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A Corporate Dedication to
Quality and Reliability

National Semiconductor is an industry leader in the
manufacture of high quality, high reliability integrated
circuits. We have been the leading proponent of driv-
ing down IC defects and extending product lifetimes.
From raw material through product design, manufac-
turing and shipping, our quality and reliability is second
to none.

We are proud of our success . . . it sets a standard for
others to achieve. Yet, our quest for perfection is on-
going so that you, our customer, can continue to rely
on National Semiconductor Corporation to produce
high quality products for your design systems.

Al

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




Wir flihlen uns zu Qualitédt und
Zuverldssigkeit verpflichtet

National Semiconductor Corporation ist flihrend bei der Her-
stellung von integrierten Schaltungen von hoher Qualitét
und hoher Zuverldssigkeit. National Semiconductor war
schon immer Vorreiter, wenn es galt, die Zahl von IC Ausfél-
len zu verringern und die Lebensdauer von Produkten zu
verbessern. Vom Rohmaterial (iber Entwurf und Herstellung
bis zur Auslieferung sind die Qualitat und die Zuverléssigkeit
der Produkte von National Semiconductor sind uniibertrof-
fen.

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

La Qualité et La Fiabilité:
Une Vocation Commune Chez National
Semiconductor Corporation

National Semiconductor Corporation est un des leaders in-
dustriels qui fabrique des circuits intégrés d’une trés grande
qualité et d’une fiabilité exceptionelle. National a été le pre-
mier & vouloir faire chuter le nombre de circuits intégrés
défectueux et a augmenter la durée de vie des produits.
Depuis les matiéres premiéres, en passant par la concep-
tion du produit sa fabrication et son expédition, partout la
qualité et la fiabilité chez National sont sans équivalents.
Nous sommes fiers de notre succés et le standard ainsi
défini devrait devenir I'objectif a atteindre par les autres so-
ciétés. Et nous continuons a vouloir faire progresser notre
recherche de la perfection; il en résulte que vous, qui. étes
notre client, pouvez toujours faire confiance 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’industria al ver-
tice nella costruzione di circuiti integrati di alta qualita ed
affidabilitd. National & stata il principale promotore per I'ab-
battimento della difettosita dei circuiti integrati e per I'allun-
gamento della vita dei prodotti. Dal materiale grezzo attrav-
erso tutte le fasi di progettazione, 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. Il nostro desiderio di per-
fezione é d’altra parte illimitato e pertanto tu, nostro cliente,
puoi continuare ad affidarti a National Semiconductor Cor-
poration per la produzione dei tuoi sistemi con elevati livelli
di qualita.

A bl

Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation
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EEPROM Databook

Introduction

National Semiconductor Corporation’s EEPROM Databook
is a comprehensive collection of information on advanced,
non-volatile memory products covering the spectrum of this
mainstream semiconductor component category.

Virtually every electronic system being designed today re-
quires some level of storage capacity. National is committed
to designing and supplying high-performance programmable
non-volatile EPROMs and EEPROMs which are currently
finding increasing usage in a wide range of microprocessor-
based systems.

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 of-
fice or distributor.
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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 B Low cost

access memory fabricated using advanced floating gate  ® Single supply operation (5V+10%)
N-channel E2PROM technology. It is a peripheral memory  m TTL compatible

designed for data storage and/or timing and is accessed via 16% 16 serial read/write memory
the simple MICROWIRE™ serial interface. The device con- m MICROWIRE compatible serial 1/0
tains 256 bits of read/write memory divided into 16 registers
of 16 bits each. Each register can be serially read or written
by a COP400 series controller. Written information is stored
in a floating gate cell with at least 10 years data retention
and can be updated by an erase-write cycle. The
NMC9306/COP494 has been designed to meet applica-
tions requiring up to 1 X 104 erase/write cycles per register.
A power down mode reduces power consumption by 70 per- |
cent.

¥6¥d0D/90E6ONN

m Compatible with COP400 processors
m Low standby power

® Non-volatile erase and write

® Reliable floating gate technology

Block and Connection Diagrams Duak-in-Line Package
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NMC9306/COP494

Absolute Maximum Ratings

Voltage Relative to GND +6Vto —0.3V
Ambient Operating Temperature
NMC9306/COP494 0°C to +70°C

Ambient Storage Temperature
with Data Retention
Lead Temperature (Soldering, 10 seconds)

—65°C to +125°C
300°C

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

Electrical Characteristics o°c <ta< 70°C, Vog=5V +10% unless otherwise specified

Parameter Conditions Min Typ Max Units
Operating Voltage (Vcg) 4.5 5.5 \"
Operating Current (Icc1) Vec=5.5V,CS=1 10 mA
Standby Current (Iccz) Vec=5.5V,C8=0 3 mA
Input Voltage Levels
ViL -0.1 0.8 \"
VIH 2.0 Vec+1 v
Output Voltage Levels
VoL loL,=2.1 mA 0.4 \"
VoH loH= —400 pA 2.4 v
Input Leakage Current ViN=5.5V 10 MA
Output Leakage Current Vour=5.5V,CS=0 10 RA
SK Frequency 0 250 kHz
SK HIGH TIME tgkH (Note 2) 1 s
SK LOW TIME tgk (Note 2) 1 ns
Input Set-Up and Hold Times
Cs tcss 0.2 us
tcsH Y us
DI tpis 0.4 us
tDIH 0.4 us
Output Delay CL=100 pF .
DO tPD1 VoL=0.8V, Voy=2.0V 2 s
tPDO V|L=0.45V, V|y=2.40V 2 us
Erase/Write Pulse Width (tg,w) (Note 1) 10 30 ms
CS Low Time (tcg) (Note 3) 1 us

Note 1: tg,w measured to rising edge of SK or CS, whichever occurs last.

Note 2: The SK frequency spec. specifies a minimum SK clock period of 4 s, therefore in an SK clock cycle, tskn + tski must be greater than or equal to 4 ps.
e.g. if tgkL = 1ps then the minimum tgky = 3 ps in order to meet the SK frequency specification.

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

Instruction Set

Instruction | SB | Op Code Address Data Comments

READ 1 10xx A3A2A1A0 Read register ABA2A1A0
WRITE 1 01xx A3A2A1A0 | D15—DO | Write register ABA2A1A0
ERASE 1 11xx A3A2A1A0 Erase register ABA2A1A0
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

NMC9306/COP494 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.




Functional Description

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

READ

The read instruction is the only instruction which outputs
serial data on the DO pin. after a READ instruction is re-
ceived, the instruction and address are decoded, followed
by data transfer from the memory register into a 16-bit seri-
al-out shift register. A dummy bit (logical ‘0’) precedes the
16-bit data output string. Output data changes are initiated
by a low to high transition of the SK clock.

ERASE/WRITE ENABLE AND DISABLE

Programming must be preceded once by a programming
enable (EWEN) instruction. Programming remains enabled
until a programming disable (EWDS) instruction is executed.
The programming disable instruction is provided to protect
against accidental data disturb. Execution of a READ in-
struction is independent of both EWEN and EWDS instruc-
tions.

ERASE (Note 4)

Like most E2PROMS, the register must first be erased (all
bits set to 1s) before the register can be written (certain bits

Timing Diagrams

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

WRITE (Note 4)

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

CHIP ERASE (Note 4)

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

CHIP WRITE (Note 4)

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

Note 4: During a programming mode (write, erase, chip erase, chip write),
SK clock is only needed while the actual instruction, i.e., start bit, op code,
address and data, is being input. It can remain deactivated during the Erase/
Write pulse width (tg/w).

tesH
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*This is the minimum SK period
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Synchronous Data Timing
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NMC9306/COP494
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(WRITE ALL)
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Instruction Timing (Continued)
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NMC9306E/COP494E

National
Semiconductor

NMC9306E/COP494E 256-Bit Serial Electrically Erasable
Programmable Memory

General Description Features

The NMC9306E/COP494E is a 256-bit non-volatile sequen- W Low cost
tial access memory fabricated using advanced floating gate = m Single supply operation (5V +10%)

N-channel E2PROM technology. It issa-peripheral memory m TTL compatible
designed for data storage and/or timing and is accessed via @ 16 x 16 serial read/write memory
the simple MICROWIRET™M serial interface. The device con- ® MICROWIRE compatible serial 1/0
tains 256 bits of read/write memory divided into 16 registers m Compatible with COP400 processors
of 16 bits each. Each register can be serially read.or written p
by a COP400 series controller. Written information is stored ™ Low stanc.iby power .
in a floating gate cell with at least 10 years data retention @ Non-volatile erase and write
and can be updated by an erase-write cycle. The M Reliable floating gate technology
NMC9306E/COP494E has been designed to meet applica-
tions requiring up to 1 X 104 erase/write cycles per register.
A power down mode reduces power consumption by 70 per-
cent.
Block and Connection Diagrams Dual-In-Line Package
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Pin Names
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Absolute Maximum Ratings

Voltage Relative to GND +6Vio —0.3V
Ambient Operating Temperature
NMC9306E/COP494E —40°Cto +85°C

Ambient Storage Temperature
with Data Retention

Lead Temp. (Soldering, 10 seconds)

—65°Cto +125°C
300°C

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

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

Parameter Conditions Min Typ Max Units
Operating Voltage (VCC) 4.5 5.5 \"
Operating Current (ICC1) VCC=5.5V,CS=1 10 mA
Standby Current (ICC2) VCC=5.5V,CS=0 3 mA
Input Voltage Levels
VIL - 041 0.8 \"
VIH 2.0 VCC+1 \'
Output Voltage Levels
VOL IOL=2.1 mA 0.4 Vv
VOH IOH= —400 pA 2.4 \Y
Input Leakage Current VIN=5.5V 10 pA
Output Leakage Current VOUT=5.5V,CS=0 10 rA
SK Frequency 0 250 kHz
SK HIGH TIME tgkH (Note 2) 1 us
SK LOW TIME Tgk (Note 2) 1 us
Input Set-up and Hold Times
Cs Tcss 0.2 us
tcsH 0 us
DI tpis 0.4 us
toiH 0.4 us
Output Delay CL = 100 pF
DO tPD1 VoL = 0.8V, Vo = 2.0V 2 us
trDoO VjL = 0.45V, V| = 240V 2 us
Erase/Write Pulse Width (tg/w) (Note 1) 10 30 ms
CS Low Time (tcg) (Note 3) 1 us

Note 1: tg/ measured to rising edge of SK or CS, whichever occurs last.

Note 2: The SK frequency spec. specifies a minimum SK clock period of 4 ps, therefore in an SK clock cycle, tsky + tskL must be greater than or equal to 4 ps.
e.g.if tgg. = 1 ps then the minimum tgky = 3 s in order to meet the SK frequency specification.

Note 3: CS must be brought iow for a minimum of 1 ps (tcg) between consecutive instruction cycles.

Instruction Set

Instruction | SB | Op Code | Address Data Comments

READ 1 10xx A3A2A1A0 Read register ABA2A1A0
WRITE 1 01xx A3A2A1A0 | D15-D0O | Write register A3A2A1AQ
ERASE 1 11xx A3A2A1A0 Erase register ABA2A1A0
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-DO | 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/COP494E

Functional Description

The NMC9306E/COP494E is a small peripheral memory in-
tended for use with COPS™ controllers and other non-vola-
tile memory applications. Its organization is sixteen registers
and each register is sixteen bits wide. The input and output
pins are controlled by separate serial formats. Seven 9-bit
instructions can be executed. The instruction format has a
logical ‘1’ as a start bit, four bits as an op code, and four bits
of address. SK clock cycle is necessary after CS equals
logical “1” before the instruction can be loaded. The on-
chip programming-voltage generator allows the user to use
a single power supply (VCC). Only during the read mode is
the serial output (DO) pin valid. During all other modes the
DO pin is in TRI-STATE®, eliminating bus contention.

