycle is irrele- -

vant if SK HI time is > 2 ps.

CS low period following an E/W instruction must not
exceed the 30 ms max. it should best be set at typical or
minimum spec of 10 ms. This is easily done by timer or a
software connect. The reason is that it minimizes the
‘on time’ for the high Vpp internal voltage, and so maxi-
mizes endurance. SK-clock during this period may be
turned oft if desired.

All E/W instructions must be preceded by EWEN and
should be followed by an EWDS. This is to secure the
stored data and avoid inadvertent erase or write.

A continuously ‘on’ SK clock does not hurt the stored
data. Proper sequencing of instructions and data on DI
is essential to proper operation.

Stored data is fully non-volatile for up to ten years inde-
pendent of V¢c, which may be on or off. For all practical
purposes any number of read cycles have no adverse
effects on data retention.

Up to 10,000 E/W cycles/register are possible. Under
typical conditions, this number may actually approach 1
million. For applications requiring .a large number of cy-
cles, redundant use of internal registers beyond 10,000
cycles is recommended.

Data shows a fairly constant E/W Programming behav-
ior over temperature. In this sense E2PROMs supersede
EPROMSs which are restricted to room temperature pro-
gramming.

10.

11.

12.

As shown in the timing diagrams, the start bit on DI must
be set by a ZERO - ONE transition following a CS en-
able (ZERO - ONE), when executing any instruction.
ONE CS enable transition can only execute ONE in-
struction.

In the read mode, following an instruction and data train,
the DI can be a don't care, while the data is being out-
putted i.e., for next 17 bits or clocks. The same is true
for other instructions after the instruction and data has
been fed in.

The data-out train starts with a dummy bit 0 and is termi-
nated by chip deselect. Any extra SK cycle after 16 bits
is not essential. If CS is held on after all 16 of the data
bits have been outputted, the DO will output the state of
DI till another CS LO-Hi transition starts a new instruc-
tion cycle.

When a common line is used for DI and DO, a probable
overlap occurs between the last bit on DI and start bit
on DO.

After a read cycle, the CS must be brought low for 1 SK
clock cycle before another instruction cycle can start.

INSTRUCTION SET
Commands Opcode Comments
READ 10000A3A2A1A0  Read Register 0-15 -
WRITE 11000A3A2A1A0  Write Register 0-15
ERASE 10100A3A2A1A0  Erase Register 0-15
EWEN 111000 0 0 1 Write/Erase Enable
ENDS 111000 0 1 O Write/Erase Disable
***WRAL 111000 1 0 O Write All Registers
ERAL 111000 1 0 1 Erase All Registers

All commands, data in, and data out are shifted in/out on
rising edge of SK clock.

Write/erase is then done by pulsing CS low for 10 ms.

All instructions are initiated by a LO-HI transition on CS fol-
 lowed by a LO-HI transition on DI.

READ — After read command is shifted in

DI becomes don’t care and data can
be read out on data out, starting
with dummy bit zero.

WRITE — Write command shifted in followed by

data in (16 bits) then CS pulsed low
for 10 ms minimum.

ERASE

ERASE ALL — Command shifted in followed by
WRITE ALL — Pulsing CS low for 10 ms.
WRITE

ENABLE/DISABLE — Command shifted in.

*** (This Instruction is not speced on Data sheet.)
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The following is a list of various systems that could use a

NMC9306/COP494

A

TErxe-

Airline terminal

Alarm system

Analog switch network
Auto calibration system
Automobile odometer *
Auto engine control
Avionics fire control
Bathroom scale

Blood analyzer

Bus interface

Cable T.V. tuner

CAD graphics
Calibration device

Calculator—user programmable

Camera system

Code identifier
Communications controller
Computer terminal

Control panel

Crystal oscillator

Data acquisition system
Data terminal

Electronic circuit breaker
Electronic DIP switch
Electronic potentiometer
Emissions analyzer
Encryption system

Energy management system
Flow computer

Frequency synthesizer
Fuel computer

Gas analyzer

Gasoline pump

Home energy management
Hote! lock

Industrial control
Instrumentation
Joulemeter

Keyboard -softkey

Laser machine tool
Machine control

- Machine process control

Medical imaging
Memory bank selection
Message center control
Mobile telephone

o0

20

< <

N< xg°

Modem

Motion picture projector
Navigation receiver
Network system

Number comparison
Oilfield equipment

PABX

Patient monitoring

Plasma display driver
Postal scale

Process control
Programmable communications
Protocol converter
Quiescent current meter
Radio tuner

Radar dectector

Refinery controller
Repeater

Repertory dialer

Secure communications system
Self diagnostic test equipment
Sona-Bouy

Spectral scanner
Spectrum analyzer
Telecommunications switching system
Teleconferencing system
Telephone dialing system -
T.V. tuner

Terminal

Test equipment

Test system

TouchTone dialers

Traffic signal controller
Ultrasound diagnostics
Utility telemetering

Video games

Video tapa system
Voice/data phone switch
Winchester disk controller
X-ray machine

Xenon lamp system
YAG—laser controlier
Zone/perimeter alarm
system
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Designing with
the NMC9817,
a 2nd Generation E2PROM

The NMC9817 offers the non volatile memory desigrier the
following features: -

* 16K bits of non-volatile storagb drganizéd as 2K X 8
o fully 5V only operation in all modes

¢ address, data and WE latches, upward and downward
compatible with E2's, EPROMs, ROMs and SRAMs

* fast read access times

o direct microprocessor mterfacmg capabﬂny

10,000 write cycles per byte open-drain ready/busy

10 years data retention

The purpose of this application note is to detail the new

features and the simple interface consnderatlons mherent to
using the NMC9817.

The JEDEC 28 pin universal memory pin-out has been se-
lected for the NMC9817. Figure 7 shows this pin-out and
how it relates to other memory types.

This philosophy allows for interchanging memory types and
to provide the required densities. E2PROMSs can be mixed
with PROMs, ROMs, RAMs or EPROMSs. Upward or down-
ward compatibility is possible in density selection, providing
great flexibility in system design requirements, even as they
change through the ‘course. New features or upgrades can
be added with minimal hardware modifications. With the 28
pin selected pin-out of the NMC9817, E2PROM devices
from 4k to 128k will fit perfectly without external interface
requirements. The pin-out also allows inserting 24 pin
E2PROM devices because of common data, address and
control pins. .

Figure 2 shows a block diagram of the NMC9817.

The basic constraints on 1st generation E2PROMs have

been quite cumbersome. 10,000 erase/write cycles/byte, 10
ms or more erase/write times, external 21V generation, lack

SRAM | NOVRAM [ ROM | EPROM | E2PROM

8K 4K 8K 8K 4K

i d d d

256K | 128K |256K| 256K 128K

A4 NE NC Vpp | RDY/BUSY | Pin1
WE WE A4 | PGM/A14 WE Pin 27

National Semiconductor
Application Note 342
Masood Alavi
November 1983

of on-chip buffers and latches have been the important ge-
neric considerations. Many support components have been
essential to incorporate these requirements.

External programming voltage entailed either a DC-DC con-
verter or a step down voltage regulator (See AN-328). In
addition, support circuitry for sequencing write cycles was
necessary because 10ms erase/write time is a much longer
period than a typical microprocessor cycle. This required
external data and address latches and a counter to time out
the erase/write periods. Analog pulse-shaping circuitry for-
erase/write pulses is also an external interface requirement.

Figure 2 shows how all the above interface requirements
are integrated on the NMC9817. This allows for a direct in-
terface with any microprocessor capable of providing the
required control signals. Even the generic constraint of
10ms write time has been efficiently designed around. To
initiate a RAM like write cycle the microprocessor signals
with a 100 ns WE pulse after CE is valid. Only one instruc-
tion is required to do so after which the intelligence in the
NMC9817 takes care of the rest allowing the microproces-
sor to execute other instructions while the E2PROM writes
the byte. This is so because the NMC9817 contains all the
necessary data in on-chip latches. A ready/busy output is
provided on pin 1 which goes to logic low when the part
goes into a write cycle and logic high when the write is
done. i

Not only can this pin be used to signal an interrupt to the
microprocessor to put the E2PROM on or off line, it.also
serves to optimize the best possible write time that a part
has. in other words, if the NMC9817 gets programmed in
less than 10 ms, the ready/busy line output will allow the
microprocessor to take advantage of this. This is imple-
mented by a method referred to as multiple-hits of write
pulses. Refer to Figure 3.

Soe Table ——d 1 2 = vec
A2 —d 2 27 = Ses Table
AT —{3 2% % a3
A6 — 4 25 | AB
A5 =5 24 }— a9
M =6 23 }— AN
A3 —]? 22 j— OE
A2 =8 o p—aA0
M—ig 20 |—CE
a0 — 10 19 |— 107
170p —f 1 18 f= 1/05
oy — 12 17 |05
10, —4 13 16 —1/04
GND ~—] 14 15 |— 1703
TL/D/5477-1

FIGURE 1. Universal 28-Pin-out
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_l‘: DATA INPUTS/ QUTPUTS
10/0g-lr/
Vep GENERATOR o/0o-17 /07
v
_C.E INPUT LATCHES
& CHIP ENABLE/ QUTPUT
3 ENABLE LOGIC
WE
~— AUTOMATIC WRITE TIMING il
ROY/BUSY
<+ AUTOMATIC ERASE LOGIC
£0-A10 N v N
ADORESS o DECODER . Y GATING
INPUTS
wama|  LATCHES
. X . 16,384-81T
: DECODER . CELL MATRIX

TL/D/5477-6
FIGURE 2. Functional Block Diagram

[

WE
TL/D/54T7-2

RDY/BUSY twp
TL/D/5477-3
FIGURE 3. Write Waveforms

As soon as the write pulse is detected by the device, the
following sequence of events commences:

L]

Ready/busy goes low and puts the device off the micro-
processor bus. ) .

A read before write is internally initiated to determine
whether or not an Erase before write is required.

If any zero is detected in the byte during the read a 5 ms
max Erase cycle is initiated during which internal Vpp is
raised to 21V. Following the Erase, a 5 ms max write
cycle is executed. .

If all ones are detected in the byte during the read, the
Erase before write cycle is skipped and a 5 ms max
write cycle is executed.

Once write is verified and completed, the ready/busy is
raised to interrupt the microprocessor.

The above sequence allows for achieving fast write times
without compromising data retention or data integrity.
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For convenience in system design, full 5V operation is de-
signed in the NMC9817. This has been done by incorporat-
ing on chip a 5-21V charge pump, a 21 volt regulator and-
power up/down sequencer to avoid inadvertent spurious
writes. Regulation of the 21V internal supply is an important
consideration, more so over temperature since it is directly

- related to endurance. Voltage spikes can cause early dam-

age 1o the integrity of the tunnel-oxides.

Interface Requirements

Figure 4 shows the simple interface requirements in using
the NMC9817. Besides the direct bus connections to the
microprocessor, three or four (if ready/busy is used) con-
nections are required viz CE to decoder, OE to RD, WE to
WR and ready/busy to an interrupt. Ready/busy may be’
multiplexed for hardware handling. it can also be OR-tied if
desired since it is an open-drain output; the slowest device
will control the write time in such a case. ’

FROM DECODER e

FROM AD mmeni~

FROM WR

T0 INTERRUPT et

AD-A1D
lo/0g-17/07

Figure 5 shows a fypical large system application with multi-
plexed ready/busy.

In summary, the NMC9817 has been designed as a mono-
lithic solution to the problems that arose with the 1st genera-
tion of E2PROMSs. It attempts to establish a standard for
future' E2PROMS, both from an electrical parametric view-
point and ease-of-use system design considerations. It
solves the following problems that confronted the 1st gener-
ation E2PROMSs:

1. A 21V external power supply.

2. A rise time restricted 10 ms wide minimum pulse for
erase/write.

Lack of on-chip address and data latches.

Absence of an interrupt ready/busy output.

Non integrated erase before write.

Non-upgradable package.

L ol

* NMCg817
- EXPROM

43 " vee
"

WE

ROY/BUSY
AC-A10

10/0g-t7/07 GND 1

o
= 5VpC.

NMC9817

SYSTEM
REQUIREMENTS '| . REQUIREMENTS

TL/D/5477-4

FIGURE 4. Simple NMC9817 Interface Requirements
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(uP)
(1C)
(CONTROLLER)

ADDRESS :

9817
BANK1

FIGURE 5. A Typical NMC9817 System

9817
BANKN

TL/D/5477-5
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Detailed Electrical Test and Burn-in information on the
following MIL-STD-883, Class B tested memory devices
may be found in Volume 2 of The Reliability Handbook.
Screening is described in the brochure “883B/RETS™
Products from National Semiconductor,” which follows.