READ

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

ERASE/WRITE ENABLE AND DISABLE

Programming must be preceded once by a programming
enable (EWEN) instruction. Programming remains enabled
until a programming disable (EWDS) instruction is executed.
The programming disable instruction is provided to protect
against accidental data disturb. Execution of a READ in-
struction is independent of both EWEN and EWDS instruc-
tions.

ERASE (Note 4)

Like most E2PROMS, the register must first be erased (all
bits set to 1s) before the register can be written (certain bits

Timing Diagrams

0.2us
tcss

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

WRITE (Note 4)

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

CHIP ERASE (Note 4)

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

CHIP WRITE (Note 4)

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

Note 4: During a programming mode (write, erase, chip erase, chip write),
SK clock is only needed while the actual instruction. i.e. start bit, op code,
address and data, is being input. It can remain deactivated during the Erase/
Write pulse width (tgw).
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National
Semiconductor

NMC9307E 256-Bit Serial Electrically Erasable

Programmable Memory

General Description

The NMC9307E is a 256-bit non-volatile sequential access
memory fabricated using advanced floating gate N-channel
E2PROM technology. It is a peripheral memory designed for
data storage and/or timing and is accessed via the simple
MICROWIRE™ serial interface. The device contains 256
bits of read/write memory divided into 16 registers of 16 bits
each. Each register can be serially read or written by a
COP400 series controller. Bulk programming instructions
(chip erase, chip write) can be enabled or disabled by the
user for enhanced data protection. Written information is
stored in a floating gate cell with at least 10 years data
retention and can be updated by an erase-write cycle. The
NMC9307E has been designed to meet applications requir-
ing up to 1X104 erase/write cycles per register. A power
down mode reduces power consumption by 70 percent.

Features

u Low cost

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

16 x 16 serial read/write memory
MICROWIRE compatible serial 1/0
Compatible with COP400 processors
Low standby power

Non-volatile erase and write
Reliable floating gate technology
Bulk programming enable/disable for
enhanced data protection

Block and Connection Diagrams

Dual-In-Line Package

cs—1 U 8 p—vce
wp  fEveC
»> < sK—{2 7H—NC
3
v Di—{3 6 }—BPE
> E2PROM
"] DECODER 1&’ 256 BITS
] 16 (16 16) 00— 4 5 —GND
I " L/ -
p $5 Top View TL/D/8383-10
ADDRESS SO Package
LATCHES /W AMPS n
7'y NC— 1 14}~ NC
¢ $5 o5 —2 13 b vee
DATA — sk—3 12 }—nNg
—>1 REGISTER — 00
(78i7s) ok e l«f NC—{4 1 f-ne
ol DI—15 10 f—BPE
D0 = 6 9 f=— GND
L—»]  INSTRUCTION . |
REGISTER gy k |2 NC 8N
r» (9 BITS)
. TL/D/8383-
Ig Top View L/D/8383-2
Order Number NMC9307NE, 9307
L See NS Package NOSE, M14B
INSTRUCTION Pin Names
DECODE, )
CONTROL Cs Chip Select
AND -
s CLOCK SK Serial Data Clock

GENERATORS

DI Serial Data Input
DO Serial Data Output

‘L AA 4 J

BPE  Bulk Program Enable
TL/D/8383-1 VCC Power Supply
GND Ground
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NMC9307E

Absolute Maximum Ratings

Voltage Relative to GND +6Vto —0.3V
Ambient Operating Temperature
NMC9307E —40°Cto +85°C

—65°Cto +125°C
300°C

Ambient Storage Temperature
Lead Temp. (Soldering, 10 seconds)

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

Electrical Characteristics —40°c < TA < +85°C, Vo = 5V + 10% unless otherwise specified

Parameter Conditions Min Typ Max Units
Operating Voltage (Vcg) 4.5 5.5 \"
Operating Current (Icc1) Veec = 5.5V,Cg = 1 10 mA
Standby Current (Icco) Voc = 5.5V,Cg =0 3 mA
Input Voltage Levels
ViL —0.1 0.8 Y
ViH 2.0 Voo + 1 \"
Output Voltage Levels
VoL loL = 2.1 mA 0.4 \'
VoH lon = —400 pA 24 Vv
Input Leakage Current ViN = 0to 5.5V
PINS 1,2,3 +10 HA
PIN6 +50 pA
Output Leakage Current Vout = 5.5V,CS =0 10 RA
SK Frequency 0 250 kHz
SK HIGH TIME tgk (Note 2) 1 ps
SK LOW TIME tgk (Note 2) 1 us
Input Set-Up and Hold Times
CS tcss 0.2 us
tcsH 0 us
DI tois 0.4 us
tDIH 0.4 us
Output Delay CL = 100 pF
DO tpD1 VoL = 0.8V, Vo = 2.0V 2 us
tppo ViL = 0.45V, V| = 2.40V 2 ms
Erase/Write Pulse Width (tg/w) (Note 1) 10 30 ms
CS Low Time (tcg) (Note 3) 1 us

Note 1: tg,yw measured to rising edge of SK or CS, whichever occurs last.

Note 2: The SK frequency spec. specifies a minimum SK clock period of 4 us, therefore in an SK clock cycle, tskH + tskL must be greater than or equal to 4 ps.
eg. if gk = 1 ps then the minimum tgky = 3 ps in order to meet the SK frequency specification.

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

Instruction Set

Instruction | SB | Op Code | Address Data BPE Comments
READ 1 10XX | A3A2A1A0 X Read register A3A2A1AQ
WRITE 1 01XX | A3A2A1A0 | D15-D0 X Write register ABA2A1A0
ERASE 1 11XX | ABA2A1A0 X Erase register ABA2A1A0
EWEN 1 0011 XXXX X Erase/write enable
EWDS 1 0000 XXXX X Erase/write disable
ERAL (Note 5) | 1 0010 XXXX V|H/OPEN | Erase all registers
WRAL (Note 5) | 1 0001 XXXX D15-DO0 | V|4/OPEN [ Write all registers

NMC9307E 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 of 1 of 16, 16-bit registers.
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Functional Description

The NMC9307E is a small peripheral memory intended for
use with COPS™ controllers and other non-volatile memory
applications. Its organization is sixteen registers and each
register is sixteen bits wide. The input and output pins are
controlled by separate serial formats. Seven 9-bit instruc-
tions can be executed. The instruction format has a logical
‘1’ as a start bit, four bits as an op code, and four bits of
address. SK clock cycle is necessary after CS equals logical
‘1’ before the instruction can be loaded. The on-chip pro-
gramming-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 he DO pin is in
TRI-STATE®, eliminating bus contention.

The bulk programming instructions (ERAL, WRAL) are en-
abled or disabled by the PBE pin. The BPE pin at V|4 en-
ables execution of these instructions. The BPE pin at V_
causes these instructions to be ignored. If the BPE pin is not
connected, it is pulled up to Vcg by an on-chip pull-up and
the bulk programming instructions are enabled. Execution of
the EWEN, EWDS, READ and byte programming instruc-
tions (ERASE, WRITE) are independent of the state of the
BPE pin.

READ

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

ERASE/WRITE ENABLE AND DISABLE

Programming must be preceded once by a programming
enable (EWEN) instruction. Programming remains enabled
until a programming disable (EWDS) instruction is executed.
The programming disable instruction is provided to protect
against accidental data disturb. Execution of a READ in-
struction is independent of both EWEN and EWDS instruc-
tions.

ERASE (Note 4)

Like most E2PROMS, the register must first be erased (all
bits set to 1s) before the register can be written (certain bits

Timing Diagrams

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

WRITE (Note 4)

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

CHIP ERASE (Note 4)

Entire chip erasing is provided for ease of programming.
Erasing the chip means that all registers in the memory ar-
ray have each bit set to a 1. Each register is then ready for a
WRITE instruction. The chip erase (ERAL) instruction is ig-
nored if the BPE pin is at V|, i.e. the array data is not
changed.

CHIP WRITE (Note 4)

All registers must be erased before a chip write operation.

The chip write cycle is identical to the write cycle except for

the different op code. All registers are simultaneously writ-

ten with the data pattern specified in the instruction. The
chip write (WRAL) instruction is ignored if the BPE pin is at

V|L, i.e. the array data is not changed.

Note 4: During a programming mode (write, erase, chip erase, chip write),
SK clock is only needed while the actual instruction, i.e. start bit, op
code, address and data, is being input. It can remain deactivated
during the Erase/Writo pulse width (tg,w).

Note 5: The ERAL and WRAL. instructions are ignored if the BPE pin is at
V), i.e. the array data is not changed.

Synchronous Data Timing
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Instruction Timing
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Instruction Timing (Continued)
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Note 5: The ERAL and WRAL instructions are ignored if the BPE pin is at VIL, i.e. the array data is not changed.
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NMC9345/COP495

National
Semiconductor

NMC9345/COP495 1024-Bit Serial Electrically Erasable
Programmable Memory (5V Only)

General Description

The NMC9345/COP495 is a 1024-bit non-volatile, sequen-
tial E2PROM, fabricated using advanced N-channel
E2PROM technology. It is an external memory with the 1024
bits of read/write memory divided into 64 registers of 16 bits
each. Each register can be serially read or written by a
COP400 controller, or a standard microprocessor. Written
information is stored in a floating gate cell until updated by
an erase and write cycle. The NMC9345 has been designed
for applications requiring up to 104 erase/write cycles per
register. A power-down mode is provided by CS to reduce
power consumption by 75 percent.

Features

B Low cost

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

64X 16 serial read/write memory
MICROWIRE™ compatible serial 1/0
Simple interfacing

Low standby power

Non-volatile erase and write

Reliable floating gate technology
Self-timed programming cycle

Device status signal during programming

Block and Connection Diagrams

Dual-In-Line Package
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> Top View
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x
A SO Package
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12 NC—{1 14— NC
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BUFFERS R/W AMPS sk—3 12}—=Ne
4 NC—{4 1 }=nNe
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00— 6 9f—G6ND
oATA REGISTER [ R o7 slenc
I »| wers IR '{}‘""
b
o TL/D/7616-10
L INSTRUCTION CLK Top View
REGISTER
(9BI7S) 2 Order Number NMC9345N,
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* See NS Package NOSE or M14B
Pin Names
INSTRUCTION Cs Chip Select
DECODE, )
CONTROL, SK Serial Data Clock
AND CLOCK ;
cs »1  GENERATOR DI Serial Data Input
> DO Serial Data Output
. > Vce Power Supply
Tuo/7ete-1 GND - Ground

NC Not Connected




Absolute Maximum Ratings (Note 1)
Voltage Relative to GND +6Vto —0.3V
Ambient Operating Temperature 0°Cto +70°C

—65°C to +125°C
300°C

Ambient Storage Temperature
Lead Temp. (Soldering, 10 seconds)

DC and AC Electrical Characteristics NnMco345: 0°c<Tp<70°C, Voo =5V +10% unless specified

Symbol Parameter Conditions Min Max Units

Vee Operating Voltage 4.5 5.5 \"

lcct Operating Current Voc=5.5V,CS=1, SK=1 12 mA
Erase/Write Operating Current Vec=5.5V 12 mA

Iccz Standby Current Voc=5.5V,CS=0 3 mA
Input Voltage Levels

ViL —0.1 0.8 \

ViH 2.0 Vegt+1 \
Output Voltage Levels

VoL loL=2.1 mA 0.4 \'

VoH loq= —400 pA 24 Vv

L Input Leakage Current VIN=5.5V 10 RA

ILo Output Leakage Current VouTt=5.5V,CS=0 10 RA
SK Frequency 0 250 kHz

tSKH SK High Time 2 us

tskL SK Low Time 1 us
Inputs

tcss cs 0.2 uS

tcsH 0 uS

tpis DI 0.4 uS

tDIH 0.4 uS
Output C_=100 pF

tpdl DO VoL =0.8V, Vop=2.0V 2 »S

tpd0 ViL=0.45V, V|y=2.40V 2 nS

te/w Self-Timed Program 10 ms
Cycle

tcs Min CS Low Time (Note 3) 1 nS

tsv Rising Edge of CS to CL=100pF 1 nS
Status Valid

toH,t1H Falling Edge of CS 0.4 nS
to DO TRI-STATE®

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

maximum rating conditions for extended periods may affect device reliability.

Note 2: The SK frequency spec. specifies a minimum SK clock period of 4 s, therefore in an SK clock cycle tgkH + tski must be greater than or equal to 4 us.
e.g. if tskl = 1 us then the minimum tsky = 3 s in order to meet the SK frequency specification.

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

Functional Description

The NMC9345/COP495 is a small peripheral memory in-
tended for use with COPS™ controllers and other non-vola-
tile memory applications. Its organization is sixty-four regis-
ters and each register is sixteen bits wide. The input and
output pins are controlled by separate serial formats. Seven
9-bit instructions can be executed. The instruction format
has a logical ‘1’ as a start bit, two bits as an op code, and six
bits of address. The programming cycle is self-timed, with
the data out (DO) pin indicating the read/busy status of the
chip.

The on-chip programming voltage generator allows the user
to use a single power supply (Vcgo). It only generates high
voltage during the programming modes (write, erase, chip
erase, chip write) to prevent spurious programming during
other modes. The DO pin is valid as data out during the read
mode, and if initiated, as a ready/busy status indicator dur-
ing a programming cycle. During all other modes the DO pin
is in TRI-STATE, eliminating bus contention.
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NMC9345/COP495

Functional Description (continued)

READ

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

ERASE/WRITE ENABLE AND DISABLE

When V¢ is applied to the part it powers up in the program-
ming disable (EWDS) state, programming must be preceded
by a programming enable (EWEN) instruction. Programming
remains enabled until a programming disable (EWDS) in-
struction is executed or Vg is removed from the part. The
programming disable instruction is provided to protect
against accidental data disturb. Execution of a read instruc-
tion is independent of both EWEN and EWDS instructions.

ERASE (Note 4)

Like most E2PROMSs, the register must first be erased (all
bits set to logical ‘1’) before the register can be written (cer-
tain bits set to logical ‘0’). After an erase instruction is input,
CS is dropped low. This falling edge of CS determines the
start of the self-timed programming cycle. If CS is brought
high subsequently (after observing the tcs specification),
the DO pin will indicate the ready/busy status of the chip.
The DO pin will go low if the chip is still programming. The
DO pin will go high when all bits of the register at the ad-
dress specified in the instruction have been set to a logical
‘1. The part is now ready for the next instruction sequence.

WRITE (Note 4)

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

CHIP ERASE (Note 4)

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

CHIP WRITE (Note 4)

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

Note 4: During a programming mode (write, erase, chip erase, chip write),
SK clock is only needed while the actual instruction, i.e., start bit, op code,
address and data, is being input. It can remain deactivated during the self-
timed programming cycle and status check.

IC INSTRUCTION SET FOR NMC9345/COP495

Instruction SB Opcode Address Data Comments

READ 1 10 A5A4A3A2A1A0 Read register ASA4A3A2A1A0
WRITE 1 01 A5A4A3A2A1A0 D15-DO Write register AGA4A3A2A1A0
ERASE 1 1 A5A4A3A2A1A0 Erase register ASA4A3A2A1A0
EWEN 1 00 11xxxx Erase/Write enable

EWDS 1 00 00xxxx Erase/Write disable

ERAL 1 00 10xxxx Erase all registers

WRAL 1 00 01xxxx D15-DO Write all registers

NMC9345/COP495 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.

Timing Diagrams

*This is the minimum SK period.

Synchronous Data Timing

*

aus
Vi —
SK toxm oK. I
Vi
tois | tom toiH |
0.4 s 04yus 04us
Vi
viL
fess tois . tesH
0.2ps 0.4 s 0.0 ps
Vin [
cs
ViL J oo -
1
2us | - 248
Vou
Do \

TL/D/7616-3




le-

Instruction Timing

<—1cs

cs / STANDBY
ol /1 1\0/A5XA4XA3X:XAD\

—>tr~lnn,!m
00 TRI-STATE \ Ams ﬁ‘“ E:X o X " Wrm-smz

READ

TL/D/7616-4

(penuuoo) sweaBelq Buiwi |

(« My yyoyroe

fe——tgs ——>

cs / \s ?r CHECK STATUS N‘ STANDBY
DI /1\0/1‘A5X7A4xﬂ3x xAUXDTSX xDD
— I«tsv — t:tm
00 TRI-STATE BUSY READY TRI-STATE
*
tE/w

|

WRITE

TL/D/7616-5

EWeN | o / \ STANDBY

ENABLE=11

DISABLE =00
TL/D/7616-6

G6¥d0J/SYE6JNN




[1ad"

NMC9345/COP495

WRAL

ERASE

ERAL

Instruction Timing

« LU

TRI-STATE

fe—tcs —>|

CHECK STATUS

STANDBY

—" [e—tsv

BUSY

tu
TRI-STATE

e tos —>
N/
K 7 CHECK STATUS STANDBY
] 4/_1-\ 0 0 / 1 \ 0 / A
— |=—tsv ——I tiH

TRI-STATE

00

TRI-STATE

TRI-STATE

wil

TL/D/7616-7

(penunuos) SUIBJBE!G ﬁu!

TL/D/7616-8

Do

———»l tin

TRI-STATE

TL/D/7616-9




National
Semiconductor

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

General Description

The NMC9346/COP495 is a 1024-bit non-volatile, sequen-
tial E2PROM, fabricated using advanced N-channel
E2PROM technology. It is an external memory with the 1024
bits of read/write memory divided into 64 registers of 16 bits
each. Each register can be serially read or written by a
COP400 controller, or a standard microprocessor. Written
information is stored in a floating gate cell until updated by
an erase and write cycle. The NMC9346/COP495 has been
designed for applications requiring up to 104 erase/write
cycles per register. A power-down mode is provided by CS
to reduce power consumption by 75 percent.

Features

Low cost

m Single supply read/write/erase operations (5V £ 10%)

| TTL compatible

m 64 x 16 serial read/write memory

® MICROWIRE™ compatible serial /0
m Simple interfacing
m Low standby power
m Non-volatile erase and write

Reliable floating gate technology
Self-timed programming cycle

Device status signal during programming

Block and Connection Diagrams
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Dual-in-Line Package
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Order Number NMC9346N,
NMC9346NE

See NS Package NOSE, M14B

Pin Names

CS
SK
DI
DO
Vee
GND
NC

Chip Select

Serial Data Clock
Serial Data Input
Serial Data Output
Power Supply
Ground

Not Connected
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NMC9346/COP495

Absolute Maximum Ratings (ote 1)
Voltage Relative to GND

+6Vto —0.3V

Ambient Storage Temp.

—65°Cto +125°C

Ambient Operating Temperature 0°Cto +70°C Lead Temperature (Soldering, 10 seconds) 300°C
DC and AC Electrical Characteristics o:c<T,<70°C, Voc =5V +10% unless specified

Symbol Parameter | Conditions Min Max Units

Vee Operating Voltage - 4.5 5.5 \%

| Operating Current Vge=5.5V,C8=1,8K=1 12 mA

o1 Erase/Write Operating Current Vcg=5.5V 12 mA

lcc2 Standby Current Vec=5.5V,CS=0 3 mA
Input Voltage Levels

ViL —0.1 0.8 v

ViH 20 Voo +1 \
Output Voltage Levels

VoL loL,=2.1mA 0.4 \

VoH lop= —400 pA 2.4 "

I Input Leakage Current ViN=5.5V 10 MA

ILo Output Leakage Current Voyr=5.5V,CS=0 10 nA
SK Frequency 0 250 kHz

tskH SK High Time (Note 2) 1 us

tsKL SK Low Time (Note 2) 1 us
Inputs

tcss (O] 0.2 us

tcsH 0 us

tpis DI 0.4 us

toiH 0.4 us
Output CL=100 pF

tpdl DO VoL=0.8V, Voy=2.0V 2 us

tpg0 V|L=0.45V, V|y=2.40V 2 us

te/w Self-Timed Program 10 ms
Cycle

tcs Min CS Low Time (Note 3) 1 us

tsy Rising Edge of CS to Cp=100 pF 1 us
Status Valid

toH, tiH Falling Edge of CS 0.4 us
to DO TRI-STATE®

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

Note 2: The SK frequency spec. specifies a minimum SK clock period of 4 s, therefore in an SK clock cycle tgkH + tskL must be greater than or equal to 4 us.
e.g., if tgkL = 1 us then the minimum tgxy = 3 ws in order to meet the SK frequency specification.

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

Instruction Set for NMC9346/COP495

Instruction | SB | Op Gode Address Data Comments

READ 1 10 A5A4A3A2A1A0 Read register AGA4A3A2A1A0

WRITE 1 01 A5A4A3A2A1A0 | D15-D0 | Write register ABA4A3A2A1A0

ERASE 1 11 A5A4A3A2A1A0 Erase register ABA4A3A2A1A0
EWEN 1 00 11xxxX Erase/write enable

EWDS 1 00 00xxxx Erase/write disable

ERAL 1 00 10xxxx Erase all registers

WRAL 1 00 01xxxx D15-D0 | Write all registers

NMC9346/COP495 has 7 instructions as shown. Note that the MSB of any given instruction is a “1” and is viewed as a

start bit in the interface sequence. The next 8 bits carry the op code and the 6-bit address for 1 of 64, 16-bit registers.
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Functional Description

The NMC9346/COP495 is a small peripheral memory in-
tended for use with COPS™ controllers and other nonvola-
tile memory applications. lts organization is sixty-four regis-
ters and each register is sixteen bits wide. The input and
output pins are controlied by separate serial formats. Seven
9-bit instructions can be executed. The instruction format
has a logical ‘1’ as a start bit, two bits as an op code, and six
bits of address. The programming cycle is self-timed, with
the data out (DO) pin indicating the ready/busy status of the
chip. The on-chip programming voltage generator allows the
user to use a single power supply (Vcg). It only generates
high voltage during the programming modes (write, erase,
chip erase, chip write) to prevent spurious programming dur-
ing other modes. The DO pin is valid as data out during the
read mode, and if initiated, as a ready/busy status indicator
during a programming cycle. During all other modes the DO
pin is in TRI-STATE, eliminating bus contention.

READ

The read instruction is the only instruction which outputs
serial data on the DO pin. After a read instruction is re-
ceived, the instruction and address are decoded, followed
by data transfer from the memory register into a 16-bit seri-
al-out shift register. A dummy bit (logical ‘0") precedes the
16-bit data output string. Output data changes are initiated
by a low to high transition of the SK clock.

ERASE/WRITE ENABLE AND DISABLE

When V¢ is applied to the part it powers up in the program-
ming disable (EWDS) state, programming must be preceded
by a programming enable (EWEN) instruction. Programming
remains enabled until a programming disable (EWDS) in-
struction is executed or V¢ is removed from the part. The
programming disable instruction is provided to protect
against accidental data disturb. Execution of a read instruc-
tion is independent of both EWEN and EWDS instructions.