MM2102AJ-L/883B
MM2102AJ-4/883B
MM2114MJ-3/883B
MM2716QM/883B
MM5290F-3/8838
MM5290J-3/883B
NMC2147HF-3/8838
NMC2147HJ-3/883B
NMC2147HJ/8838
NMC27C16Q45/8838
NMC27C16Q55/883B
NMC27C16Q65/8838
NMC27C32Q45/8838
NMC27C32Q55/8838
NMC27C32Q65/8838
NMC2816ME-25/883B
NMC2816ME-35/883B
 NMC2816ME-45/8838

NMC2816MJ-25/883B

1024-bit (1024 x 1) static RAM
(NMOS)

1024-bit (1024 x 1) static RAM
(NMOS)

4096-bit (1024 x 4) static RAM
(NMOS)

16,384-bit (2K x 8) UV erasable
PROM (NMOS)

16,384-bit (16K x 1) dynamic
RAM (NMOS)

16,384-bit (16K x 1) dynamic
RAM (NMOS)

4096-bit (4K x 1) static RAM
(NMOS)

4096-bit (4K x 1) static RAM
(NMOS)

4096-bit (4K x 1) static RAM
(NMOS)

16,384-bit (2K x 8) UV erasable
PROM (CMOS)

16,384-bit (2K x 8) UV erasable
PROM (CMOS)

16,384-bit (2K x 8) UV erasable
PROM (CMOS)

32,768-bit (4K x 8) UV erasable
PROM (CMOS)

32,768-bit (4K x 8) UV erasable
PROM (CMOS)

32,768-bit (4K x 8) UV erasable
PROM (CMOS)

16,384-bit (2K x 8) electrically
erasable PROM (NMOS)

16,384-bit (2K x 8) electrically
erasable PROM (NMOS)

16,384-bit (2K x 8) electrically
erasable PROM (NMOS)

16,384-bit (2K x 8) electrically
erasable PROM (NMOS)

NMC2816MJ-35/883B  16,384-bit (2K X 8) electrically
erasable PROM (NMOS)
NMC2816MJ-45/883B  16,384-bit (2K x 8) electrically
erasable PROM (NMOS)
NMC9716E-25/883B 16,384-bit (2K x 8) electrically
erasable PROM (NMOS)
NMCO716E-35/883B  16,384-bit (2K x 8) electrically
erasable PROM (NMOS)
NMC9716E-45/883B  16,384-bit (2K X 8) electrically
’ erasable PROM (NMOS)
NMC9716J-25/883B 16,384-bit (2K x 8) electrically
erasable PROM (NMOS)
NMC9716J-35/883B 16,384-bit (2K x 8) electrically
erasable PROM (NMOS)
NMC9716J-45/8838 16,384-bit (2K x 8) electrically
erasable PROM (NMOS)
NMC9306J/883B 256-bit serial electrically
v erasable PROM (NMOS)
NMH2864D/MP 65,536-bit (8K x 8) E2PROM
module
NMH9764D/MP 65,536-bit (BK x 8) E2PROM
module

FUTURE MIL/AERO MEMORY PRODUCTS

As the following products become available, they will be
submitted to our MIL-STD-883, Class B qualification pro-
gram and will be offered as MIL-STD-883 Class B devices:

NMC27C64
NMC27C256

NMC3764
NMC6164

NMC9346
NMCg817

NMC88C64

65,536-bit (8K x 8) UV erasable PROM
({CMOS)

262,144-bit (32K x 8) UV erasable PROM
(CMOS)

65,536-bit (64K x 1) dynamic RAM (NMOS)

65,536-bit (8K x 8) static RAM (CMOS
with NMOS cells)

1024-bit (64 x 16) serial electrically
erasable PROM (NMOS)

16,384-bit (2K x 8) electrically erasable
PROM with 5V programming (NMOS)

65,536-bit (8K x 8) electrically erasabte
PROM with SV programming (NMOS)
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883B/RETS™ Integrated Circuits From National

1.0 SCOPE

1.1 PURPOSE

This document establishes the requirements for screen-
ing, processing, qualification, and quality conformance
testing of monolithic integrated circuits in accordance
with Class B of MIL-STD-883.

1.2 INTENT

The program defined hereinv is intended to provide stan-
dardized, off-the-shelf integrated circuits manufactured
and tested in full compliance with MIL-STD-883.

2.0 APPLICABLE DOCUMENTS

The following specifications and standards, of the issue -

in effect on the date of invitation for bids or request for
proposal, form a part of this specification to the extent
specified herein. National Semiconductor reserves the
right to change any or all of the requirements stated
herein in order to update those requirements in accor-
dance wnth changes in the apphcable military speclflca~
tions. :

21 SPECIFICATIO'NS

MIL-M-38510 General Specification for Microcircuits
MIL-M-55565 Microcircuits, Packaging of
MIL-Q-8858. ' Quality System Requirements
MIL-C-45662 Calibration System Requirements

2.2 STANDARDS .

MIL-STD-105 Sampling Procedures and Tables

MIL-STD-883 Test Methods and Procedures for
Microelectronics

MIL-STD-977 Test Methods and Procedures for Line
Certification - -

23 HANDBOOKS

MIL-HDBK-217 Rellabillty Pred:ctlon of Electromc
Equipment

MIL-HDBK-263 Electrostatic Discharge Control
Handbook

2.4 DETAIL SPECIFICATIONS

The applicable detail specification for a particular
883B/RETS microcircuit is the National Semiconductor
RETS (Reliability Electrical Test Specification, see
Figure 1) for that device. The RETS is a detailed listing
of the parameters, test conditions, test limits, and ap-
plicable test temperatures which apply to electrical
screening, Group A Quality Conformance Inspection,
“and electrical end points for other Quality Conformance
Inspections. In addition, the RETS provides information
relative to certain electrical characteristics which are of
interest to the designer but are not directly measured.

883B/RETS is a tradi C

Bifetisa

Kof N
of National

C

2.5 ORDER OF PRECEDENCE

In the event of a conflict between this document and
any of the references cited herein, the precedence in
which requirements shall govern, in descending order,
is as follows:

1. The applicable detail specification;

2. This document;

3. MIL-STD-883;

4. MIL-M-38510;

5." Other documents listed in 2.1 through 2.3;
except that all differences between processing done

~ herein and that specified in MIL-STD-883 must be clearly

noted either in this document or in the applicable detail
specification (as applicable).

3.0 GENERAL REQUIREMENTS

Only integrated circuits which have met the screening,
< quality conformance and qualification procedures de-
fined herein shall be shipped as 883B/RETS products.

3.1 TERMS, DEFINITIONS, AND SYMBOLS

All terms, definitions, and symbols shall be as specified
in MIL-M-38510, except that the qualifying activity shall
be National Semiconductor Corporation.

'3.2 QUALIFICATION

‘lntegrated circuits furnished under this document shall
be products which have passed the qualification testing
defined in Paragraph 6.0 herein.

3.3 LINE CERTIFICATION

. -Integrated circuits furnished under this document shall
be produced exclusively on those lines certified by the .
National Quality Assurance Department for the
manufacture and test of Military/Aerospace products.
The MIL-M-38510 requirement that all devices be
manufactured, assembled, and tested within the U.S.
“shall not apply.

3.4 SCREENING

Integrated Circuits furnished under this document shall
have been subjected to and shall have passed all of the
screening indicated in Paragraph 4.0 herein.

3.5 QUALITY CONFORMANCE INSPECTION

Integrated circuits furnished under this document shall
come from lots which have been subjected to and have
passed the Quality Conformance Inspection require-
ments defined in Paragraph 5.0 herein. The frequency of
Quality Conformance Inspection shall be as defined in
MIL-STD-883 and MIL-M-38510.

3.6 TRACEABILITY

Lot traceability shall be maintained in accordance with
MIL-M 38510.
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TTRETSIEd) T T T T Com T TEST SYSTEM: TCRADYNE J283 | OPTION
1151 CONDITIONS (UNLESS OTHERWISE DC PARAMETERS DRIFT
REVISION 8C SPECI 1ED) e __ LIMITS
N SBGRP 1 | SHGRP 2 [ SBGRP 3 | (25°C) |UNITS
' . NOTE 6 NOTE
T | PARAMETER SYM 25°C +125°C =55°C
E
S vee TEST 4 min [max {min {max |min |max
T Iilogical Mi" Dutput IVOIT [ 5V {TOH = ~2mA, VB = VOR = O, 23,24 2.y 2.4 2.0 v
Voltage VD = VOO = uv (Revr)
h.5v |IBUS = =5,2mA, VD = .8Y, VX = 0, 61,62, 2.4 2.4 2.4
VDR = uv, vhb = 0 (Driver) 165,66
TTlogical M Outpat” TIVOL 45V LTOL = T16mA, VB = VDD = 0V, 22,25 K i i v
Voltage VOR = 0 (Revr)
U.5v | IBUS = S0mA, VD = ZV VX =0, 60,63, .5 5 5 v
VDR = 4V, VDD = 64,67
4.5V [10L = 2mA, VDO = av VDR = 0, 106 4 R 4 v
Vb = av {Driver)
4.5V |IOL = 2mA, VDR = .8V, VDD = u4v 105 4 L Ll \4
VB = uv, Vb = 0 (Revr)
Maximum Bus Current |18US 5.5V |VB = 4V, VD = 0, VDD = VOR = 4V 16,53 80 80 80 UA
oV IvB = 4y, VD = VOD = VDR = 0 47,52 80 80 80 UA
= .4V, VDD = VDR = 4V 130 -40 -0 =40 uA
togical "1" input -} 1iHl |5, 2. uv VDD = VOR = 0 (Driver) 171,76 L0 Lot~ 40 uA
Current (Disable)|101 u0 40 40 uA
1112 5 5V vho = VI = 0 (Driver) 172,75 1 1 1 mA
5.5V (Disable)|102 1 1 1 mA
T “|Togicat "0 Input [N LV, VDD = VOR = 0 {Driver) (70,77 -1.6 -1.6 -1.6 mA
Current Ay {Disable)]100 -1.6 -1.6 =-1.6 mA
Input Clamping vic 12mA, VDD = VOR = 4V (Bus) 50,51 -1.5 -1.5 -1.5 v,
Voltage 12mA,VDD = VOR = 0 (Driver) 173,74 -1.5 -1.5 -1.5 v
12mA (Disablie)[103 -1.5 -1.5 -1.5 v
Disabled Output 10ZH [h.5V |VDR = 2V, VDD = 4v, va = hv, 104 80 80 80 UA
Current, VD = 0, VOUT = 3V (Revr)
4.5v |VDD = 2V VDR = 0, VD = 4V, 107 80 80 80 UA
vouTt 3v (Driver)
5.5V |VOUT = 2 bV, Disable inputs at 2v |251 40 uo 40 uA
(Revr)
10ZL 15.5V |VOUT = .4V, Disable Inputs at 2V 250,253 =40 =40 -4o UA
(Revr) .
Short Circuit tos 5.5V jvour =0, VB = VDR = 0, 110, 111, | -28f -701 -28| -70] -28} -70 mA
Current VD = VDD = {Rcvr) 114,115
5.5V IVOUT = 0, VD = 4V, VDD = VDR = O 116,117, | -u40l-1201 -401-1201 -40[-120 mA
(Driver) 122,123
NOTE 6: Power dissipation must be externally controlled at elevated temperatures.
RETS7835X DEVICE: DS7835 FUNCTION: QUAD TRI-STATE BUS TRANSCE!VERS
R0066

tes

FIGURE 1. Sample RETS

3.7 DESIGN AND CONSTRUCTION

Design and Construction shall be in accordance with
MIL-M-38510. Where differences exist, they shall be
clearly noted in the applicable detail specification.
Design documentation shall be maintained on file.

3.8 MARKING OF MICROCIRCUITS

All marking shall be legible, complete, and shall meet
the resistance to solvents requirements of MIL-STD-883,
Method 2015. If any additional marking is used, it shall
not intefere with the marking required herein. The
following marking shall be placed on each device:

a. index point (see 3.8.1)

b. Part number (see 3.8.2)

c. Inspection lot identification code (see 3.8.3)

d. Manufacturer's identification (3.8.4)

e. Electrostatic discharge sensitivity identifier
(see 3.8.5)

f. Radiation hardness indicator, where applicable
(see 3.8.6)

3.8.1 INDEX POINT

An index point, tab, or other marking shall be used to in-
dicate the starting point for the numbering of feads or
for mechanical orientation. it shall be so designed as to
be visible from above when the microcircuit is installed
in its normal mounting configuration. The electrostatic
discharge sensitivity indicator (see 3.7.5) may also be
used as the pin 1 identifier.

3.8.2 PART NUMBER

Each microcircuit shall be marked with the complete
part number. The part number may be marked on more
than one line, with */883B” appearing on the second
line. The part number shall be constructed as follows:

LM1234H/8838
LM 1234 H 883 B

Product Assurance Class
Processed in accordance with 883
Package designator

Basic Part type

Product Family Designator




3.8.3 INSPECTION LOT IDENTIFICATION CODE

Microcircuits shall be marked with a unique code to in-
dicate the inspection lot from which they were taken.
The basis for identification shall be the date of the first
week in which devices from that inspection lot were
sealed. The format shall be four (or five) digits, with the
first two digits indicating the last two digits of the year,
the next two digits indicating the week of seal (with a0
prefix for weeks 1 through 9), and the final digit (where
used) an alpha character to indicate the existence of
more than one inspection’lot bearing the same basic in-
spection lot code.