ERASE (Note 4)

Like most E2PROMS, the register must first be erased (all
bits set to logical ‘1°) before the register can be written (cer-
tain bits set to logical ‘0’). After an erase instruction is input,
CS is dropped low. This falling edge of CS determines

Timing Diagrams

the start of the self-timed programming cycle. If CS is
brought high subsequently (after observing the tcg specifi-
cation), the DO pin will indicate the ready/busy status of the
chip. The DO pin will go low if the chip is still programming.
The DO pin will go high when all bits of the register at the
address specified in the instruction have been set to a logi-
cal ‘1". The part is now ready for the next instruction se-
quence.

WRITE (Note 4)

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

CHIP ERASE (Note 4)

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

CHIP WRITE (Note 4)

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

Note 4: During a programming mode (write, erase, chip erase, chip write),
SK clock is only needed while the actual instruction, i.e., start bit, op code,

address and data, is being input. It can remain deactivated during the self-
timed programming cycle and status check.

Synchronous Data Timing

4 us*

ViH

SK tskm *I-—'m
Vie

tois | tom tomm |
0.4 us 04us 04us
Vin
ViL

tcss

tosH
0.0 s

0.2us
Vin

cs 7
ViL
tpoo _|
2pus l
Vou -
00 \

VoL

tpo1
28

*This is the minimum SK period.

TL/D/5497-3

1-25

G6¥d0J/9YE6JNN




9c-1

NMC9346/COP495

Instruction Timing
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Instruction Timing
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NMC9346E/ COP395

National
Semiconductor

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

General Description

The NMC9346E/COP395 is a 1024-bit non-volatile, sequen-
tial E2PROM, fabricated using advanced N-channel
E2PROM technology. It is an external memory with the 1024
bits of read/write memory divided into 64 registers of 16 bits
each. Each register can be serially read or written by a
COP400 controller or a standard microprocessor. Written
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 104 erase/
write cycles per register. A power-down mode is provided by
CS to reduce power consumption by 75 percent.

Features
W Low cost

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

B 64 x 16 serial read/write memory

m MICROWIRE™ compatible serial I/0

m Simple interfacing

m Low standby power

m Non-volatile erase and write

m Reliable floating gate technology

m Self-timed programming cycle

m Device status signal during programming

Block and Connection Diagrams
Serial E2PROM

Dual-In-Line Package

VCC s
GND— cs—# |\ 8 }—vec
Vi &
> e/ Je ==t coveruon [¢ sc—]2 e
Vi Vpp
+ s Di—3 6 —NC
> E2PROM
e Dﬂ%’f" ﬁl 1024 BITS po—4 5—GND
(64 x 16)
TL/D/5582-2
16 Top View
12
y Order Number NMC9346NE
au‘:‘;‘g,,s R/W AMPS See NS Package NOSE
1
16 Pin Names
~ Ccs Chip Select
s E »[>—n SK Serial Data Clock
| <+ g DI Serial Data Input
o DO Serial Data Output
INSTRUCTION CLK Vee Power Supply
n(gsgrrszr 2 GND Ground
# NC Not Connected
INSTRUCTION
DECODE,
CONTROL,
AND CLOCK
cs GENERATOR

LA A

SK

TL/D/5582-1
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Absolute Maximum Ratings (Note 1)

Voltage Relative to GND +6Vto —0.3V Ambient Storage Temperature
Ambient Operating Temperature with Data Retention —65°Cto +125°C
NMC9346E/COP395 —40°C to +85°C Lead Temp. (Soldering, 10 seconds) 300°C
DC and AC Electrical Characteristics
—40°C — Tp < 85°C, Vg = 5V +10% unless otherwise specified
Symbol Parameter Conditions Min Max Units
Vee Operating Voltage 4.5 5.5 \"
lcct Operating Current Vocc = 5.5V,CS = 1,8K = 1 12 mA
P/E Operating Current Vee = 5.5V 12 mA
lcc2 Standby Current Vecc = 5.5V,CS =0 3 mA
Input Voltage Levels
ViL —0.1 0.8 \"
ViH 2.0 Voo + 1 \"
Output Voltage Levels
VoL loL = 2.1 mA 0.4 v
VoH loH = —400 nA 2.4 %
I Input Leakage Current VN = 5.5V 10 MA
ILo Output Leakage Current Vout = 5.5V,CS =0 10 MA
SK Frequency 0 250 kHz
SK Duty Cycle 25 75 %
Inputs
tcss Cs 0.2 us
tesH 0 us
tois DI 0.4 us
toIH 0.4 us
Output CL = 100 pF '
tpa1 DO VoL = 0.8V, Vo = 2.0V 2 us
tpp0 ViL = 045V, V)y = 24V 2 us
te/w Self-Timed Program Cycle 10 ms
tcs Min CS Low Time 1 us
tsv Rising Edge of CS to
= 1
Status Valid Cu = 100pF Hs
toH, t1H Falling Edge of CS
to DO TRI-STATE® 0.4 Ks

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not implied. Exposure to absolute
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 A5A4A3A2A1A0 Read Register ASA4A3A2A1A0
WRITE 1 01 A5A4A3A2A1A0 | D15-DO0 | Write Register ASA4A3A2A1A0
ERASE 1 11 A5A4A3A2A1A0 Erase Register ASA4A3A2A1A0
EWEN 1 00 11xxxx Erase/Write Enable

EWDS 1 00 00xxxx Erase/Write Disable

ERAL 1 00 10xxxX Erase All Registers

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 NMC9346E/COP395 is a small peripheral memory in-
tended for use with COPS™ controllers and other non-vola-
tile memory applications. Its organization is sixty-four regis-
ters 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 format
has a logical ‘1’ as a start bit, two bits as an op code, and six
bits of address. The programming cycle is self-timed, with
the data out (DO) pin indicating the ready/busy status of the
chip. The on-chip programming voltage generator allows the
user to use a single power supply (Vcc). It only generates
high voltage during the programming modes (write, erase,
chip erase) to prevent spurious programming during other
modes. The DO pin is valid as data out during the read
mode, and if initiated, as a ready/busy status indicator dur-
ing a programming cycle. During all other modes the DO pin
is in TRI-STATE, eliminating bus contention.

READ

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

ERASE/WRITE ENABLE AND DISABLE

When V¢ is applied to the part it powers up in the program-
ming disable (EWDS) state, programming must be preceded
by a programming enable (EWEN) instruction. Programming
remains enabled until a programming disable (EWDS) in-
struction is executed or V¢ is removed from the part. The
programming disable instruction is provided to protect
against accidental data disturb. Execution of a read instruc-
tion is independent of both EWEN and EWDS instructions.

Timing Diagrams

ERASE

Like most E2PROMSs, the register must first be erased (all
bits set to logical ‘1) before the register can be written (cer-
tain bits set to logical ‘0’). After an erase instruction is input,
CS is dropped low. This falling edge of CS determines the
start of the self-timed programming cycle. If CS is brought .
high subsequently (after observing the tcg specification),
the DO pin will indicate the ready/busy status of the chip.
The DO pin will go low if the chip is still programming. The
DO pin will go high when all bits of the register at the ad-
dress specified in the instruction have been set to a logical
‘1’, The part is now ready for the next instruction sequence.

WRITE

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

CHIP ERASE

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 indenti-
cal to the erase cycle except for the different op code.
Note 1: CS must be brought low for a minimum of 1 us (icg) between
consecutive 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 program-
ming cycle and status check.

Synchronous Data Timing

4 us*

W —
SK I
viL

—

tois
0.4,us

| tom

tom _|

ViH
VL
tcss
0.2 us

tesH
0.0 us

L] l

cs
ViL Jt
P00
25|
Vo a
D0 \

Vo

P
2 us

*This is the minimum SK period.
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Instruction Timing
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NMC9346E/ COP395

Instruction Timing
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National
Semiconductor

PRELIMINARY

NMC9802 2048-Bit Parallel (256 x 8)
Electrically Erasable Programmable ROM

General Description

The NMC9802 is a 2048 bit electrically erasable program-
mable read-only memory (E2PROM) organized as 256
words by eight bits. Fabricated using National’s double poly
silicon gate n-channel technology, the device utilizes a nov-
el memory architecture that results in the memory operating
as a non-volatile register file. A single bidirectional eight bit
data port is used for transmitting the address, data and
status information. Both address and input data are latched
into onboard registers elminating the need to hold them val-
id during the long erase/write operation. In addition, all the
erase/write control logic is incorporated on chip completely
freeing the microprocessor once the erase/write cycle has
been initiated. Both a BUSY signal and status register are
available to facilitate easy interface in a wide variety of mi-
croprocessor based systems.

The in-system erase/write capability of the NMC9802 make
it suitable for a wide variety of applications requiring a small
amount of alterabie non-volatile storage. Any byte can be
erased and written without affecting the rest of memory.
Alternatively, the entire memory can be erased.

The NMC9802 utilizes fully static circuitry and is completely
TTL compatible in the read and erase/write modes. The

device has an on-chip voltage generator eliminating the
need for any high voltage pulses or power supplies. The
single + 5V power supply is all that is required for any oper-
ation. The NMC9802 can be a direct replacement for Syner-
tek's SY2802E.

Features

Reliable E2 floating gate technology
Microprocessor compatible architecture
On-chip address/data latches

Single cycle byte erase/write capability
Fully TTL compatible

Endurance 1 x 104 write cycles (Min.)
Single + 5V operation

Erase/write specifications guaranteed 0-70°C
On-chip ERASE/WRITE timing and control
Both BUSY signal and status register
Data retention: 10 years (Min.)

Connection and Block Diagrams

Dual In-Line Package

(BUSY)* D7 ! Y LIS
*07 ] — vee
2 17
Dg — — NC
3 16
D5 — — R/W
4 15
Dy — I RS
5 14 _
D3 = [— BUSY
D2 — — STRB
7 2
Dy — — TS
8 1
Dp ~— — CLR
9 0
GND — — NC
TL/D/8348-1
Top View

*SEE STATUS REGISTER

See Ordering Information

D0-D DATA BUS
0-07
1 v

rSTATUS REGISTER

8-BIT
ADDRESS POINTER

[T e a——
CS Om—>] -
TR O—> @
— TIMING E E2PROM
R/W O} AND REGISTER
STRB O} CONTROL = FILE
RS Ot LOGIC 2 (256 x 8)
g
GND (0V) Ot
VCC (+5V) Ot r
8-BIT TRI-STATE
DATA LATCH OUTPUT BUFFER

L |

DATA BUS
TL/D/8348-2
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NMC9802

Absolute Maximum Ratings
—10°Cto +80°

Temperature Under Bias

Storage Temperature

Voltage on Any Pin with
Respect to Ground

—65°Cto 125°

Comment

Stresses above those listed under “Absolute Maximum Rat-
ings” 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

—0.5Vto +7V

DC Electrical Characteristics 15 = 0°cto 70°C, Vgg = +5V +10% (Note 1)

operational sections of this specification is not implied.

Symbol Parameter Conditions Min Typ Max Units
I Input Leakage Current ViN = GND to Vo 10 pA
Lo Output Leakage Current ViN = GND to Voo 10 rA
lcc Ve Current Outputs Open 80 mA
ViL Input LOW Voltage -0.3 0.8 "
ViH Input HIGH Voltage 20 Vee +1 \"
VoL Output LOW Voltage loL = 3.2mA 0.4 Vv
* VoH Output HIGH Voltage loH= —1.0mA 24 \"
Capacitance 1, = 25°C,f = 1.0 MHz
Symbol Test Typ Max Units
Court Output Capacitance 5 pF
Cin Input Capacitance 5 pF
Note: This parameter is periodically sampled and not 100% tested.
AC Electrical Characteristics 1, = 0°Cto 70°C, Ve = +5V +10% (Note 1)
Symbol Parameter Conditions Min Typ Max Units
tovc Cycle Time 350 ns
tcs Chip Select Access Time 120 ns
tsaA Valid Data from Strobe 450 ns
tiz Select to Output LOW Z 10 ns
tHz Select to Output HIGH Z (Note 2) 10 75 ns
taR Access Time from RS or R/W 200 ns
tws Write Setup Time 120 ns
twH Write Hold Time 0 ns
tps Data Setup Time 60 ns
toH Data Hold Time 0 ns
tsH Strobe Pulse Width High 85 ns
tsL Strobe Pulse Width Low 120 ns
tBA BUSY Active From Strobe 30 300 ns
teLw BUSY Low Pulse Width (WRITE) 25 ms
tscy Busy HIGH to Cycle Start 0 ns
tsLc BUSY Low Pulse Width (CLEAR) 12.5 ms

Note 1: A minimum 0.5 ms time delay is required after application of Vg (+5V) before proper device operation is achieved.

Note 2: Current goes through 50% change from loy (MAX) or loL (MAX).
Note 3: Pins 11 and 16 must be held below V¢ during power up.
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Timing Diagrams
Data Fetch (CLR = HIGH, BUSY = HIGH) (Note 1)
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NMC9802

Timing Diagram (continued)
Read Status Register (CLR = HIGH, BUSY = Don’t Care) (Note 1)

v 7] i ‘ AN

[ tL7 —» -
VALID STATUS )_——

TL/D/8348-5

Clear Cycle (Data = Don’t Care) (Note 1)

 TINMK N
- It A,

|—— tws

tSL —

|

l CLEAR TO ALL ZEROS !
TL/D/8348-6

A.C. Testing Input, Output Waveform A.C. Testing Load Circuit

2.4V +1.9V
2.0V 2.0V
> TTTTTTTTTT < 470Q
0.8V 08V 4~ N ) DEVICE
0.4V s \emm——— e} UNDER
INPUT OUTPUT TEST
AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1"
AND 0.4V FOR A LOGIC ‘0" TIMING MEASUREMENTS ARE
MADE AT 2.0V FOR A LOGIC *'1"' AND 0.8V FOR A LOGIC 0"
INPUT PULSE RISE AND FALL TIMES ARE 5ns
TL/D/8348-7 Cp. INCLUDES SCOPE Al

I CL =100pF
NCE
TL/D/8348-8
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DEVICE OPERATION

The NMC9802 has seven modes of operation as listed in
Table I. All the modes of the NMC9802 involve reading or
loading registers. This eliminates any timing problems asso-
ciated with interfacing to a wide variety of microprocessors
and microcomputers.

DATA FETCH

Reading the NMC9802 involves two cycles as shown in the
timing diagram. First the address pointer is loaded and then
the data from the selected location can be read. Both the
address and data are transmitted through the same eight bit
port.

DATA STORE

Writing the device requires two cycles as shown in the tim-
ing diagram. As with the read operation, first the address
pointer must be loaded. Loading the data input register then
initiates the byte erase/write operation and the microproc-
essor is free to do other tasks. The timing interface with the
microprocessor is handled with both a BUSY signal and a
_status register. Loading the data in register causes the
open-drain BUSY signal to be set LOW and bit seven (pin 1)
of the status register to be set HIGH for the duration of the
byte erase/write operation. Once complete, these two sig-
nals are reset to their inactive states. Note that it is not
necessary for the microprocessor to erase the location prior
to writing new data. This is automatically done by the mem-
ory itself.

Once the erase/write operation has been initiated, the
NMC9802 doesn’t allow access to address pointer, data in-
put register or data output drivers.

READ STATUS REGISTER

To facilitate interfacing the NMC9802 in microprocessor
based systems, a status register has been provided that is
accessible at all times including during the erase/write oper-
ation. This allows a polling routine to be used to determine if
the NMC9802 is busy. If bit 7 (pin 1) is a logic “1”, the
device is in the erase/write operation and if it is a logic “0” it
is available for normal operation.

CLEAR CYCLE

The NMC9802 can be block cleared to all zeros as shown in
the timing diagram. As with the data store operation, this
cycle only needs to be initiated, all the timing is controlled
internally. On initiating the clear cycle, BUSY and bit 7 (pin
1) are set active and remain so until the operation is com-
plete. During the clear cycle, only the status register is ac-
cessible.

ENDURANCE CHARACTERISTIC

A characteristic of E2PROMs is that the number of erase/
write cycles is limited. The NMC9802 has been designed to
meet applications where up to 1 x 104 erase/write cycles
per word are required. The erase/write cycling is completely
word independent. Adjacent words are not affected during
the erase/write cycling.

TABLE l. Mode Selection Vgc = +5V (Note 1)

Pin Data
Mode N . o - Input/
CS R/W RS STRB BUSY CLR Outputs
(12) (16) (15) (13) (14) (11) (0-7)
Read Register File 0 1 0 X 1 1 Data Out
Read Status Register 0 1 1 X 1 Data Out
Write Address Pointer 0 0 0 A 1 1 Data In
Write Data-In Latch 0 0 1 A r 1 Data In
Deselected X X X X X High Z
Write Inhibited X X 0 0 1 X X
Block Clear 0 1 1 A =y 0 High Z

X= DON'T CARE
-#~= POSITIVE TRANSITION
LIr= NEGATIVE PULSE
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NMC9802

Ordering Information

Order Select | Cycle | Supply Package
Number Access | Time | Current Type
Time | (Min) | (Max) y
NMC9802J 120 ns 350 70 mA Cerdip
NMC9802N 120 ns 350 70 mA Plastic
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National
Semiconductor

PRELIMINARY

NMC9816A 16,384-Bit (2k x 8) E2PROM

General Description

The NMC9816A 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
NMC9816A 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 microprocessor
while the chip is busy doing erase-write; and automatic
erase before byte-write. It can meet applications requiring
up to 104 write cycles per byte. The NMC9816A is a product
of National’s advanced E2PROM stepper technology and
uses the powerful XMOST™™ process for reliable, non-volatile
data storage.

The NMC9816A sharply minimizes the interfacing hardware
logic and firmware required to perform data writes. The de-
vice has complete self-timing which leaves the processor
free to perform other tasks. With an automatic erase before
write, the user benefits by saving an erase command con-
tributing to efficient usage of system processing time. On-
chip address and data latching further enhances system
performance.

The NMC9816A also features DATA Polling, which enables
the E2PROM to signal the processor that a write operation
is complete without requiring the use of any external hard-
ware.

Improved data protection during Vo power up/down tran-
sitions is provided by an on-chip Vgg sensing circuit which
disables the initiation of all 5V-only programmable modes
when V¢ is less than 4 volts.

The NMC9816A’s very fast read access times make it com-
patible with high performance microprocessor applications.
It uses the proven two line control architecture which elimi-
nates bus contention in a system environment.

An optional high voltage chip erase feature is provided for
quick erasure of the memory data pattern in a single 9 msec
Chip Erase Cycle.

The density, and level of integrated control, make the
NMC9816A suitable for users requiring minimum hardware
overhead, high systems performance, minimal board space
and design ease. Designing with and using the NMC9816A
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 latch-
es. See Figures 1, 2, and 3 for the NMC9816A block dia-
gram, pinout, and simple interface requirements.

Features

m Single 5V supply

m Self-timed byte-write with auto erase

m On-chip address and data latches

On-chip power up/down protection

Two line output control

TRI-STATE® outputs

Data polling verification

High voltage chip erase

Fast byte-writing
Write cycle (2 ms typical)

E/W cycle (4 ms typical)

Very fast access time
NMC9816A-20—200 ns
NMC9816A-25—250 ns
NMC9816A-35—350 ns

Direct microprocessor interface capability

® No support components needed

= Reliable E2PROM XMOS stepper technology

Block and Connection Diagrams

Dual-In-Line Package

. f ] DATA INPUTS/ 0UTPUTS
Vee Vep GENERATOR lo/0o-17/07
—
I I o B s
43 A6 —{ 2 23— A8
INPUT LATCHES
- CHIP ENABLE/OUTPUT A5 —3 22— g
I3 ENABLE LOGIC
—_— A —]4 21— WE
. E— INPUT/QUTPUT
WE AUTOMATIC WRITE TIMING -5 — OF
— BUFFERS A3 20— 0€
AUTOMATIC ERASE LOGIC A2 —46 19}— A10
[ l A—7 18— TE
. A0 8 17— 17/07
AD-A10 N M .

ADDRESS . . ¥ GATING 1o/0g =49 16 b= 15/0,
INPUTS — DECODER S o o
mp]| rrcHes 1/01 =10 15— 15/0s

. X H 16.384-81T 12/0 =11 14— la/04

: DECODER CELL MATRIX

- -_—— GND —12 13— 13/03
FIGURE 1 TL/D/8451-1 Top View TL/D/8451-2

A0-A10 Add e NamesO o} DataO FIGURE 2
AO0- resses 0—-O7 ata Outputs .
ENC GeEm. T BARES owmwmewcwos
OE Output Enable WE Write Enable -9 or -

See NS Package Number J24A or N24A
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NMC9816A

Absolute Maximum Ratings

Temperature Under Bias
NMC9816A
NMC9816AE
NMC9816AM

Storage Temperature

All Input or Output Voltages with
Respect to Ground

Lead Temp. (Soldering, 10 seconds)

Operating Conditions
Temperature Range
NMC9816A

—10°Cto +80°C
—50°Cto +95°C
—65°Cto +135°C
—65°C to +150°C
+6Vto —0.3V

300°C

0°Cto +70°C

NMC9816AE —40°C to +85°C

NMC9816AM —55°Cto +125°C
Ve Power Supply (Notes 2 and 3)

NMC9816A 5V +5%

NMC9816AE 5V £10%

NMC9816AM 5V £10%

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

DC Electrical Characteristics T, for NMC9816A = 0°C to +70°C, Vo = 5V £5% (Note 7)

. . Typ .
Symbol Parameter Conditions Min (Note 1) Max Units
READ OPERATION
I Input Leakage Current NMC9816A 10
NMC9816AE GND to Vo ' 10 HA
NMC9816AM 10
ILo Output Leakage Current NMC9816A 10
NMC9816AE GND to V¢o 10 nA
NMC9816AM 10
lcca Vg Current (Active) NMC9816A 40 80
NMC9816AE CE = OE = V_ 40 100 mA
NMC9816AM 40 100
Iccs Vg Current (Standby)  NMC9816A 12 25
NMC9816AE CE=Vy 12 30 mA
NMC9816AM 12 30
ViL Input Low Voltage —0.1 0.8 \"
VIH Input High Voltage NMC9816A 20 E Voo + 1
NMC9816AE 2.2 Voo + 1 \
NMC9816AM 22 Voo + 1
VoL Output Low Voltage loL=2.1mA 0.45 \%
VoH Output High Voltage loq= —400 uA 24 \Y%
WRITE OPERATION
lccw Vcc Current (Write)  NMC9816A 40 80
NMC9816AE 40 100 mA
NMC9816AM 40 100
Viko Ve Level for Write Lockout 4.0 \Y
HIGH VOLTAGE CHIP ERASE
VER | OE and WE Voltage in Chip Erase Mode | | 12 I 22 \%
Capacitance 1,=25C, =1 MHz (Note 1)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
CiNn Input Capacitance ViN=0V 5 10 pF
Cout Output Capacitance VouTr =0V 10 pF
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AC Test Conditions
Output Load 1 TTL gate and C =100 pF Timing Measurement Reference Level
Input Pulse Levels 0.45V to 2.4V Input 1V and 2V