3.8.4 MANUFACTURER'S IDENTIFICATION
All devices shall be marked with the National Semicon-

ductor logo, name, or trademark. The manufacturer's -

designating symbol (27014) need not be marked on the
microcircuits.

3.8.5 ELECTROSTATIC DISCHARGE SENSITIVITY
INDICATOR

Those microcircuits which are tested in accordance
with Method 3015 of MIL-STD-883 and are found to be
Category A devices, or those devices which are
classified as Category A in lieu of testing, shall be
marked with an isosceles triangte. (NOTE: MIL-M-38510
REQUIRES AN EQUILATERAL TRIANGLE.)

3.8.6 RADIATION HARDNESS ASSURANCE
INDICATOR

Devices which have been tested in accordance with the
radiation testing procedures defined in ‘Radiation
Hardened Technologies from National Semiconductor”
shall be marked with a -RX suffix, where the X shall in-
dicate the radiation level to which the devices were
tested (5 for 1x10° rads (Si), 6 for 1x10%, 7 for 1x107).

3.8.7 MARKING LOCATION AND SEQUENCE

Marking location and sequence shall be in accordance
with MIL-M-38510.

3.8.8 MARKING ON CONTAINER

All of the markings indicated in 3.8 (except for the index
point) shall be marked upon the microcircuit shipping
container. In addition, the manufacturer’s designating
symbol (27014), the EIA-STD-RS-471 symbol for ESD sen-
sitive devices, and (where applicable) the reinspection
date code (see 3.9) shall also be marked on the shipping
container.

3.9 PROCEDURE FOR LOTS HELD MORE THAN °
36 MONTHS

Microcircuits held by the manufacturer or by authorized
distributors for a period exceeding thirty-six (36) months
following the date of the inspection lot identification
code, shall be reinspected by the manufacturer for all
specified Group A inspection requirements. The devices

shall retain the original inspection lot identification.

code, but the date code of reinspection shall be marked
on the shipping container and in the certifying docu-
mentation. Failure of any subgroup shatl require 100%
rescreening of the lot for the subgroup and removal
from the lot of any device(s) failing the rescreening.
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3.10 WORKMANSHIP AND REWORK PROVISIONS

Workmanship and rework. provisions shall be in accor-
dance with MIL-M-38510.

4.0 SCREENING

Each microcircuit shall have been subjected and passed
all of the screening tests detailed in Method 5004 of
MIL-STD-883 (see Table 1) in order to be acceptable for
delivery. Devices which fail any test criteria in the
screening sequence shall be removed from the lot at the
time of observation or immediately at the conclusion of
the test in which the failure was observed. Once re-
Jected and verified as a test failure, no device may be
retested for acceptance.

4.1 ELECTRICAL TEST PARAMETERS

Electrical Test parameters for interim and final elec-
trical testing (see Table 1) shall be as defined in the ap-
plicable detail specification (RETS). Applicable test
temperatures shall be 25°C, 125°C, and - 65°C, unless
otherwise specified in the applicable detall specifica-
tion. Interim electrical test parameters are performed at
the manufacturer’s option.

4.2 PDA

All lots or sublots of microcircuits screened in accor-
dance with this document shall be subject to a PDA
(Percent Defective Allowable) for post-burn-in 256°C DC
electrical test measurements. Lots failing PDA may be
resubmitted to burn-in in accordance with 4.2.1. The ap-
plicable PDA shall be 5% for all devices.

4.2.1 LOTS RESUBMITTED FOR BURN:IN

Unless otherwise specified, lots and sublots may be
resubmitted for burn-in one time only, provided the
observed percent defective for 25°C DC measurements
during the first submission does not exceed 20%. Re-
submitted lots shall be kept separate from new lots, and
shal! be tested using a tightened inspection PDA of 3%.

5.0 QUALITY CONFORMANCE INSPECTION

Quality Conformance Inspection shall be conducted in
accordance with the requirements of Groups A, B, C,
and D of Method 5005. Inspection lot sampling shall be
in accordance with Appendix B of MIL-M-38510. All lots
submitted for quality conformance inspection shall
have met the 100% screening requirements defined in
4.0 prior to submission (with' the exception of those
subgroups for which electrical rejects may be used as
test samples).

5.1 GROUP A INSPECTION

Group A inspection shall be performed on each lot to
the LTPD levels indicated in Table Il and shall consist of
the electrical parameter tests defined by the applicable
detail specification or RETS. Where no parameters are
indicated as tested for a given subgroup, that subgroup
will not be performed. The manufacturer reserves the
right to combine subgroups for test purposes, provided
the LTPD for the combined subgroup is equal to or less
than the lowest LTPD specified for any of the subgroups
so combined. If a lot is composed of multiple sublots,
each sublot must pass Group A inspection as specified.



TABLEI: 100% Screening

1. Internal visual 2010, test condition B 100%
External visual (Note 4) 2009 100%
2. Stabilization bake 1008 24 hrs. @ condition C min 100% -
3. Temperature cycling 1010, test condition C 100%
4. Constant acceleration 2001, test condition E (Note 6) Y,
orientation only 100%
5. Visual inspection (Note 1) : 100%
6. Initlal (pre-burn-in) electrical parameters Per applicable device specification Op. at
. . mfr's
dis-
cretion
7. Burn-in test ) 1015 160 hrs @ 125°C min 100%
(or equivalent per Table | of Method 1015)
8. Interim (post-burn-in) electrical parameters Per applicable device specification 100%
9. Percent defective allowable (PDA) calculation See 4.2 All
. lots
10. Final electrical test Per applicable device specification (Note 5)
(a) Static tests 100%
(1) 25°C (subgroup 1, Table 2)
(2) Maximum and minimum rated operating temp. 100%
(subgroups 2, 3, Table Il)
(b) Dynamic tests and switching tests 25°C 100%
(subgroups 4 and 9, Table 2)
(c) Functional test 25°C (subgroup 7, Table 2) 100%
11. Seal | 100%-
(a) Fine ; (Note 2)
(b) Gross
12. Qualification or quality conformance inspection test (Note 3)
sample selection

Note 1: At the manufacturer's option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages or lids off.

Note 2: The fine and gross seal tests shall be performed sep y or together in any seq or order b steps 5 and 11, and they shall be per-
formed after all forming and shearing operations on the terminals.

Note 3: Samples shall be selected for testing in accordance with the requirements of paragraph 5.0 and Tables 2 through 5.

Note 4: External visual inspection shall be performed on the lot any time after step 11 and devices submitted to qualification and/or quality conformance
testing shall undergo this testing prior to shipment.

Note 5: All devices whose lead finishis changed or reworked after final electrical testing shall be retested for subgroups 1 and 7 at aminimum.

Note 6: To-3 Devices use condition D instead. :

5.2 GROUP B INSPECTION . microcircuit group (see 5.3.1 and Table VI) and shall be
performed on one device type or one inspection lot from

Group B inspection shall consist of the mechanical and each three months of production for each microcircuit

environmental tests specified in Table lll. Group B in-

spection shall be performed on each package type and group.
lead finish for each week of assembly per assembly
location. Alternately, Group B may be performed on 5.3.1 MICROCIRCUIT GROUP ASSIGNMENTS
each inspection lot, per package type, lead finish, and A microcircuit group shall consist of devices utilizing a
detail specification. Testing of one device type sublot in common fabrication technology to perform a similar cir-
any subgroup shall be considered as complying with the cuit function, utilizing the same supply, bias and signal
requirements. for that subgroup for all device types voltages, and assembled using the same die-attach and
covered by that Group B test. When Group B is per- wire-bond methods. National’s microcircuit group
formed. per week of assembly, each sublot must be assignments as shown in Table VL.
subjected to subgroup 4.

5.3.2 GROUP C SAMPLE SELECTION
5.3 GROUP CINSPECTION Samples for subgroups in Group C shall be randomly
Group C Inspection shall consist of the die-related tests chosen from any inspection lot of a particular microcir-
specified in Table IV. Group C tests are required for each cuit group (see 5.3.1) which has been submitted to and
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TABLE il: Group A Electrical Tests (Note 1)

‘ " Class B.
Subgroup (Notes 2 and 3) LTPD (Note 4)
Subgroup 1 : 2
Static tests at 25°C ’
Subgroup 2 3

Static tests at maximum rated
operating temperature

Subgroup 3 5
Static tests at minimum rated
operating temperature

Subgroup 4 2
Dynamic tests at 25°C .
Subgroup 5 1 3

Dynamic tests at maximum rated
operating temperature
Subgroup 6 5
Dynamic tests at minimum rated
operating temperature

Subgroup 7 : 2
Functional tests at 256°C
Subgroup 8 5

Functional tests at maximum and
minimum operating temperatures

Subgroup 9 2
Switching tests at 25°C
Subgroup 10 3

Switching tests at maximum
rated operating temperature

Subgroup 11 5
Switching tests at minimum

rated operating temperature

Note 1: The specific parameters to be included for tests in each-sub-
group-shall be as specified in the applicable detail specification. Where
no parameters have been identified in a particular subgroup or test
within a subgroup, no group A testing is required for that.subgroup or
testto satisfy group A requirements.

Note 2: A single sample may be used for all subgroup testlng ‘Where
the required size exceeds the lot size, 100% inspection shall be allowed
(see 30.2.5 of appendix B of MIL-M-38510).

Note 3: Group A testing by subgroup or within subgroups may be per-
formed in any sequence unless otherwise specified.
Note 4: Maximum accept number allowed is 2.

has passed Group A quality conformance inspection.
Testing of one device for each subgroup shall be con-
sidered as complying with the requirements for that
subgroup for all devices within the applicable microcir-
cuit group. The product which may be accepted for
delivery based upon a successful completion of Group
C testing shall be product within the tested microcircuit
group with inspection lot identification codes of the 26
consecutive weeks beginning .with the inspection.lot
identification code of the successful Group C sample..

5.4 GROUP D INSPECTION - * -

Group D Inspection shall consist of the package related
testing shown in Table V. Group D tests on each pack-
age type shall be performed on devices from each six
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months of production (based upon inspection lot iden-
tification codes). Where the package tested is provided
with more than one lead finish, each additional lead
finish shall be subjected to subgroups 3, 5, and 7 of
Group D.

5.4.1. GROUP D SAMPLE SELECTION

Samples for subgroups in Group D shall be selected
from any inspection lot containing the intended
package and lead finish which has been submitted to
and has passed Group A quality conformance inspec-
tion. The product which may.be accepted for delivery
based on a successful completion of Group D testing
shali be product of the particular package type with in-
spection lot identification codes of the 36 consecutive
weeks beginning with the inspection lot identification
code of the successful Group D sample. Testing of a
subgroup using a single device type enclosed in given
package shall be considered as complying with the re-
quirements of that subgroup for all device types utiliz-
ing that package and lead finish. Different device types
may be used for each subgroup. )

5.5 END POINT TESTS FOR GROUPS B,C,ANDD

End point measurements and other specmed post-test
measurements shall be made for each microcircuit of
the sample after completion of all other specified tests
in each subgroup. The test limits for the end point
measurements shall be the same as the limits for the
respective Group A subgroup inspections.

5.6 RESUBMISSION OF FAILED LOTS

Procedures for resubmission of lots failing Gr‘oup A, B,
C, or D Quality Conformance Inspections shall be as
specified in MIL-M-38510.

6.0 QUALIFICATION TESTING

Qualification of individual device types or groups of
related device types shall be accomplished by subject-
ing them to and demonstrating that they meet all of the
Group A, B, C, and D requirements of Method 5005 of
MIL-STD-883. Qualification testing shall be performed
on devices that have been screened in accordance with
Paragraph 4.0. )

6.1 END POINTS

Electrical end points shall be measured before starting
and after completion of all tests in the subgroups of
Groups B, C, and D for which electrical end point
measurements are :specified. Where no intervening
tests have been performed, the final electrical measure-
ments performed during 100% screening shall be con-
sidered as satisfying the requirement for testing prior to
Group B, C, or D testing. End point measurements need
not be recorded.

6.2 LOTSIZE

The inspection lot from which the qualification samples
are to be selected shall contain a minimum of twice the
number of devices required for the performance of the
qualification testing.

6.3 QUALIFICATION STATUS

Two levels of qualifications shall exist. Level | and Level Il
A Level I part shall be one which-has successfully com-



TABLE lIl. Group B (Note 1)

Tost MIL-STD-883 Quantity/(Accept No.)
Method Condition or LTPD
Subgroup 1
(a) Physical dimensions (Note 2) 2016 . 2 devices
(no failures)
Subgroup 2
(a) Resistance to solvents 2015 4 devices
(no failures)
Subgroup 3
(a) Solderability (Note 5) 2022 Soldering temperature of 245 +5°C 15
or o
2003
Subgroup 4
(a) Internal visual and 2014 Failure criteria from design and 1 device
mechanical (Note 7) construction requirements of applicable (no failures)
procurement document
Subgroup 5
(a) Bond strength (Note 4) 2011 Test condition C or D 15
Subgroup 6 (Note 3)
(a) Internal water-vapor content 1018 1,000 ppm maximum water content at 100°C 3 devices (0 failure)
or (Note 6)
5 devices (1 failure)
Subgroup 7 (Note 8)
(a) Seal . 1014 As applicable . 5
(1) Fine :
(2) Gross
Subgroup 8 (Note 9)
(a) Electrical parameters Group A, subgroup 1
(b) Electrostatic discharge 3015 ' 15(0)
sensitivity classification
(c) Electrical parameters Group A, subgroup 1

Note 1: Eleclrlcal reject devices from lhs same inspection lot may be used for all subgroups when end -point measurements are not required, except
devices belng submitted to subgroup 7.

Note 2: Nol required for qualification or guatity conformance inspection where group D inspection is being performed on sampies from the same inspec-

tion lot.
Note 3: Not required on National Products, since National does not use inside any packag .
Note 4: Test ples for bond strength may, at the tacturer’s option, unless otherwise specified, be randomly selected prior to or following internai

visual (PRESEAL) inspection specified in method 5004, prior to sealing provided all other specifications requirements are satisfied {e.g. bond strength re-
quirements shali apply to each inspection lot, bond strength samples shail be counted even if the bond would have failed internal visual exam). Uniess
otherwise specified, the LTPD sample size for condition C or D is the number of bond pulls selected froma minimum number of 4 devices, and for condition
ForHis the number of dice (not bonds)(see method 2011).

Note 5: All devi itted for sotderability test shall be in the lead finish that will be on the shipped product and which has been through the tempera-
ture/time exposure of burn-in. In the case of hot solder dip or fused tin lead finishes, the burn-in screen may precede the solder dip or tin fusing
operation.The LTPD tor solderability test applies to the number of leads inspected except in no case shall less than 3 devices be used to provide the number
of lead required.

Note 8: Test three devices; if one fails, test two additional devices with no failures. -

Note 7: Test samples for internal, visual and mechanical shall be selected at any point following the seal operation.

Note 8: This test is not required it either the 100% screen or sample seal test is performed between 3.1.16 and 3.1.20 of method 5004.

Note 8: Unless otherwise specified, test shall be performed for initial quallllcatnon and product redesign as a minimum., Alternately, devnces may be classi--

fied as category A in lieu of testing.
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TABLE IV. Group C(Die-Related Tests)

! MIL-STD-883
Test LTPD
Method Condition

Subgroup 1
(a) Steady state life test 1005 Test condition A, B, C, or D (1,000 hours at 125°C) 5

(Note 1)
(b) End-point electrical Group A subgroup 1, 2 & 3 parameters per the

parameters applicable device specification
Subgroup 2
(@) Temperature cycling 1010 Test condition C i ) 15
(b) Constant acceleration 2001 Test condition E min. (Note 3) Y, orientation only
(c) Seal 1014 As applicable

(1) Fine

(2) Gross .
(d) Visual examination (Note 2) Group A subgroup 1, 2 & 3 parameters per the
(e) End-point electrical applicable device specification

parameters ’

Note 1: See 40.4 of Appendix B of MIL-M-38510.

Note 2: Visual examination shatl be in accordance with method 1010 or 1011.

Note 3: TO-3 Packages shall be tested to Condition D.

pleted all of the Group A, B, C, and D inspections. Where
a device type that has not completed Level | qualification
falls within a microcircuit group for which other devices
have been qualified, and is manufactured in a package
which has been qualified, it will be considered qualified
for Level Il (and therefore shippable) once it has suc-
cessfully completed Group A and B testing. No device
may remain on.Level Il status for more than one year
without successfully completing qualification testing.

6.4 QUALIFICATION BY EXTENSION

Qualification by die-related testing or qualification by
extension, where applicable, shall be in accordance
with the procedures defined in MIL-M-38510. )

7.0 PACKAGING

Packing and Packaging shall be in accordance with MIL-
M-38510. All devices classified as Category A for elec-
trostatic discharge sensitivity and so marked (see 3.7.5)
shall be packaged in conductive material or packaged in
antistatic material with -an external conductive field
shielding barrier.

8.0 DATA

All 883B/RETS™ microcircuits shipped shall be accom-
panied by a Certificate of Conformance certifying their
full compliance with the requirements of Methods 5004
and 5005 of MIL-STD-883 (as specified herein). Attributes
data for the 100% screening and quality conformance
inspection test data will not normally be provided but
shall be retained on file for a period of three years from
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the date of the inspection lot identification code (or in
the case of the quality conformance data the inspection
lot identification code of the last lot whose quality con-
formance test requirements were met by that lot).

9.0 MIL-HDBK-217 QUALITY FACTORS

Devices processed in accordance with the requirements
defined herein meet Quality Level B-1 of Table 2.1.5-1 of
MIL-HDBK-217 for failure rate modeling in accordance .
with MIL-HDBK-217.

10.0 HYBRID MICROCIRCUITS

Hybrid microcircuits are not processed in accordance
with this document. For Class B hybrid microcircuits
refer to *“883B/RETS™ Hybrid Microcircuits from
National Semiconductor.”

11.0 CLASS S MICROCIRCUITS

National Semiconductor Corporation also maintains a
program for providing integrated circuits processed to
the requirements of MIL-STD-883, Class S. These proce-
dures are defined in the brochures “883S/RETS™ Inte-
grated Circuits from National Semiconductor’ and
“‘883S/RETS™ 'Hybrid Microcircuits from National
Semiconductor.”

12.0 LEAD FINISH FOR TO-3 (K) PACKAGE

When TO-3 packages with solder-dipped leads are pro-
vided to this document, the leads will be dipped only to
.100 =+ .050 inches from the seating plane.



TABLE V. Group D (Package Related Tests)

Test MIL-STD-883 Quantity/(Accept No.)
Method Condition or LTPD
Subgroup 1 (Note 1)
(a) Physical dimensions 2016 15
Subgroup 2 (Note 1) )
(a) Lead integrity (Note 7) 2004 Test condition B; (lead fatigue) 15
(b) Seal '
(1) Fine 1014 As applicable
(2) Gross
Subgroup 3 (Note 3)
(a) Thermal shock 1011 Test condition B as a minimum, 15 cycles 15
minimum
(b) Temperature cycling 1010 Test condition C, 100 cycles minimum
(c) Moisture resistance (Note 8) 1004
(d) Seal 1014 As applicable
(1) Fine
(2). Gross
(e) Visual examination Per visual criteria of method 1004 and 1010
(f) End-point electrical Group 8, subgroup 1, 2 & 3 parameters per
parameters (Note 4) the applicable device specification
Subgroup 4 (Note 3)
(@) Mechanical shock 2002 Test condition B minimum 15
(b) Vibration, variable frequency 2007 Test condition A minimum
(c) Constant acceleration 2001 Test condition E minimum (Note 11), Y,
orientation only
(d) Seal 1014 As applicable
(1) Fine
(2) Gross
- (e) Visual examination (Note 5)
(fy End-point electrical Group A, subgroup 1, 2 & 3 parameter, per
parameters the applicable device specification
Subgroup 5 (Note 1) .
(a) Salt atmosphere 1009 Test condition A minimum 15
(b) Seal 1014 As applicable
(1) Fine
(2) Gross
(c) Visual examination Per visual criteria of method 1009
Subgroup 6 (Note 1)
(a) Internal water-vapor content 1018 5,000 ppm maximum water content at 100°C | 3 devices (0) failures
: or
5 devices (1 failure)
(Note 6)
Subgroup 7 (Note 1)
(@) Adhesion of lead 2025 15
finish (Notes 9 and 10)
Subgroup 8 :
(a) Lid torque (Notes 1 and 2) 2024 5(0)

Note 1: Electrical reject devices from that same inspection lot may be used for samples.

Note 2: Lid torque test shall apply only to packages which use a glass-frit-seal to lead frame, lead or package body (i.e., wh

meticity or package integrity).

Note 3: Devices used in subgroup 3, “Thermal and Moisture Resistance” may be used in subgroup 4, “Mechanical”.
Note 4: Atthe manufacturer's option, end-point electrical parameters may be performed after moisture resistance and prior to seal test.
Note 5: Visual examination shall be in accordance with method 1010 or 1011.

frit seal establishes her- m

Note 6: Test three devices; if one fails, test two additional devices with no failures. At the manufacturer's option, if the initial test sample(i.e., 3or 5 devices)
fails a second complete sample may be tested at an alternate laboratory that has been issued suitability by the qualifying activity. If this sample passes, the
lot shall be accepted provided the devices and data from both submissions is submitted to the qualifying activity along with five additional devices from the
same lot.

Note 7: For leadless chip carrier packages only, use test condition D.

Note 8: Lead bend stress. Initial conditioning is not required for leadless chip carrier packages.

Note 8: The adhesion of lead finish test shall not apply for leadless chip carrier packages.

Note 10: LTPD based upon number of leads.

Note 11: TO-3 Packages shall be tested to Condition D.
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TABLE VI. Microcircuit Group Assignments

Microcircuit

Microcircuit

Group Product Group Product
1 Standard TTL Logic 16 Regulator, Reference
2 Schottky TTL Logic 17 Other Linear
3 Bipolar RAMs 18 BiFET™ Amplifier
4 Bipolar PROMs 19 Other BIFET
5 Low Power TTL Logic 20 Bipolar Microprocessor
6 CMOS Logic 21 CMOS Microprocessor’
7 HC CMOS Logic 22 CMOS COPS
8 CMOS RAMs 23 NMOS COPS
9 CMOS EPROMs 24 NMOS Microprocessors
10 MOS RAMs 25 Hybrid Switch
1 . MOS EPROMs 2 Hybrid Driver
12 MOS E2PROMS 27 Linear Hybrid
13 Amplifiers 28 Not Assigned
14 Comparators 29 . . CMOS E’PROM
15 Interface 30 CMOS Gate Arrays
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History

In the mid 1960’s the various government agen-
cies responsible for semiconductor reliability
saw that screenable defects were resulting in an
in-equipment failure rate of about 1% per thou-
sand hours. In-depth failure analysis allowed
them to determine what the predominate failure
mechanisms were. The Solid State Applications
Branch of the Air Force's Rome Air Development
Center (RADC) was assigned the task of devel-
oping a screening procedure which would re-
move the infant mortality failures which had led
to the high failure rate previously encountered.
Working closely with other semiconductor reli-
ability experts, the RADC staff developed MIL-
STD-883, which was first issued in 1968. The
objective of MIL-STD-883 was to create an eco-
nomically feasible, standardized integrated cir-
cuit screening flow which would achieve an in-
equipment failure rate of 0.08% per thousand
hours for Class B and 0.004% per: thousand
hours for Class A (which was later superseded
by Class S). Over the years this standard has
grown and matured with a number of new test
methods added as reliability information and
failure analysis results became more detailed.
These developments have led to one of the
strongest and most comprehensive screening
specs available, MIL-STD-883.

Purpose and Structure

MIL-STD-883 states: this standard establishes
uniform methods and procedures for testing mi-
croelectronic devices, including basic environ-
mental tests to determine resistance to deleteri-
ous effects of natural elements and conditions
surrounding military and space operations, and
physical and electrical tests. What does this
mean to the semiconductor user? To understand
this, one must subdivide MIL-STD-883 into two
primary areas: 1) Detailed how-to specifications
(methods 1001 through 4007) and 2) Screening
and qualification and/or quality conformance
testing requirements (methods 5001 through
5009). By examining each of these areas the
thrust of MIL-STD-883 will become apparent.

Detailed How-to Specifications

_MIL-STD-883 is a collection of environmental,
mechanical, visual, and electrical test methods.
These methods define tests which enable manu-
facturers and users to screen for specific reli-
ability concerns. The tests covered include
moisture resistance, high temperature storage,
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neutron irradiation, shock and acceleration
tests, visual radiography, and dimensional tests,
to mention only a few. In the electrical test sec-
tion, there are tests to examine load conditions,
power supplies, short circuit currents, and other
tests. Each of these tests is designed to look at
specific reliability and quality concerns that
affect semiconductor products.

Screening Flows

The overali reliability requirements for a system
depend upon a number of factors, including
cost-effectiveness. For example, a deep space
probe, where component replacement is impos-
sible once the system is launched, requires very
high reliability, despite the inherent cost of com-
plex screening. On the other hand, a ground-
based radio unit can use a less stringent reliabil-
ity testing sequence, since a failed component
can be easily replaced at moderate cost. In line
with this range of needs, MIL-STD-883 estab-
lished three distinct product assurance levels to
provide reliability commensurate with the prod-
uct’s intended application. The three levels are
Class S (intended for critical applications, such
as space), Class B (intended for less critical ap-
plications, such as airborne or ground systems),
and Class C (intended for easily replaceable
systems, which has since been eliminated).

National and MIL-M-38510

A major thrust exists among integrated circuit
users, suppliers, and the U.S. Government to
avoid proliferation of military procurement spec-
ifications by turning instead to standardized
high reliability microcircuits. National Semicon-
ductor endorses and supports this trend.