Cutput 0.8V and 2V

Read Mode AC Electrical Characteristics 1,=0°C 0 70°C, Vo =5V +5% (Notes 2, 3 & 7)

NMC9816A-20 NMC9816A-25 NMC9816A-35
Symbol Parameter Conditions . Typ . Typ . Typ Units
Min (Note 1) Max | Min (Note 1) Max | Min (Note 1) Max

tacc Address to Output CE=0E=V,_ 150 200 200 250 300 350 | ns
Delay

tcg CEto Output Delay | OE=V_ 150 200 200 250 300 350 | ns

toE Output Enable to CE=V|_ 10 75 | 10 100 | 10 120 | ns
Output Delay

toF Output Disable CEorOE=V|_| 0 80 0 100 | 0 100 | ns
to Output Float

toH Output Hold from CE,OE=V)_ 0 0 0 ns
Addresses, CE or OE
Whichever Occurred
First

Write Mode AC Electrical Characteristics 1,=0°Cto70°C, Vo =5V +5% (Notes 2,3 & 7)

Symbol Parameter Conditions Min (ND{E 1) Max Units
tAs Address to Write Set-Up Time 20 ns
tcs CE to Write Set-Up Time 20 ns
twp (Note 6) Write Pulse Width 150 ns
tAH Address Hold Time 50 ns
tps Data Set-Up Time OE=V|4 50 ns
toH Data Hold Time OE=Viy 20 ns
tcH CE Hold Time 20 ns
toL Data Latch Time 50 ns
twe Byte-Write Cycle Time 4 10 ms
toEs Output Enable Setup Time 10 ns
toEH Output Enable Hold Time 10 ns

High Voltage Chip Erase AC Electrical Characteristics (ote 5

Ta = 0°Cto +70°C, Vo = 5V +5% (Notes 2, 3 & 7)
Symbol Parameter Conditions Min (Nz‘t!: 1) Max Units
tcs CE Set-Up Time WE = 6V 10 ns
tos Output Enable Set-Up Time WE = 6V 10 ns
toH Output Enable Hold Time WE = 6V 1 us
twR Write Recovery Time WE = 6V 1 us
twe Chip Erase Pulse Width WE = Vgg 9 15 ms

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

Note 2: To prevent spurious device erase or write, WE or CE=V)y must be applied simultaneously or before Vo = 4V. WE or CE=Vjy must be removed
simultaneously or after V¢ falls before 4V.

Note 3: To prevent damage to the device it must not be inserted into or removed from a board with power applied.

Note 4: tpe is specified from OE or CE, whichever occurs first.

Note 5: Low voltage Vg sense circuit does not inhibit the high voltage Chip Erase feature.

Note 6: WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle.

Note 7: Tp for NMC9816AE = —40°C to +85°C, Voc = 5V +10%, Ta for NMC9816AM = —55°C to +125°C, Vo = 5V +10%.
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NMC9816A

Switching Time Waveforms
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Device Operation

The NMC9816A has 6 modes of user operation which are
detailed in Table I. All modes are designed to enhance the
NMC9816A’s functionality to the user and provide total mi-
croprocessor compatibility.

TABLE I. Ve = 5V

Pin| — | ==
E =1
Mode CE | OE | WE | 19/Og-17/07
Read ViL| Vie | ViH Dout
Standby Vig| X X Hi-Z
Write ViL| Ve | U Din
Vil X | X High-Z
Busy
X | V| X High-Z
DataPolling | Vi | Vi | X | 17707 = Dy
Chip Erase | Vi_ | VER | VER X
L]
[ — \J
FROM DECODER w1 CE VCC —5 VDC
L]
L}
'
J— ] —
FROM RD —.—-> OE
' NMC9816A
H 2
— ] — E” PROM
FROM WR e | WE
L}
'
L}
'
AO=A10 —’ AD=A10
'
'
'
10/0g=17/0; Sl 10/0,-1,/0; N -
. —
' =
e
SYSTEM : NMC9816A

REQUIREMENTS * REQUIREMENTS
TL/D/8451-5

FIGURE 3. Simple NMC9816A Interface Requirements

WRITE MODE

The NMC9816A is programmed electrically in-circuit, yet it
provides the non-volatility usually obtained by optical era-
sure in EPROMS and by batteries with CMOS RAM. Writing
to non-volatile memory has never been easier as no high
voltage, external latching, erasing or timing is needed.
When commanded to byte-write, the NMC9816A automati-
cally latches the address, data, and control signals and
starts the write cycle. During the write cycle Vpp is generat-
ed on-chip to perform an automatic byte-erase, then write.

DATA POLLING

The NMC9816A features DATA Polling to signal the com-
pletion of a byte write cycle. During a write cycle, an at-
tempted read of the last byte written results in the data com-
plement of that byte at I/07. After completion of the write
cycle, true data is available. DATA Polling allows a simple
read/compare operation to determine the status of the chip
eliminating the need for external hardware.

DATA PROTECTION ON Vcc POWER UP AND POWER
DOWN

An erase/write of a byte in the NMC9816A is accomplished
with input signals CE, WE = V.. During system (Vgc) pow-
er up and power down, this condition may be present as
Ve ramps up to or down from its steady state value of 5V.
To prevent the possibility of an inadvertant byte write during
this power transition period, an on-chip sensing circuit dis-
ables the internal programming circuit if Vg falls below 4V
(VLKO).

OPTIONAL HIGH VOLTAGE CHIP ERASE CYCLE

All data can be changed to “1” or erase state in one 10 ms
cycle by raising OE to 12-22V and bringing WE to 12-22V
for twp msec.

READ MODE

One aspect of the NMC9816A’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 contention.
The NMC9816A can be selected using decoded system ad-
dress lines to CE and then the device can be read, within
the device selection time, using the processor’s RD signal
connected to OE.

STANDBY MODE

The NMC9816A 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
NMC9816A’s. This mode occurs when the device is dese-
lected (CE= V). 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 NMC9816A is compatible with industry standard micro-
processors. It requires no interface circuitry and no support
circuitry.

The NMC9816A is ideal for non-volatile memory require-
ments in applications requiring storage of user defined func-
tions, calibration constants, configuration parameters and
accumulated totals. Soft key configuration in a graphics ter-
minal is an example where user defined functions, such as
protocol, color, margins and character fonts can be keyed in
by the user. Calibration constants could be stored by the
NMC9816A in the smart interface for a robot’s axis of move-
ment. Movement constants, compensation algorithms and
learned axis characteristics can be stored. In programmable
controllers and data loggers, configuration parameters for
polling time, sequence and location, could be stored in the
NMC9816A. Accumulated totals for dollars, energy con-
sumption, volume and even the logging of service done on
computer boards or systems can be stored in the
NMC9816A.

The NMC9816A is cost effective for lower density E2PROM
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 include:
board space and component reductions, reduced assembly
costs, savings in inventory costs, handling costs and quality
assurance. The designer will find the NMC9816A reduces
design time by a sizable factor over the 2816 or 2817 due to
the integration of timing, logic, latching and 5V-only opera-
tion.

V9186ONN
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NMC9816A

Device Operation (continued)

The NMC9816A will also open up new applications in envi-
ronments where flexible parameter/data storage could not
be implemented before. For example, applications with
board space constraints are ideal for the NMC9816A. Sev-
eral NMC9816A’s can reside 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 NMC9816A’s internal write cycle contains an automatic
erase feature. The 2816 does not have this capability and
must be given an external erase cycle prior to a write. The
2816 has a write time specification of 9 ms. Typically, these
devices will write in times less than 9 ms, but the worst-case
bit defines the minimum specification.

The NMC9816A’s internal cycle consists of an automatic

2 ms (typical) erase followed by a 2 ms (typical) write. The

total cycle is then typically 4 ms. The NMC9816A maximum

specification is 10 ms.

WRITE PROTECTION

There are three features that protect the nonvolatile data

from an inadvertant write.

® Noise Protection — A WE pulse of less than 20 ns will not
initiate a write cycle.

® Vcc Sense — When Vg is below approximately 4V all
5V-only write functions are inhibited.

® Write Inhibit — Holding OE low, WE high, or CE high, in-
hibits a write cycle during power-on and power-off (Vgg).
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National
Semiconductor

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

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 microprocessor 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 applications requiring
up to 104 write cycles per byte. The NMC9817 is a product
of National’'s advanced E2PROM stepper technology and
uses the powerful XMOST™™ process for reliable, non-volatile
data storage. )

The NMC9817 sharply minimizes the interfacing hardware
logic and firmware required to perform data writes. The de-
vice has complete self-timing which leaves the processor
free to perform other tasks until the NMC9817 signals
‘ready’. With an automatic erase before write, the user ben-
efits by saving an erase command contributing to efficient
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 applications.
It uses the proven two line control architecture which elimi-
nates bus contention in a system environment. Combining
these features with the NMC9817’s open-drain ‘Ready’ sig-
nal makes the device an extremely powerful, yet simple to
use, E2PROM memory.

PRELIMINARY

E2PROM

The density, and level of integrated control, make the
NMC9817 suitabie 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 eperation and on-chip latch-
es. See Figures 1, 2 and 3 for the NMC9817 block diagram,
pinout, and simple interface requirements.

Features
m Single 5V supply (eliminates an external 21V Vpp)
| Self-timed byte-write with auto erase
m No external capacitor or pulse shaping circuits
® On-chip address and data latches
® Two line output control
B TRI-STATE® outputs
® RDY pin indicator
Bm Fast byte-writing
Write cycle (2 ms typical)
E/W cycle (4 ms typical)
m Very fast access times
NMC9817-20—200 ns
NMC9817-25—250 ns
NMC9817-35—350 ns
m Direct microprocessor interface capability
m No support components needed
B Reliable E2PROM XMOS stepper technology

Block and Connection Diagrams

Dual-In-Line Package

DATA INPUTS/ OUTPUTS
—| RDY/
J 1 . —
'VE"’L Vep GENERATOR j lo/00-17/07 BUsY —1 U 28— Vg
! BRRANEY " i
—] INPUT LATCHES a7 —3 26— NC
9 CHIP ENABLE/OUTPUT 4 25 A8
— ENABLE LOGIC A6 —1
WE —s 28—
— AS A9
— AUTOMATIC WRITE TIMING INPUT/OUTPUT
RDY/BUSY — BUFFERS A —6 23— NC
D AUTOMATIC ERASE LOGIC
I I A —7 NMC9B17 22— O
A2 —{8 EZPROM 21f— At
A-A10 ’_‘, M o ] A1 —{9 20}— TE
ADDRESS . DECODER . Y GATING
INPUTS T A0 —4 10 19— 17/07
mmp|  LATCHES
— 1 lg/0p —4 11 18 = 15/0¢
H X 4 16.384-BIT
M DECODER . CELL MATRIX /01 —412 17 p—15/05
—— ot
12/0; =413 16 f— 1a/04
TL/D/5041-1
FIGURE 1 GND —{ 14 15— 13/03
Pin Names
AO-A10 Addresses oIy Data Inputs TopView o
GE Chip Enable  RDY/BUSY Device Ready/Busy (Open-Drain Output) FIG?URE 2
OE Output Enable NC No Connect
0p-0O7 Data Outputs Order Number NMC9817J-20,

NMC9817J-25 or NMC9817-35
See NS Package Number J28A

1-45

LI86JNN



NMC9817

Absolute Maximum Ratings

Temperature Under Bias

Storage Temperature

All Input or Output Voltages with
Respect to Ground

Lead Temp. (Soldering, 10 seconds)

—10°Cto +80°C
—65°Cto +125°C

Operating Conditions
Temperature Range
V¢ Power Supply (Notes 2 and 3)

+6Vto —0.3V

300°C

0°Cto +70°C
5V £5%

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 absolute
maximum rating conditions for extended periods may affect device reliability.