One major program to which National is heavily
committed is the JAN MIL-M-38510 IC program.
This is a standardization program administered
by the U.S. Defense Department which allows a

user to purchase a broad line of standard prod- -

ucts from a variety of qualified suppliers.

There is only one MIL-M-38510 program. National
is committed to supplying only QPL devices,
and discourages any “pseudo-38150" alternates.

There are two levels specified within MIL-M-
38510 — Classes S and B. Class S is typically
specified for space flight applications,  while
Class B is used for aircraft and ground systems.



MIL-M-38510

The Defense Electronic Supply Center (DESC)
administers the integrated circuit standardiza-
tion program known as MIL-M-38510 (sometimes
referred to as the JAN IC Program). The specifi-
cation set used to define the program consists
of four documents: general specification MiL-M-
38510, which is an overall definition of the pro-
cessing and testing to be performed; detail
specifications (referred to as “slash sheets”),
each of which defines the performance param-
eters for a unique generic device or a family of
devices; MIL-STD-883, which defines specific
screening procedures; and MIL-STD-976, which
defines line certification requirements.

When a user orders a MIL-M-38510 device, he is
guaranteed that he will get a device fully con-
formant with the detail specification and which
has also met all of the general testing and pro-
cessing requirements. DESC requires semicon-
ductor suppliers to become formally qualified
under the MIL-M-38510 program and to be listed
on the current Qualification Products List (QPL)
before they are allowed to legally ship JAN
devices. .

Advantages to the User

The JAN 38510 program has numerous advan-
tages for the integrated circuit user.

e A single - explicit specification eliminates
guesswork concerning device electrical char-
acteristics or processing flow.

¢ The rigorous schedule of quality conformance
testing that is a mandatory part of the MIL-M-
38510 program assures the user of long-term
stability.

¢ Since the electrical characteristics of the
devices are at least as tight as the “standard
industry data sheet” parameters, device per-
formance will meet the vast majority of
system- design requirements. Additionally,
min./max. limits replace many data sheet
typicals, making circuit design and worst case
design analysis decisions easier.

e Theuseris sparéd the expense of researching
and preparing his own procurement
document.

* The user is spared the expense of qualifica-

tion testing. The QPL tells him which suppli-

ers have qualified the device he requires.

* The QPL gives the user a choice of qualified
suppliers for devices that are fully inter-
changeable. in addition, the presence of sev-
eral sources guarantees competitive pricing
that-is typically lower than for devices to a
user's own specifications.
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¢ Since MIL-M-38510 is a standard program, pro-
curement lead times will be shorter. With a
large number of programs using JAN devices,
distributors and manufacturers are able to
establish inventories of JAN devices. National
in particular is committed to maintaining fin-
ished goods and work-in-process inventories
to support our customers’ needs.

e Spare parts will be readily available without
excessive minimum order requirements. -

¢ Standard parts with volume requirements will
remain in production longer.

e Device markings are consistent from one
manufacturer to another.

* The program is extremely cost-effective. A
user can purchase a few devices for engineer-
ing evaluation and prototyping and know that
they will be identical to the devices he will get
during production. When the cost factors as-
sociated with spec. writing, supplier qualifica-
tion, maintaining voluminous parts control
documentation, and the more intangible bene-
fits of device availability are totaled, use of

~ JAN ICs is overwhelmingly the most cost-
effective approach.

Advantages to the Supplier

What motivates a supplier like National Semi-
conductor to be so heavily committed to the
MIL-M-38510 program? National has the broad-
est range of reliability processed products avail-
able in the semiconductor industry. A program
such as MIL-M-38510 helps to standardize the
processing required and to minimize the number
of individual user specifications. This allows
National to concentrate more resources on this
program, thereby improving product quality and
availability.

The Most Frequently Asked Questions and
Answers about MIL-M-38510

‘There are many questions which are frequently

asked regarding the MIL-M-38510 program. We
would like to answer some of them.

Q. WHAT MUST A MANUFACTURER DO TO GET
HIS PARTS LISTED ON THE QPL? -

A. There are two things which a manufacturer is
required to do. First, he must get his facilities
(including wafer fab, assembly, and rel pro-
cessing areas) certified by DESC. This' re-
quires that each fab area used for QPL de-
vices must be approved. Second, for each -
specific device and package combination
listed on the QPL, the manufacturer must
perform extensive qualification testing and
provide detailed device information to DESC.
This data is typically supplied in two phases.



In the first phase, the manufacturer must
supply detailed information concerning the
device construction and electrical character-
istics. Once this data has been verified by
DESC to confirm that the manufacturer’s de-
vice meets the MIL-M-38510 requirements,
the manufacturer is listed on Part Il of the
QPL. At this point the manufacturer is legally
able to supply full JAN qualified devices
meeting ALL of the MIL-M-38510 require-
ments. The manufacturer must then perform
the full qualification testing of Method 5005
of MIL-STD-883 as specified in paragraph 4.4
of MIL-M-38510. Once this data has been
‘reviewed and- accepted by DESC, the manu-
facturer is listed on Part | of the QPL.

. IS THERE ANY DIFFERENCE IN DEVICES
PRODUCED WHILE A MANUFACTURER IS
LISTED ON PART II OF THE QPL AND THOSE
PRODUCED AFTER PART | QUALIFICATION
IS COMPLETED?”

. There is absolutely no difference. A supplier
must meet all of the device screening and
quality conformance requirements no matter
what his QPL status.

. HOW DOES A USER KNOW WHAT DEVICES
ARE COVERED BY SLASH SHEET SPECIFI-
CATIONS?

. Supplement 1 to MIL-M-38510 contains a list-
ing of the slash sheet specifications and a
cross reference to the generic part type. This

_is updated as new slash sheets are released.
National’s Reliability Handbook also con-
tains a cross reference.

. HOW CAN A USER OBTAIN COPIES OF THE
QPL, SUPPLEMENT 1 OF MIL-M-38510, MIL-
M-38510 ITSELF, AND MIL-STD-883?

. Copies of these and other related documents
may be obtained from:

Naval Publications and Forms Center
5801 Tabor Avenue

Philadelphia, PA 19120

(212) 697-2179

. WHAT ABOUT THOSE DEVICES FOR WHICH
NO DETAIL SPECIFICATION EXISTS?

. The ultimate aim of a standardization pro-
gram must be to furnish all parts. Requests
for addition of a part to MIL-M-38510 should
be made to DESC Directorate of Engineering,
Dayton, Ohio 45444, indicating a need for
slash sheets and/or suppliers to be qualifiyed
for the additional devices. National has a
form (available through local sales offices)
which may be used for this purpose. In addi-
tion, if only some parts are available, a user
can still see significant savings on those that
are available. :

Q. HOW IS A JAN QPL DEVICE MARKED?

A. Tables | and Il explain the details of the mark-
ing for JAN ICs. '

TABLE I. MIL-M-38510 Part Marking
_.!M3851OIXXXXXYYY

the Lead Finish

A = Solder Dipped

B=Tin Plate

C=Gold Plate

X = Any lead finish above
is acceptable

the Device Package (see
Table Il)

the Screening Level S or.B

the Device Number on the
Slash Sheet

the Slash Sheet Number
MIL-M-385810

The JAN prefix (which
may be applied only to a
fully conformant device
per paragraphs 3.6.2.1 and
3.6.7 of MIL-M-38510)

TABLE Il. JAN Package Codes

38510
PACKAGE
DESIGNATION

MICROCIRCUIT INDUSTRY
DESCRIPTION

14-pin 1/4” x 1/4” (metal) flatpack’
14-pin 3/16” x 1/4" flatpack

14-pin 1/4” x 3/4” dual-in-line

14-pin 1/4” x 3/18” (ceramic) flatpack
16-pin 1/4” x 7/8” dual-in-line

16-pin 1/4” x 3/8” (metal or ceramic)
flatpack-

8-pin TO-99 can or header

10-pin 1/4” x 1/4” (metal) flatpack
10-pin TO-100 can or header

24-pin 1/2” x 1-1/4” dual-in-line
24-pin 3/8” x 5/8” flatpack

12-pin TO-101 can or header -
8-pin 1/4” x 3/8” dual-in-line

40-pin 8/16” x 2-1/16” dual-in-line
26-pin 1/4” x 1-1/16” dual-in-line
20-pin 1/4” x 1/2” flatpack

18-pin 3/8” x 1-15/16” dual-in-line
22-pin 3/8” x 1-1/8" dual-in-line
Unassigned — Reserved for
identifying special packages whose
dimensions are carried in the detail
specifications.
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Q. ARE DEVICES CALLED “M38510, JAN PRO-
CESSED, JAN EQUIVALENT, ETC.” REALLY
QPL PRODUCTS?

A. Absolutely not. There is only one QPL prod-
uct — it is a JM38510 marked device. “JAN
Equivalent” is expressly forbidden by para-
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graphs 3.1 and 3.6.7 of MIL-M-38510. MIL-M-
38510 does provide for the production of
devices when no qualified sources exist, but
this may be done only with prior DESC ap-
proval, and products produced under this
provision must meet all requirements of MiL-
M-38510 other than qualification.

. HOW LONG CAN A SUPPLIER REMAIN ON
PART II OF THE QPL?

. For Class B, a manufacturer can remain on
Part Il for two years or until 90 days after
another supplier becomes qualified for the
same device package, screening level, and
lead finish combination on Part | of the QPL.
Class S devices may remain on Part |l for one
year after another manufacturer reaches
Part |.

. WHEN ANOTHER SUPPLIER OBTAINS PART
I QUALIFICATION, ARE THE OTHER QUALI-
FIED SUPPLIERS REMOVED FROM PART Ii
IMMEDIATELY?

. No. The supplier is given 90 days before
being removed from Part Il for a Class B de-
vice and one year for a Class S device. During
that time a supplier may legally accept orders
for those devices. After the end of the 90-day
or one year period, he may no longer accept
orders but may complete and ship those or-
ders received prior to that time, no matter
how long it takes him to complete them.

. IS A SUPPLIER EVER REMOVED FROM
PART | QUALIFICATION?

. Generally not. As long as a supplier contin--
ues to manutacture the device, maintains ap--

‘propriate facility approvals, and submits all
required reports and information to DESC
within stipulated time limits, he will retain
QPL | listing. Violation of these requirements
can be cause for removal from QPL.

. CAN AN AUTHORIZED DISTRIBUTOR SHIP

JAN DEVICES FROM HIS SHELVES IF THE
MANUFACTURER HAS.LOST HIS QPL LIST-
ING FOR THOSE DEVICES?

. Yes. As long as those devices were ordered
by the authorized distributor while the manu-
facturer had QPL listing for those devices,
the distributor may subsequently ship those
devices from his shelves.

. CAN A MANUFACTURER LEGALLY SHIP
JAN QPL MATERIAL HE ASSEMBLED AND
TESTED BEFORE HE RECEIVED A QPL
LISTING?

. Yes. The manufacturer must assemble and
screen parts to prove his ability to comply
with the specifications before he can be

-placed on QPL. As a result, his first iot of
. material, which is fully conformant to QPL
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product requirements, will have a date code
that is earlier than the date he is placed on
the QPL. However, the manufacturer may not
begin to assemble and test uniess he has a
line certification and an approval to proceed
with qualification.

. WHAT IS THE RELATIONSHIP BETWEEN

MIL-M-38510 AND MIL-STD-883?

. MIL-M-38510 defines. complete program

requirements and the detail device electri-
cal performance " parameters. The device
processing requirements are specified in
MIL-STD-883.

. SUPPOSE DEVICES ARE KEPT ON A MANU-

FACTURER'S OR DISTRIBUTOR’S SHELVES
FOR A PERIOD OF TIME; MUST THEY EVER
BE RETESTED TO VALIDATE THAT THEY
STILL MEET SLASH SHEET CHARACTER-

ISTICS?
. Yes. Devices held by a manufacturer or by his

authorized distributor which have a date
code older than 24 months must be retested

“by the manufacturer in accordance with

Group A sampling requirements prior to ship-
ment to a customer or return to inventory.

.'WHY SHOULD A USER SPECIFY “X" IN

THE LEAD FINISH DESIGNATION FOR A
PART TYPE?

. A manufacturer who receives an order for a

specific lead finish for which he is qualified
but has no inventory at the time of order may
not be able to fill the order in a timely man-
ner, even though he might have substartial
inventory .of another lead finish. Unless a
user has a specific reason for wanting a par-
ticular lead finish, he should.allow his sup-
pliers the flexibility of shipping whatever
finish is available.

. WHAT DATA IS A MANUFACTURER RE-

QUIRED TO SHIP WITH A JAN PART?

. A certificate of conformance is all that is re-

quired. However, he must retain all data for
three years.

. CAN.A DEVICE FOR WHICH THERE IS NO

SLASH SHEET BE PROCESSED TO MiL-M-
385107

. Since MIL-M-38510 invokes a combination of

the processing requirements of MIL-STD-883
and the detail device performance param-

. eters contained in each individual slash

sheet, the answer is obviously no. However,
National's 883B/RETS™ program does pro-
vide parts which meet all of the screening
requirements of the MIL-STD-883 specifica-
tion and which have been subjected to all of
the MIL-M-38510 controls (except for
domestic assembly).



TABLE lll. Sample MIL-M-38510 Listing

GOVERNMENT DESIGNATION TEST REPORT
DEVICE | DEVICE| CASE |LEAD MATERIAL| NUMBER MANUFACTURER’S NAME
TYPE* CLASS | OUTLINE AND FINISH
.M38510/008
01 S only A (o] 38510-953-81 | National Semiconductor Corp.
01 B C A 38510-953-81 | National Semiconductor Corp.
02 D B 38510-30-7T
03 B C A 38510-520-83 | National Semiconductor Corp.

**M38510" is the military designator for MIL-M-38510. The QPL shows this notation even though the parts are fully qualified devices and are
marked JM38510/XXXXXYYY. '

Q. HOW IS AN INSPECTION LOT DEFINED?

A. For Class B devices, each inspection lot shall
consist of microcircuits of a single device

Q. WHAT DOES A QPL LISTING LOOK LIKE
AND HOW DO YOU READ IT?

A. Sample QPL listings are shown in Table Iil.

JM38510/00801SAC
JM38510/00801BCA
JM38510/00801BCB
JM38510/00801BDA
JM38510/00801BDB
JM38510/00802BCA
JM38510/00802BCB
JM38510/00802BDA
JM38510/00802BDB
JM38510/00803BCA
JM38510/00803BCB

Q. WHAT QUALITY CONFORMANCE TESTS
ARE CONDUCTED? ARE ALL DEVICES IN
A GENERIC FAMILY EVENTUALLY SUB-
JECTED TO QUALITY CONFORMANCE
TESTING? k

. For B level devices quality conformance
tests must be conducted as follows:

Group A—Each inspection lot or sublot.

Group B—Each inspection lot for each pack-
age type and lead finish on each
detail specification.

Group C—Periodically at 3-month intervals
on one device type or one inspec-
tion lot from each mircocircuit
group in which a manufacturer has
qualified device types (die related
tests).

Group D—Periodically at a 6-month interval
for each package type for which a
manufacturer holds qualifications
(package related tests).

Different devices within a generic family are
chosen for successive quality conformance
tests until all of the devices have been sub-
jected to testing. The sequence is then re-
peated. The manufacturer must submit attri-
butes data to DESC for all quality confor-
mance tests performed.
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type, in a single package type and lead finish,
or may consist of inspection sublots of sev-
eral different device types, in a single pack-
age type and lead finish, defined by a single
detail specification. Each inspection lot shall
‘be manufactured on the same production
line(s) through final seal by the same produc-
tion techniques, and to the same device
design rules and case with the same material
requirements, and sealed within the same
period not exceeding 6 weeks.

Q. WHAT IS NATIONAL SEMICONDUCTOR'S

COMMITMENT TO MIL-M-38510?

. National Semiconductor is convinced that
the level of standardization offered by a pro-
gram like MIL-M-38510 is the key to long-term
military component procurement viability.
We have a corporate commitment to MIL-M-
38510. We believe that the program will be of
significant benefit in lessening the problem
of product obsolescence, for the volume pro-
vided will help to keep many key devices in
production. We believe that the program will
make possible the procurement of devices in
small quantities with reasonable lead times
for long-term spares or field maintenance
requirements. :

National Semiconductor will continue to
maintain a broad base of line certifications
and an extensive list of Class B and Class S
device qualifications. We will -continue to
work with the Department of Defense, con-
cerned users, and other semiconductor man-
ufacturers to update and redefine the appli-
cable specifications. We feel that this level of
support is essential if MIL-M-38510 is to re-
main the strongest standardization program
available.

In addition, we will continue to add capacity
and to build up substantial inventories of a
large spectrum of products to ensure the




availability and the lead times that are
_needed for key military programs.

National Mil/Aero Standardization
Programs

Your -customer has imposed upon you re-
quirements for product reliability that you must
meet on every single component you buy. In
most cases, these requirements mandate that
you buy JAN MIL-M-38510 parts where they are
available, and that all other devices must be as
close to JAN as is achievable. We don’t consider
this unreasonable. In fact, we believe that this is
the only reasonable and intelligent approach.

To meet this objective, we designed our 883B/
RETS program around requirements that were
already imposed for the MIL-M-38510 program.*
We realize that there are many so-called stan-
dardization programs available in the market-
place which lack the compliance that you need.
Our 883B/RETS program is totally compliant. We
invite you to make this comparison between
what we offer and what you need. Our screening
flow, our 5% PDA, our quality conformance test
frequency, and the other items that you consider
important, match ‘exactly the requirements
defined in MIL-M-38510.** If they did not, we
could not offer Total Standardization.

Standardization provides the manufacturing effi-
ciencies needed by the semiconductor manufac-
turers if they are to meet military semiconductor
needs. To the user, standardization offers the
highest guarantee of quality and reliability
through production consistency and uniformity.
The most significant benefit of standardization
to the Department of Defense, however, is that it
ensures the availability of component level
spares to key programs with the pricing, deliv-
ery, and reliability needed for the field support
and maintenance of our key defense'electronics
systems. ‘

National’s MIL-M-38510 Emphasis

To implement this view of standardization, we
have based our entire approach to military
screening upon the Class S and Class B require-
ments of MIL-M-38510. We are convinced that to
do less-than this would be toprovide an inferior
product, one that does not meet the true needs
of the Department of Defense. Our 883B/RETS
microcircuits are processed through the most
comprehensive and compliant Class B screen-
ing program offered by any semiconductor man-

*Requirements that were subsequently incorporated into MIL.-
STD-883 '
**and MIL-STD-883.
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ufacturer. We have tried to emulate MIL-M-38510
to the fullest extent possible, with the same pro-
duction controls, calibration schedules, rework
and resubmission procedures, operator certifi-
cation requirements, and all of the other key ele-
ments of MIL-M-38510. The procedures that we
employ in the production of MIL-M-38510 de-
vices are used for all of the military devices we
manufacture.

Our 883S/RETS microcircuits are processed
through a screening flow that matches the MIL-M-
38510 Class S flow exactly. Our commitment to
MIL-M-38510 Class S is such that once qualified
for a given device type we will sell that part only
as a JAN Class S part. Class S QPL listing will

“result in the immediate removal from production

of the 883S/RETS version of the device.

National’s Commitment

But compliance flows are obviously meaning-
less unless the capacity is in place to support
them. We have the industry’s largest screening
capacity. Over the past few years we have rein-
vested substantial sums 'in additional capital
equipment in both buildings and the equipment
with which to fill those buildings. Our Tucson,
Arizona plant was the first plant in the entire in-
dustry to be totally dedicated to the production
of military integrated circuits. We will continue
to add capacity for military assembly and test,
even during those periods when others turn
away from the military marketplace in pursuit of
what they view to be the more attractive com-
mercial market. We feel that a commitment to
the needs of the military/aerospace user com-
munity should not be based upon the conditions
encountered in the commercial marketplace. We
have no plans for other than a continued long-
term commitment to military/aerospace compo-
nent production and screening. And we will not
deviate from the highest standards of quality
and reliability in our execution of that commit-
ment. There are no shortcuts to semiconductor
reliability. It can only be achieved through rigid
adherence to established standards.

However, we also acknowledge the quite obvi-
ous fact that through refinement and redefini-
tion, standards are subject to change. As those
changes occur, we will update our current proce-
dures to reflect the changes that find their way
into MIL-M-38510 and MIL-STD-883. We will,
where our understanding of semiconductor reli-
ability and screening indicates the need, actively
pursue those changes that we feel wili allow our
industry to provide a better product to the sys-
tems manufacturers. We will also steadfastly
resist those changes which we feel sacrifice reli
ability to the less important question of
expediency.



National’s Standard Programs

MIL-M-38510 is the key military standardization
program for |Cs. National is equally committed
to the support of the requirements of the space
segment of the market for MIL-M-38510 Class S
devices. To support these needs we have estab-
lished dedicated Class S assembly and test
facilities. The realization that users could not
obtain all the device types they required through
these programs led National’s Military/Aero-
space Products Group to the development of
two of the strongest and most compliant in-
house programs in the industry. National pro-
grams for 883B/RETS and 883S/RETS microcir-
cuits provide the systems manufacturer with an
easy mechanism for obtaining those devices not
listed on the MIL-M-38510 QPL. In response to
other user needs, National also developed a pro-
gram for radiation hardened devices (both
CMOS and linear), a comprehensive program for
radiation susceptibility testing for Class S
devices, and a program for the production of
devices in leadless chip carriers (LCCs).

RETS and Burn-In

One of the primary advantages of MIL-M-38510 is
its clear definition and standardization of elec-
trical test and burn-in requirements. One of the
major drawbacks seen in the standard reliability
screening programs of most semiconductor
manufacturers is that electrical testing is invari-
ably performed to some document that is not
available to the user. The user has the right to
know what he is buying. At Nationai that testing
is never vague or undefined. Both in-house pro-
grams (883B/RETS and 883S/RETS) are based
upon a document called the RETS (an acronym
for Reliability Electrical Test Specification. The
RETS is a simplified but complete description of
the testing performed as part of National’s stan-
dard Rel electrical test programs, and is con-
" trolled by our QA department. The burn-in cir-
cuits and electrical test parameters for the MIL-
M-38510 Class S and Class B devices produced
by National Semiconductor are defined by the
applicable detail specification.

Ordering ICs from National

Ordering National Semiconductor High Reliabil-
ity integrated circuits is very simple. National
sales offices and sales representatives can pro-
vide price and delivery information on our entire
line of JM38510 Class B, JM38510 Class S, 8838/
RETS and B8B3S/RETS microcircuits. A large
percentage of these devices are available from
inventory at either the factory or at one of our
many distributors.
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Ordering to Control Specifications

We also acknowledge the fact that many military
systems manufacturers must, for contractual
purposes, maintain their own specifications for
many of the devices that they purchase. We have
no objection to the use of contractor prepared
procurement specifications, for we have found
that the majority of these documents are written
in compliance with the requirements of MIL-M-
38510. Where this is true, we have found that
they are also totally compatible with our in-
house standardization programs. Where draw-
ings submitted to National differ from the
requirements outlined in MIL-M-38510, we wel-
come the opportunity to work with our custom-
ers to develop specifications which do meet the
intent of MIL-M-38510.

Where customer specifications and our 883B/
RETS product specifications correspond, we
have the ability to expedite delivery by adding
the customer part number in addition to the
basic 883B/RETS part number. Customers who
understand our program and wish to use the pro-
gram in their parts procurement may order by
placing “‘M/O” after their part number on their
purchase order, thus allowing us to mark their
part number on our 883B/RETS devices without
the lengthy delay normally required for a com-

" prehensive specifications review cycle. We have

tried to provide programs that offer the maxi-
mum level of flexibility within the constraints of
standardization.

Standardization is the key to cost-effective pro-
curement of high reliability semiconductor de-
vices. National Semiconductor Corporation is
committed to that standardization.

Military Processing: A Corporate Commitment

The National Semiconductor Military/Aerospace
Products Division draws upon the total re-
sources of National Semiconductor. National is
one of the world’s largest manufacturers of
semiconductor products, offering the largest
number of product types available from any sin-
gle source in the industry. This product line is
growing faster than that of any other worldwide
semiconductor manufacturer. Each new product
is carefully evaluated for possible military/aero-
space usage potential, and new product designs
must comply with the reliability and quality con-
straints required by that segment of the in-
dustry. All new product designs are targeted to
full military temperature range operation.

In addition, a dedicated Reliability Engineering
Department within the Military/Aerospace Prod-




ucts Division coordinates burn-in circuit design,
test tape development, test fixturing, support

documentation, and new product release paper-

work to ensure the earliest possible introduction
of fully compliant 883B/RETS versions of the
new products introduced by the company.

We are able to do this well, for National is no new-
comer to this business. Founded in Danbury,
Connecticut in 1959, National acquired an entire
new management team in 1967 and moved cor-
porate headquarters to Santa Clara, California.
The new management team focused its atten-
tion on the transistor product line, and rapidly
made that line profitable. Then the company’s

talents were turned to the development of linear,"

digital, and MOS integrated circuits- — the
fastest-growing segments of the semiconductor
marketplace. Finally, an OEM representative and
distributor network was established to develop
and service a broad customer base, and facili-

ties were added around the world to provide

“competitive products to worldwide markets.

The Reliability Test Department was initially
formed in 1968 and reported at that time to the
Director of Quality Assurance. The Rel Depart-
ment developed the same rapid growth rate that
the company as a whole had shown. From a
small staff occupying several thousand square
feet in Santa Clara, these reliability test opera-
tions grew until today they employ over 3000
people worldwide. Well over 200,000 square feet
are devoted to the testing and assembly of high

reliability products. During 1981, the Military/

Aerospace Products Group became the Military/
Aerospace Products Division. The company is
currently involved in a number of military re-
search and development programs, including a
Phase | VHSIC contract.