DC Electrical Characteristics T,=0-C 0 70°C, Voo =5V +5% (Notes 2 and 3)

Symbol Parameter Conditions Min (NK: 1) Max Units
READ OPERATION
I Input Leakage Current ViN=5.25V 10 HA
ILo Output Leakage Current Vour=5.25V 10 HA
lccA Vg Current (Active) OE=CE=V|_ 40 80 mA
Iccs Ve Current (Standby) CE=Vj 12 25 mA
ViL Input Low Voltage -0.1 0.8 \
ViH Input High Voltage 2.0 Voot 1 \
VoL Output Low Voltage loL=2.1mA 0.45 Vv
VoH QOutput High Voltage loq= —400 nA 2.4 \
WRITE OPERATION
lcow [ Ve Current (Write) r RDY/BUSY=Vq_ —{ 40 . 80 mA
Capacitance 1,=25c, f=1MHz (Note 1)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Cin Input Capacitance ViN=0V 5 10 pF
Cout Output Capacitance Voyur=0Vv 10 pF
AC Test Conditions
Output Load 1 TTL gate and C_= 100 pF Timing Measurement Reference Level
Input Pulse Levels 0.45V to 2.4V Input 1V and 2V
Output 0.8V and 2V
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Read Mode AC Electrical Characteristics 1o=0°C to 70°C, Vg =5V +5% (Notes 2 and 3)

NMC9817-20 NMC9817-25 NMC9817-35
Symbol Parameter Conditions . Typ . Typ . Typ Units
Min (Note 1) Max | Min (Note 1) Max | Min (Note 1) Max
tacc Address to Output CE=0E=V,_ 150 200 200 250 300 350 | ns
Delay
tce CE to Output Delay | OE=V,_ 150 200 200 250 300 350 | ns
toe Output Enable to CE=V)_ 10 75 10 100 | 10 120 ns
Output Delay
top Output Disable CEorOE=V, | 0 80 | O 100 [ O 100 | ns
to Output Float
toH Output Hold from CE, CE=V,_ 0 0 0 ns
Addresses, CE or OE
Whichever Occurred
First
Write Mode AC Electrical Characteristics 1o=0°Cto 70°C, Vo =5V +5% (Notes 2 and 3)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
tas Address to Write Set-Up Time 20 ns
tcs CE to Write Set-Up Time (Note 5) 20 ns
twp Write Pulse Width 100 ns
tAH Address Hold Time 50 ns
tps Data Set-Up Time OE=V|y 50 ns
tpH Data Hold Time OE=V|y 20 ns
toH CE Hold Time 20 ns
ipB 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 spurious device erase or write, WE or CE= V4 must be applied simultaneously or before application of Vcg. WE or CE = V4 must be removed
simultaneously or after Vgc.

Note 3: To prevent damage to the device it must not be inserted into or removed from a board with power applied.
Note 4: tpg is specified from OE or CE, whichever occurs first.
Note 5: Tcg = 35 ns on —25 and —35 devices.

Switching Time Waveforms

Read

ADDRESSES

X

ADDRESSES VALID

OUTPUT

A OUTPUT

tor
(NOTE 4)

TL/D/5041-3

1-47

LI86JNN



NMC9817

Switching Time Waveforms (continued)

Write
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RDY/BUSY {-
twp—————>1
TL/D/5041-4
Device Operation
The NMC9817 has 4 modes of user operation which are  \WRITE MODE

detailed in Table 1. All modes are designed to enhance the
NMC9817’s functionality to the user and provide total micro-
processor compatibility.

TABLE I. Vgg = 5V

Mod: " | o | oF | WE | 1o/ 0Oo-17/07 | RDY/BUSY
Read | Vi |Vi|Vin| Dour Hi-Z
Standby | Vig | X X Hi-Z Hi-Z
Write | Vi | Vin | LT Din VoL
Busy X X X Hi-Z VoL

The NMC9817 is programmed electrically in-circuit, yet it
provides the non-volatility usually obtained by optical era-
sure in EPROMS and by batteries with CMOS RAM. Writing
to non-volatile memory has never been easier as no high
voltage, external latching, erasing or timing is needed.
When commanded to byte-write, the NMC9817 automatical-
ly latches the address, data, and control signals and starts
the write cycle. Concurrently, the ‘Ready’ line goes low, indi-
cating that the NMC9817 is busy and that it can be dese-
lected to allow the processor to perform other tasks. The
Ready/Busy signal is an open-drain output. During the write,
a high Vpp is generated on-chip to perform an automatic
byte-erase, then write.

As a precaution against spurious signals which may cause
an inadvertant 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 4).

FROM DECODER =——————p}

FROM RD ———————p|
FROM WR —————p

T0 INTERRUPT i
A0-A10 Jﬁ
lo/00-17/07 +

7

CE Vee — 5 Voc

O \mcoi7
_ EPROM
WE

RDY/BUSY
A0-A10

lo/00-17/07 GND

L

SYSTEM
REQUIREMENTS

NMCg817
REQUIREMENTS

TL/D/5041-5

FIGURE 3. Simple NMC9817 Interface Requirements
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Device Operation (continued)

NMC9817

Vee

R=4K 70 10 KQ

TL/D/5041-6

FIGURE 4. Pullup R on WE

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 contention.
The NMC9817 can be selected using decoded system ad-
dress lines to CE and then the device can be read, within
the device selection time, using the processor’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 deselect-
ed (CE=Vy). 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 support
circuitry.

The NMC9817 is ideal for non-volatile memory require-
ments in applications requiring storage of user defined func-
tions, calibration constants, configuration parameters and
accumulated totals. Soft key configuration in a graphics ter-
minal is an example where user defined functions, such as
protocol, color, margins and character fonts can be keyed in
by the user. Calibration constants could be stored by the
NMC8817 in the smart interface for a robot’s axis of move-
ment. Movement constants, compensation algorithms and
learned axis characteristics can be stored. In programmable
controllers and data loggers, configuration parameters for

polling time, sequence and location, could be stored in the
NMC9817. Accumulated totals for dollars, energy consump-
tion, volume and even the logging of service done on com-
puter boards or systems can be stored in the NMC9817.

The NMC9817 is cost effective for lower density E2PROM
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 include:
board space and component reductions, reduced assembly
costs, savings in inventory costs, handling costs and quality
assurance. The designer will find the NMC9817 reduces de-
sign time by a sizable factor over the 2816 or 2817 due to
the integration of timing, logic, latching and 5V-only opera-
tion.

The NMC9817 will also open up new applications in envi-
ronments where flexible parameter/data storage could not
be implemented before. For example, applications with
board space constraints are ideal for the NMC9817. Several
NMC9817s can reside 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 automatic
erase feature. The 2816 does not have this capability and
must be given an external erase cycle prior to a write. Typi-
cally, these devices will write in times less than 9 ms, but the
worst-case bit defines the minimum specification.

The NMC9817’s internal cycle consists of an automatic
2 ms (typical) erase followed by a 2 ms (typical) write. The
total cycle is then typically 4 ms. This cycle is the time that
‘Ready’ is held low by the device. The NMC9817 maximum
specification is 10 ms.
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NMC9817A

National
Semiconductor

PRELIMINARY

NMC9817A 16,384-Bit (2k x 8) E2PROM

General Description

The NMC9817A is a fast 5V-only E2PROM which offers
many desired features ideally suited for efficiency and ease
in system design. The features on the NMC9817A include:
5V-only operation provided by an on-chip Vpp generator
during erase-write; address and data latches to reduce part
count and free the microprocessor 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 applications requiring up to 104 write
cycles per byte. The NMC9817A is a product of National's
advanced E2PROM stepper technology and uses the pow-
erful XMOS™ process for reliable, non-volatile data stor-
age.

The NMC9817A sharply minimizes the interfacing hardware
logic and firmware required to perform data writes. The de-
vice is self-timed which leaves the processor free to perform

Features

m Single 5V supply

m Self-timed byte-write with auto erase

m On-chip address and data latches

Two line output control

TRI-STATE® outputs

RDY pin indicator

Data polling verification

High voltage chip erase

Fast byte-writing

Write cycle (2 ms typical)
E/W cycle (4 ms typical)

m Very fast access times
NMC9817A-20—200 ns
NMC9817A-25—250 ns
NMC9817A-35—350 ns

other tasks until the NMC9817A signals ‘ready’. With an W On chip power up/down protection
automatic erase before write, the user benefits by savingan B Direct microprocessor interface capability
erase command contributing to efficient usage of system m No support components needed
processing time. On-chip address and data latching further  w Reliable E2PROM XMOS stepper technology
enhances system performance.
The NMC9817A also features DATA Polling, which enables
the E2PROM to signal the processor that a write operation
is complete without requiring the use of any external hard-
ware. Improved data protection during Vg power up/down
transitions is provided by an on-chip Vcc sensing circuit
which disables the initiation of all 5V-only programming
modes when Vg is less than 4 volts. See Figures 1, 2 and
3 for the NMC9817A block diagram, pinout, and simple in-
terface requirements.
Block and Connection Diagrams Dual-In-Line Package
vee DATA INPUTS/OUTPUTS RDY
[ DATA PROTECTION CIRCUIT lo/09-17/07 BTJ'ST/" ! U Bl Ve
—
TE NC — 2 =W
CHIP ENABLE/QUTPUT
[ ENABLE LOGIC A7 —3 61— NC
W A = 4 25 p— A8
—] AUTOMATIC WRITE TIMING INPUT LATCHES
ROY/BUSY — A5 ——q5 2U}— ng
AUTOMATIC ERASE LOGIC _—
A4 =1 6 23— NC
T I I | INPUT/OUTPUT A3 —q7 22— 0
veo BUFFERS
GMD: I Vpp GENERATOR J A2 =8 ) 21 f— A10
r l l l m—fs 20— TE
A0-A10 T A0 —{ 10 19— 17/07
ADDRESS . 3
INPUTS ozczom . ¥ GATING l0/0g —{ 11 18} 15/05
=P wcwes [ - 1/0) —{12 17— 15705
. X : 16,384-BIT
= DECODER : CELL MATRIX 1270, — 13 16 f 14704
FIGURE 1 TL/D/8370-1 N0 — 14 15— 1370y
Pin Names Top View  TL/D/8370-2
A0-A10 Addresses lo-17 Data Inputs FIGURE 2
CE Chip Enable RDY/BUSY Device Ready/Busy
(Open-Drain Output) Order Number NMC9817AN-20,
OE Output Enable NC No Connect NMC9817AN-25 or NMC9817AN-35
0o-07 WE Write Enable See NS Package J28A or N28B