VHSIC involvement was natural since National’s
technological leadership has enabled the com-
pany to consistently be one of the major sup-
pliers of military/aerospace semiconductors.
Having continued to develop a high technology
image through the development olf Megarad
hardened CMOS and linear device types, and the
development of TRI-CODE™ Jogic, National is
now expanding technology frontiers in the areas
of memory, microprocessor, and data acquisi-

tion products. As a result of all this innovation,
National has become the only company in the
entire semiconductor industry capable of pro-
viding high reliability devices from all of the
following product lines:

linear
hybrid
CMOS logic
Megarad CMOS logic
- bipolar memory
MOS RAMs
CMOS RAMs
MOS EPROMs
CMOS EPROMs
MOS EEPROMSs .
data acquisition devices
standard TTL
low power TTL
low power Schottky
standard Schottky
interface devices
bipolar microprocessors
MOS microprocessors
CMOS microprocessors
COPS™ microcontroliers
high-speed CMOS Schottky
advanced low power Schottky
‘advanced Schottky

National Semiconductor has wafer fabrication
plants in Santa Clara, California; Salt Lake City,
Utah; Arlington, Texas; and Danbury, Connecti-
cut. Many of these fabrication plants, along with
our assembly and test lines in Santa Clara, Cali-
fornia and Tucson, Arizona, have been fully certi-
fied for the production of Class S and Class B
MIL-M-38510 circuits.

" To support the requirements of the Class S mar-
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ketplace, we have our own SEM and radiation
testing facilities. Our screening capabilities are
backed up by one of the most extensive failure
analysis labs in the industry.

National is the leader in the military/aerospace
integrated circuit market. We have achieved that
leadership by offering an unmatched combina-
tion of technology, - product breadth, under- -
standing, commitment and capacity.



883B/883S/RETS Screening Flows

WAFER FABRICATION &
DEVICE ASSEMBLY

PRECAP VISUAL INSPECTION
MIL-STD-883 METHDD 2010
CONDITION B

SEALING

STABLILIZATION BAKE
MIL-STD-883 METHOD 1008
CONDITION C
i
TEMPERATURE CYCLING
MIL-STD-883 METHOD 1010
CONDITION C
i
CONSTANT ACCELERATION
MIL-STD-883 METHOD 2001
CONDITION E (Y1 ONLY)

1
FINE LEAK TEST
MIL-STD-883 METHOD 1014
CONDITION A OR B
1
GROSS LEAK TEST
MIL-STD-883 METHOD 1014
CONDITION C
i
INTER!IM ELECTRICALS AT
+25°C OC PER RETS
(AT MANUFACTURER'S OPTION)

i

BURN-IN TEST MIL-STD-833
METHOD 1015. CONDITION A, B,
C OR D. 160 HOURS AT 125°C
OR EQUIVALENT
T

INTERIM ELECTRICALS
25°C OC PER RETS
PDA=5% -

FINAL ELECTRICAL TEST
PER NSC RETS
+125°C. ~55°C OC
(INCLUDES FUNCTIONAL

TESTS) +25°C AC

(QUALITY CONFORMANCE TESTING
GROUP A — EACH SUBLOT
GROUP 8 — EACH LOG

GROUP C — EVERY 90 DAYS PER|
MICROCIRCUIT
GROUP

GROUP D — EVERY 6 MONTHS
PER PACKAGE TYPE

EXTERNAL VISUAL
MIL-STD-883 METHOD 2009
NATIONAL OFF-THE-SHELF
INVENTORY PROGRAM

FIGURE 1. NATIONAL'’S 883B/RETS CLASS B
SCREENING FLOW

ASSEMBLY
DIE SHEAR
TESTING

ASSEMBLY
BOND PULL
TESTING

100% NON-DESTRUCTIVE BOND
PULL TESTING (METHOD 2023

PRECAP VISUAL INSPECTION
(METHOD 2010. COND. A

STABILIZATION BAKE
{METHOD 1008. COND. C)

TEMPERATURE CYCLING
{METHOD 1008. COND. C)

CONSTANT ACCELERATION
(METHOD 2001, COND. E)
Y1 AXIS ONLY

PIND (METHOD 2020) COND. A
SERIALIZATION

INTERIM ELECTRICAL TEST
25°C DC

READ-AND-RECORD
ALL PARAMETER:

STATIC | BURN-IN
24 HRS — 125°C

Vin=Vour =10
T —

INTERIM
ELECTRICAL TEST
25°C DC
COMPUTE A3
POA PER NOTE 4

24 HRS — 125°C
Vin=Vour =Vec

STATIC (| BURN-IN |

INTERIM
ELECTRICAL TEST
25°C OC
COMPUTE as
POA PER NOTE 4

DYNAMIC BURN-IN
240 HRS — 125°C
Vin=Voyy=0 T0 Ve °
AT 100 kHz

INTERIM ELECTRICAL TEST
(POST BURN-IN) OC 25°C
PDA=5%

DRIFT (.3) CALCULATION

FINAL ELECTRICAL TESTS
OC AT 125°C —55°C

NOTES:
. ALL METHODS REFERENCED ARE MIL-STD-883 TEST METHODS.

2. THESE TESTS ARE PERFORMED ON A SAMPLE BASIS. ALL OTHER
TESTS ARE PERFORMED 100%.

3. ACCEPTANCE CRITERIA SHALL BE IN ACCORDANCE WITH
MiL-M-38510.

4. THE PDA FOR STYATIC | AND STATIC I8 BURN-IN SHALL BE 5%
TOTAL.

§. THE PDA INCLUDES A FAILURES.

6. GROUP A AND BOND PULL AND DIE SHEAR TESTING OF GROUP B
MAY BE PERFORMED ON-LINE.

7. ALL ELECTRICAL TESTING SHALL BE IN ACCORDANCE WITH THE

APPLICABLE RETS OR THE APPLICABLE MIL-S-38510 DETAIL
SPECIFICATION.

KINCLUDING FUNCTIONAL TESTS)|
25°C AC

FINE LEAK TEST
{METHCD 1014. COND. B)

GROSS LEAK TEST
(METHOD 1014. COND. C)

X-RAY INSPECTION
(METHOD 2012)

QUALITY CONFORMANCE TESTS
(METHOO 5005. GROUP A.
GROUP B, AND GROUP D)

EXTERNAL VISUAL
(METHOD 2008)

FIGURE 2. NATIONAL'’S 883S/RETS CLASS S

SCREENING FLOW
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THE A + RELIABILITY ENHANCEMENT PROGRAM

The quality and reliability of National Semiconductor’'s
products have always stood among the best in the
business.

But as the complexity of semiconductor devices in-
creased over the years, many of our customers—
especially those whose products were highly sensitive
to warranty and repair considerations—began asking us
for the benefits associated with additional processing.

So we set out to develop ways to provide the extra
measure of quality and reliability needed for high-stress
or difficult-to-service applications; to make these
enhanced products available on an immediate-delivery
basis; and to do. it all for a cost low enough that our
customers could remain competitive in their own
markets.

This led to the A+ product reliability enhancement pro-
gram which incorporates iot stress screening and
testing beyond that which standard product receives.

HERE’S HOW WE DOIT

Quality—the measure of a component’s conformance to
specification—and reliability—the measure of the com-
ponent’s performance over time—both depend upon the
tight control of materials; on precision design and
fabrication techniques; and on the perfection of a com-
ponent’s assembly and packaging.

But quality and reliability also depend upon the kind of
thorough testing that we do at National Semiconductor.

Using state-of-the-art, automated test equipment and
handling methods, we test each and every A+ device
under the most extreme conditions in which it might be
used. We monitor test results, and feed those results to
our special failure-analysis laboratory. And we do it all
foronly pennies a unit.

WEIGH THE ADVANTAGES

Our A + program allows you:

B To minimize the need for incoming electrical
inspection.

B To eliminate the need for (and cost of) using an in-
dependent testing laboratory and purchasing ex-
cess inventory to cover expected yield loss.

B Areduction in infant mortality rate.

B Areduction in the cost of reworking boards.

B Areduction in warranty and service costs.

ABOUT A + PRODUCT ENHANCEMENT

If your business is driven by the need to minimize elec-
trical inspection, to cut down on board rework, and
to gain a further reduction in infant mortality rate,
National’s A+ Product Enhancement is the program
you should consider.

A+ incorporates the benefits of the multiple-pass and
elevated temperture testing found in the B+ Program,
along with an additional test—a combination of in-
creased temperature and applied voltage known as
“burn-in”—that in just hours can stress a device to the
equivalent of years of normal operation.

The A+ Program gives you:

M High-temperature electrical testihg at or above the
commercial ambient limit.

B 100% multiple-pass electrical testing.
B A “burn-in” test combining increased temperature
with applied voltage.

B Acceptable Quality Levels many times more strin-
gent than the industry norm.

EARLY LIFE | USEFUL LIFETIME. [  WEAROUT

(DECREASING | .(CONSTANT (INCREASING

FAILURE RATE)| FAILURE RATE) FAILURE RATE)
=
w
&
s INFANT MORTALITY FAILURES
§ : .
3

IMPROVE BY BURN-IN
PRIOR TO TIME=1g
to Y t2
TIME —
IMPROVEMENT AYTRIBUTED TO REDUCTION OF
] INFANT MORTALITY THROUGH BURN-IN.
£ :
£
s
]
5
g o9 “““'\\\
- W \
o ‘\\“\\-\
sl

to h f
TIME—>
COMPONENT BURN-IN FEATURED IN THE A+ PROGRAM, REDUCES INFANT

MORTALITY FAILURES AND TOTAL COMPONENT FAILURES OVER THE
LIFE OF YOUR PRODUCTS.
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THEA + FLOW

W SEM: Randomly selected wafers are regularly
taken from production and subjected to SEM
analysis.

B Assembly and seal: All assembly processes are
designed and monitored to produce products of
the highest quality and reliability. Molded
semiconductors are encapsulated with epoxy B.

B Six hour, 150°C bake. This stress places the die
bond and all wire bonds into a combined tensile
and shear stress mode, eliminating marginal
bonds and insuring an optimum plastic seal.

B Five temperature cycles (0°C to 100°C) based on
Mil-STD-883 method 1011, condition A, exercising
each device over a 100°C temperature range pro-
vides an additional die and package stress.

M Electrical test: Each device is electrically tested
prior to submission to burn-in.

M Burn-in: Each device is burned-in for the
equivalent of 160 hours at + 125°C. The combina-
tion of elevated temperature and applied voltages
places the die and package under severe stress.

B DC parametric and functional tests: These room
temperature and high temperature functional and
parametric tests are the comprehensive final tests

. through which all parts pass and are designed to
guarantee compliance to data sheet parameters
and functionality over the specified operating
range.

M Tightened quality control inspection plans: Each
lot is guaranteed to meet the AQL’s listed in the
following table:

Product Availability

The following MOS Memory Parts are currently available
with A+ screening:

HMC2147H 4K NMOS Static RAM
HMC2148H 4K NMOS Static RAM
MM2716 16K NMOS EPROM
NMC27C16 16K CMOS EPROM
NMC27C32 32K CMOS EPROM

At National Semiconductor we turn out more than six
million semiconductor products every day, and we bulld
each one to standards that have been called the best in
the business.

But if your business requires the benefits associated
with additional processing, take a look at the A + Product
Enhancement Program from National Semiconductor.

You'll find a combination of state-of-the-art processing,
manufacturing and testing facilities combined with
quality and reliability monitoring that provides you with
the broadest base of enhanced semiconductor products
available In the market.

CALLUSONIT.

If you would like to know more about how our off-the-
shelf product enhancement programs can benefit you,
give us a call. We'd be happy to show you, in detail, how
our A + Programs can work for you.

When it comes to the many uses of semiconductor tech-
nology, National Semiconductor is making the most of a
good thing.
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MST™ Program

The System Environment Approach to

Memory Component Testing

The Memory System Test (MST) program is designed to
provide our customers with mainframe memory com-
ponents that have already been through the test/temper-
ature processing that the user normally implements at
the board level.

This program assures memory components of signifi-
cantly better quality and higher reliability than that
achieved by the usual approach to memory component
testing. MST processed components have experienced
board level environmental testing over the temperature
range of 25°C to 70°C.

Specifying MST processing offers you the following:

B Eliminates the need for additional burn-in and test-
ing at independent test laboratories.

B Eliminates inventory throughput time at incoming
test or at independent test laboratories.

B Simplifies system checkout and shortens card
burn-in/test.

B Reduces board rework.
B Reduces field failures and equipment downtime.
]

Provides soft error detection during component
processing.

B Provides mobile ion drift detection during compo-
nent processing.

B Increases reliability.

M Provides parts that have already operated In a
system environment within system margins at
maximum operating temperature.

The result is you get higher quality at lower cost.

THE MST SCREEN

The screening performed by National for MST products
has a very significant improvement over standard product
flows done by most dynamic RAM suppliers. National
employs a Memory System Test (MST) which is a burn-in
oven with added capability for driving components with
various test patterns and monitoring component outputs
for proper data. Parts are loaded in the MST oven and
burned-in. They are then tested in the MST oven immedi-
ately after burn-in and are verified to operate properly
over an extended test time at high and low temperatures.

MST parts are thus tested in a system environment with
thousands of other RAMs operating in close proximity.
This test more closely approximates a field environment
than does a single insertion test.

Testing the parts in the burn-in chamber immediately
following burn-in also weeds out mobile ion problems.
During burn-in mobile ions migrate to the silicon-oxide
interface where they are most likely .to cause failures.
Thus a test immediately after burn-in will detect mobile
ions in a worst case condition.

The extended test time of MST parts at both high and
low temperature will also detect intermittent failures. A
single insertion test normally runs a pattern only once,
whereas the MST will run all patterns over and over,
giving an intermittent problem many opportunities to
occur. ‘

The MST also gives absolute knowledge of burn-in. if a
part does not make total electrical contact when plugged
into the burn-in socket, it will malfunction during MST
and be classified as a reject. Thus the electrical stressing
as well as the high temperature of burn-in are insured.

The MST screen detects the above possibie defects, as
well as accomplishing normal burn-in screen. The normal
burn-in performs the early tife operation at an accelerated

" rate and weeds out infant mortalities. The MST burn-in is

done at 125°C minimum and at voltage levels above nom-
inal for additional stress on the parts.

In addition to the above screening, MST parts are tested at
high temperature and room temperature with heavy timing
guardbands or critical parameters. Parts are tested with
power supply voltages and input drivers guardbanded
beyond the data sheet specifications. The parts are also
tested to a very tight AQL at outgoing QA. Thus customers
using MST products not only profit from excellent long
term reliability, but they also experience fewer system in-
compatibility problems and have negligibly small incom-
ing reject rates.

PRODUCT AVAILABILITY

National has shipped millions of MST screened parts
and the program has been well received in the industry.
Many users have seen board problems disappear and re-
ject rates decrease by an order of magnitude after con-
verting to MST.

All NMOS dynamic RAMs that National builds are avail-
able with MST screen.
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OPERATING LIFE TEST RESULTS

The Biased Life Test at accelerated temperatures is the
principal method of evaluating microcircuit reliability.
This method is particularly useful because it provides a
means of accelerating time-to-failure of temperature-
sensitive failure mechanisms. By this method small
sample tests can be used to predict actual field perfor-
mance of the product lots sampled.

The nature of the operating stress selected differs for
each unique circuit. Elevated ambient temperatures are
used to accelerate thermally sensitive failure mecha-
nisms. Voltage bias conditions are selected to approxi-
mate best the system bias conditions in normal design
.applications. Acceleration of bias or current stresses is
not attempted.

Test ambient temperatures are selected to assure that
junction temperatures do not exceed the critical molded
thermal-expansion transition temperature of 140°C for
Epoxy-B materials.

FAILURE RATE TREND AT T;=<140°C

If a Weibul plot of failure-times were made, the Weibul
parameter estimation of the rate of reliability improve-
ment with life test (3) would be approximately equal to
0.50. The Weibul function is one which is commonly
used to describe mathematically the failure rate of a
solid state device as a function of time. It is also known
as the Type |1} Extreme Value Distribution. its probability
density function may then be shown to be:

f(r—7)=%(f—'v)ﬂ"e'(?)

v (the location parameter) is assumed to be equal to 0
hours. g is the key parameter estimator for this product
and may be used to tell when a failure rate is constant,
increasing, or decreasing. In this instance, because the
estimated value of g is less than 1.0, the interpretation is
that the basic failure rate for these products improves
with time. -

A second approach to estimating failure distributions is
to use the log-normal distribution. Using information
from current product tests, Figure 1 was constructed to
assist in estimating the effectivity of various burn-in
time periods (based on 1,000-hour test results) by taking
all failures occuring within 1,000 hours and plotting
them as a normal density function with respect to the
log of time. In Figure 1, the statistical fit with observed
datais good. In that figure it is estimated that one-fourth
of all failures occured within the first 70 hours of
testing.

ESTIMATION OF USE-CONDITION FAILURE RATE

All National products are subjected to ongoing reliabili-
ty evaluations. These evaluations employ various accel-
erated life tests, including dynamic high-temperature
operating life, temperature-humidity life, temperature
cycling, and thermal shock. A guide to the use of these
tests in estimating equipment reliability is provided by
accelerated life testing. The following discussion
analyzes the effects of temperature and the use of the
Arrhenius failure rate model in estimating failure rates
at other temperatures.

THE ARRHENIUS MODEL

The time and temperature dependence of virtually all
long-term semiconductor failure mechanisms is a well
established fact. The occurrence of this failure depend-
ency can be represented by the Arrhenius Model. This
mode! includes the effect of temperature and activation
energy of the failure mechanism, permitting it to be
used to characterize failure modes and predict reliability
at normal operating temperatures based on tests per-
formed at above-normal device junction temperatures.

Originally developed in the 1880s to describe chemical
reaction rates, the Arrhenius Model was adapted to ac-
celerated life testing for logical reasons. Faced with the
critical need for full validation of accelerated life test
data, researchers easily theorized that chemical pro-
cesses were the cause of degradation of electronic
parts. And, since temperature was commonly used in

SCREENING EFFICIENCY OF BURN-IN
PLOTS PERCENT OF LIFE TEST FAILURES EXPECTED TO BE SCREENED vs TIME ON BURN-IN

FIGURE 1. Screening Efficiency of Burn-In
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accelerated testing, the Arrhenius Model was applied
and found to fit the data. The model was subsequently
validated by years of reliability testing and found to be
both a valuable design too! and a useful adjunct to the
state of the art of accelerated life testing technology.

As applied to accelerated life testing of semiconduc-
tors, the Arrhenius Model assumes that degradation of a
performance parameter is linear with time, with the
MTBF a function of the temperature stress. The temper-
ature dependence is taken to be the exponential func-
tion that defines the probability of occurrence, resulting
in the foliowing formula for defining the lifetime or
MTBF at a given temperature stress level when knowing
the MTBF at a second temperature stress level.

where:
t, = MTBF at junction temperature T,
T = Junction temperature in °K (absolute)
E =Thermal activation energy in electron volts
(eV)
K = Boltzman'’s constant (8.617 x 10~ 5 eV/°K)

Given the temperature and failure rate for a specific
reliability test, the remaining unknown is the activation
energy E. The value for E can be arrived at through ex-
perimentation or by assumption of the validity of the
historical data. -

The activation energy serves as a convenient means of
characterizing the failure mechanisms. If the activation
energy is known, or can be estimated, the acceleration
factor can be determined, allowing field failure rate and
useful life to be calculated from the accelerated life
tests. . }

In calculating the field reliability of a semiconductor
device, it is first necessary to calculate the junction
temperature both for the reliability test and for actual
field operating conditions. In general, the junction
temperature will depend on the ambient temperature,
cooling, package type, operating cycle times, supply

voltage and current. In these terms, the junction

temperature T;is given as: :

Ty =Ta+(lcc x Vee) (An) (JA)
where: T; =Junction temperature

Ta =Ambient temperature

lcc =Supply current

Vee = Supply voltage

As = Air flow factor (0.75) .

JA =Package thermal resistance

Now by estimating the failure rate at test temperature,
converting the test temperature and use condition
temperature to absolute temperatures (°K= °C + 273°),
and by assuming an activation energy, the use condition
failure rate can be estimated. This is the procedure per-
formed in estimating the failure rates where the value
for the activation energy was selected as 0.7eV.

TEMPERATURE AND HUMIDITY BIASED TEST RESULTS

For molded products, the most important test used to
evaluate package resistance to external moisture con-
taminants has been the DC-biased low-power life test
conducted in an ambient temperature of 85°C, with
relative humidity constant at 85%. In this test, the
package is placed in a chamber specially designed to
assure that the density of water vapor in the vicinity of
the device under test is constant for the duration of the
test. By this means, comparing the respective rates of
failure in humid and dry environments gives an indication
of the permissivity of the package.

s

The principal failure mechanism expected to be induced
by this “85/85" test is corrosion or one of its ancillary
effects. However this test is most effective because it
will also measure the long term potential for failure due
to other failure mechanisms as well. Some other poten-
tial failure mechanisms include those induced by bias
and temperature alone, by moisture induced changes in
surface states resulting in changed electrical perfor-
mance characteristics, and by those environmental
stresses on package materials. Each such failure
mechanism will have distinct failure characteristics that
are a function -of time on test. Each has its own
characteristic probability density function.

Numerous techniques are used to predict the accelera-
tion of the failure mechanisms by stressing at To=85°C
and RH =85% under bias. While each technique arrives
at the same general conclusions (i.e., the epoxy package
is fully able to withstand normal earth-level environments
such as those found in the vicinity of the Panama Canal),
little agreement has yet been reached as to the exact
method of ‘extrapolation. National Semiconductor uses
standard methods of calculating failure rates for 1,000
hours of testing, and combines temperature and relative
humidity as independent variables in the reliability equa-
tion. Prediction of extrapolated failure-acceleration fac-
tors using this model then becomes the product of the
estimated” acceleration which is .due to temperature
times the estimated acceleration which is due to relative
humidity.

- TIMETO MEDIAN FAiLURE

When time to median failure is of concern, this factor can
be treated similarly. .

Using the acceleration factor 208X provided by in-house
experiments for correlation with To=30°C and
RH=285%, and recognizing an average internal system
ambient temperature rise of 10°C, the time median failure
is increased to 38.0 years. The ambient conditions of
30°C and 85% RH are seldom realized on an annual
average basis in actual use conditions; except in those
places with. extreme climates, a more reasonable
assumption of the annual average environment would be
30°C ambient temperature and 50% relative humidity.
Under these more normal conditions, the time to median
failure increases another 7 X.
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FIGURE 2. Biased Humidity Life Test Summary
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STORAGE LIFE TEST RESULTS

Storage at a maximum rated condition has long been
used to test for atmospheric and chemical contami-
nants which are accelerated by temperature alone, and
which can adversely affect microcircuit performance.
The significance of this test has diminished as surface
passivation technology has matured and as internal at-
mospheric control within hermetically sealed devices
has effectively removed active ions from the die’'s
presence. Its role for molded DIPs has been reduced to
that of a test control only.

AUTOCLAVE OR “PRESSURE COOKER” TEST RESULTS

The autoclave test is performed as an accelerated
moisture-resistance test for molded microcircuit
packages. As the words “pressure cooker” imply, the
test samples are supported above a well of water in a
saturated atmosphere at an ambient temperature of ap-
proximately 121°C. At this temperature, two absolute at-
mospheres of pressure (1520 mm Hg) are maintained in
the vessel, and the saturated water vapor density is
1.144 kg/m3. While maintaining the relative humidity at

100%, the thermal activity of the water molecules is in-
creased significantly, thus increasing the saturated
water vapor fressure ninety-six times the normal
0.02156 kg/cm? at 30°C and 50% RH, or to 2.066 kg/cm?
at 121°C, 100% RH.

It is this increased activity and density of the water
molecules that provide the storage acceleration for this
test.'As in the “85/85" test, failure comes as a result of
corrosion or its by-products.

TEMPERATURE CYCLING TEST RESULTS

Temperture cycling tests the thermal compatibility of
the materials and metal used to make a microcircuit. In
testing molded packages, a 2,000 cycle “fatigue” test is
conducted to assure not only initial thermal compatibili-
ty, but comparative thermal compatibility throughout
the life of the circuit.

Each cycle consists of a minimum of 10 minutes at the
high temperature (T = 125°C), immediately followed by

10 minutes at the low temperature (To=0°C). This

cycling is repeated 2,000 times, with intermediate read-
ings taken at the 1,000-cycle point.
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Section 10 m
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all dimensions are in inches (millimeters)
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PACKAGES

Dual-In-Line Packages

(N) Devices ordered with “N” suffix are supplied in plastic molded dual-in-line packages. Molding material is a highly
reliable compound suitable for military as well as commercial temperaturerange applications. Lead material is copperor
alloy 42 with a hot solder dipped surface to allow ease of solderability.

(J) Devices ordered with the “J” suffix are supplied in a CERDIP package (ceramic lid and base sealed with high
temperature vitreous glass). Lead material is solder dipped alloy 42. .

(D) Devicesordered with the D" suffix are supplied in side brazed, multi-layer, ceramic dual-in-line packages. The leads are
Kovar or alloy 42 and either tin-plated, gold-plated, or solder-plated.

(Q) Devices ordered with the “Q” suffix are supplied in either a “D" or “J" package, but with a UV window.

Metal Can Packages

(H) Devices ordered with the “H" suffix are supplied in a metal can package. The cap is nickel finish and the leads are gold-
plated Kovar. Gold free construction using epoxy D/A is also available, with a tin-plated finish.

Flat Packages

(F) Devices ordered with the “'F" suffix are supplied in a multi-layer, ceramic bottom brazed flat package. The lid is plated
alloy 42, and leads are gold-plated, tin-plated, or solder-plated alloy 42 or Kovar.

(W) Devices ordered with the “W" suffix are supplied in a low-temperature ceramic flat package.
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