Data Outputs
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. . . .. =
Absolute Maximum Ratings Operating Conditions o
Temperature Under Bias Temperature Range 8
NMC9817A - —10°Cto +80°C NMC9817A 0°Cto +70°C 3 !
NMC9817AE —50°Cto +95°C NMC9817AE —40°Cto +85°C >
NMC9817AM —55°Cto +125°C NMC9817AM —55°Cto +125°C
Storage Temperature —65°C to +150°C Ve Power Supply (Notes 2 and 3)
All Input or Output Voltages with NMC9817A 5V £5%
Respect to Ground +6Vto —0.3V NMC9817AE & NMC9817AM 5V £10%
Lead Temp. (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 operation-
al sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.
DC Electrical Characteristics 1, for NMC9817A = 0°C to +70°C, Vg = 5V £5% (Notes 2, 3 & 7)
- . Typ .
Symbol Parameter Conditions Min (Note 1) Max Units
READ OPERATION
1L Input Leakage Current NMC9817A 10
NMC9817AE GND to Ve 10 rA
NMC9817AM 10
ILo Output Leakage Current  NMC9817A 10
NMC9817AE GND to Ve 10 rA
NMC9817AM 10
lcca Vcc Current (Active) NMC9817A o 40 80
NMC9817AE OE =CE =V|_ 40 100 mA
NMC9817AM 40 100
lccs Vi Current (Standby) NMC9817A o 12 25
NMC9817AE CE = V|4 12 30 mA
NMC9817AM 12 30
ViL Input Low Voltage —0.1 0.8 \
ViH Input High Voltage NMC9817A 2.0 Voo + 1
NMC9817AE 2.2 Voo + 1 \"
NMC9817AM 22 Vee + 1
VoL Output Low Voltage loL =21mA 0.45 v
VoH Output High Voltage loy = —400 pA 2.4 Vv
WRITE OPERATION
lccw Ve Current (Write)  NMC9817A 40 80
NMC9817AE RDY/BUSY = Vo 40 100 mA
NMC9817AM 40 100
Viko Ve Level For 4.0 \Y
Write Lockout
HIGH VOLTAGE CHIP ERASE
VER OE and WE Voltage .
in Chip Erase Mode 12 22 v
Capacitance 1, = 25°c, f = 1 MHz (Note 1)
e . Typ .
Symbol
ymbol Parameter Conditions Min (Note 1) Max Units
Cin Input Capacitance ViN = 0V 5 10 pF
Cout Output Capacitance VouTt = 0V 10 pF
AC Test Conditions
Output Load 1TTL gateand C| = 100 pF Timing Measurement Reference Level
Input Pulse Levels 0.45V to 2.4V Input 1V and 2V
Output 0.8V and 2V




NMC9817A

Read Mode AC Electrical Characteristics 1, = o°cto +70°C, Vog = 5V £5% (Notes 2,3 & 7)

NMC9817A-20 NMC9817A-25 NMC9817A-35
Symbol Parameter Conditions Min (NH: N Max | Min Nore 1 Max | Min (NH: 0 Max Units
tacc Address to Output CE =0OE = vV,_ 150 200 250 300 350 | ns
Delay
tcE CE to Output Delay | OE = V). 150 200 250 300 350 | ns
toe Output Enable to CE =V 10 75 | 10 100 | 10 120 | ns
Output Delay
toF Output Disable to CEorOE=V)_L | ©0 80 | O 100 | © 100 | ns
Output Float
toH Output Hold from | CE, OE = Vi 0 0 0 ns
Addresses, CE or OE
Whichever Occurred
First
Write Mode AC Electrical Characteristics 7, = 0°Cto +70°C, Vo = 5V +5% (Notes 2,3 &7)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
tas Address to Write Set-Up Time 20 ns
tcs CE to Write Set-Up Time 20 ns
twp (Note 6) Write Pulse Width 150 ns
tAH Address Hold Time 50 ns
tps Data Set-Up Time OE = V|4 50 ns
toH Data Hold Time OE = V4 20 ns
toH CE Hold Time 20 ns
tps Time to Device Busy 120 ns
twe Byte-Write Cycle Time 4 10 ms
toL Data latch time 50 ns
togs Output Enable Set-up Time 10 ns
toeH Ouput Enable Hold Time 10 ns
High Voltage Chip Erase AC Electrical Characteristics note 5)
Ta = 0°Cto +70°C, Vgc ~ 5V +5% (Notes 2, 3 & 7)
Symbol Parameter Conditions Min (NI‘t,: 1 Max Units
tos CE Set-up Time WE = 6V 10 ns
tos Output Enable Set-up Time WE = 6V 10 ns
toH Output Enable Hold Time WE = 6V 1 ps
twr Write Recovery Time WE = 6V 1 us
twp Chip Erase Pulse Width WE = Vgr 9 15 ms

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

Note 2: To prevent spurious device erase or write, WE or CE = V) must be applied simultaneously or before Voc = 4V. WE or CE = Vjy must be removed
simultaneously or after Vg falls below 4V.

Note 3: To prevent damage to the device it must not be inserted into or removed from a board with power applied.

Note 4: tpr is specified from OE or CE, whichever occurs first.

Note 5: Low voltage V¢ sense circuit does not inhibit the high voltage chip erase feature.
Note 6: WE is noise protected. Less than 20 ns write pulse will not activate a write cycle.
Note 7: NMC9817AE = —40°C to +85°C, Vgg = 5V +10%, NMC9817AM = —55°C to +125°C, Vg = 5V +10%.
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Switching Time Waveforms
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NMC9817A

Device Operation

The NMC9817A has 6 modes of user operation which are
detailed in Table I. All modes are designed to enhance the
NMC9817A’s functionality to the user and provide total mi-
croprocessor compatibility.

TABLE I Veg = 5V

Pin| — | == | we —
WE | | =| RDY/BUSY
Mode CE | OE E | 1o/0Og=17/07 /BUS
Read Vil ViL | VIH Dout Hi-z
Standby | Vi | X X Hi-Z Hi-Z
Write ViL| Viv | L Din VoL
Busy ViH| X X Hi-Z VoL
X |1VRh| X Hi-Z VoL
Data —
= V,
Polling Vi| Vi | X | 17/07=Dn oL
Chip
ViL |V V X V
Erase IL ER ER oL

WRITE MODE

The NMC9817A is programmed electrically in-circuit, yet it
provides the non-volatility usually obtained by optical era-
sure in EPROMSs and by batteries with CMOS RAM. Writing
to non-volatile memory has never been easier as no high
voltage, external latching, erasing or timing is needed.
When commanded to byte-write, the NMC9817A automati-
cally latches the address, data, and control signals and
starts the write cycle. Concurrently, the ‘Ready’ line goes
low, indicating that the NMC9817A is busy and that it can be
deselected to allow the processor to perform other tasks.
The Ready/Busy signal is an open-drain output. During the
write, cycle Vpp is generated on-chip to perform an auto-
matic byte-erase, then write.

FROM DECODER ~——————p | TE
FROM RD ——————p| OF

FROM WR ——————p | WE

T0 INTERRUPT ¢————— RDY/BUSY
£0-10 sl 20-410
lo/0g-17/07 ] 10/00-17/07  GND L].

Vee = 5 Voc

NMC9817A
E?PROM

SYSTEM NMC9817A
REQUIREMENTS  REQUIREMENTS

TL/D/8370-5

FIGURE 3. Simple NMC9817A Interface Requirements
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Device Operation (continued)

DATA POLLING

The NMC9817A also features DATA Polling to signal the
completion of a byte write cycle. During a write cycle, an
attempted read of the last byte written results in the data
complement of that byte at 1/07. After completion of the
write cycle, true data is available. DATA Polling allows a
simple read/compare operation to determine the status of
the chip eliminating the need for external hardware.

ON-CHIP DATA PROTECTION ON V¢

POWER UP AND POWER DOWN

An erase/write of a byte in the NMC9817A is accomplished
with input signals CE, WE = VL. During system (Vcg) pow-
er up and power down, this condition may be present as
Vcc ramps up to or down from its steady state value of 5
volts. To prevent the possibility of an inadvertent byte write
during this power transition period, an on-chip sensing cir-
cuit disables the internal programming circuit if Vgg falls
below 4 volts (V| ko)-

WRITE TIME CHARACTERISTICS

The NMC9817A’s internal write cycle contains an automatic
erase feature. The 2816 does not have this capability and
must be given an external erase cycle prior to a write. The
2816 has a write time specification of 9 ms. Typically, these
devices will write in times less than 9 ms, but the worst-case
bit defines the minimum specification.

The NMC9817A’s internal cycle consists of an automatic 2
ms (typical) erase followed by a 2 ms (typical) write. The
total cycle is then typically 4 ms. This cycle is the time that
‘Ready’ is held low by the device. The NMC9817A maxi-
mum specification is 10 ms.

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 Vg is below approximately 4 volts
all 5V-only write functions are inhibited.

¢ Write Inhibit—Holding OE low, WE high, or CE high, in-
hibits a write cycle during power-on and power-off (Vcg).

OPTIONAL HIGH VOLTAGE CHIP ERASE CYCLE

All data can be changed to ““1” or erase state in one 10 ms
cycle by raising OE to 12-22V and bringing WE to 12-22V for
twp msec.

READ MODE

One aspect of the NMC9817A’s high performance is its very
fast read access time—typically less than 200 ns. Its read
cycle is similar to that of EPROMSs and static RAMSs. It offers
a two line control architecture to eliminate bus contention.
The NMC9817A can be selected using decoded system ad-
dress lines to CE and then the device can be read, within
the device selection time, using the processor’s RD signal
connected to OE.

STANDBY MODE

The NMC9817A 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

NMC9817As. This mode occurs when the device is dese-
lected (CE = Vu). The data pins are put into the high im-
pedance state regardiess of the signals applied to OE and
WE concurrent with the reading and writing of other devices.

SYSTEM IMPLEMENTATION AND APPLICATION

The NMC9817A is compatible with industry standard micro-
processors. It requires no interface circuitry and no support
circuitry.

The NMC9817A is ideal for non-volatile memory require-
ments in applications requiring storage of user defined func-
tions, calibration constants, configuration parameters and
accumulated totals. Soft key configuration in a graphics ter-
minal is an example where user defined functions, such as
protocol, color, margins and character fonts can be keyed in
by the user. Calibration constants could be stored by the
NMC9817A in the smart interface for a robot’s axis of move-
ment. Movement constants, compensation algorithms and
learned axis characteristics can be stored. In programmable
controllers and data loggers, configuration parameters for
polling time, sequence and location, could be stored in the
NMC9817A. Accumulated totals for dollars, energy con-
sumption, volume and even the logging of service done on
computer boards or systems can be stored in the
NMC9817A.

The NMC9817A is cost effective for lower density E2PROM
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 include:
board space and component reductions, reduced assembly
costs, savings in inventory costs, handling costs and quality
assurance. The designer will find the NMC9817A reduces
design time by a sizable factor over the 2816 or 2817 due to
the integration of timing, logic, latching and 5V-only opera-
tion.

The NMC9817A will also open up new applications in envi-
ronments where flexible parameter/data storage could not
be implemented before. For example, applications with
board space constraints are ideal for the NMC9817A. Sev-
eral NMC9817As can reside 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.

The NMC9817A’s very fast read access times make it com-
patible with high performance microprocessor applications.
It uses proven two line control architecture which eliminates
bus contention in a system environment. Combining these
features with the NMC9817A’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
NMC9817A suitable for users requiring minimum hardware
overhead, high system performance, minimal board space
and design ease. An optional high voltage chip erase fea-
ture is provided for quick erasure of the memory data pat-
tern in a single 9 msec Chip Erase cycle. Designing with and
using the NMC9817A is extremely cost effective as the re-
quired high voltage and interfacing hardware required for
other E2PROM devices has been eliminated by 5V-only op-
eration and on-chip latches.
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NMC98C64

National
Semiconductor

NMC98C64

PRELIMINARY

D /| %
N 2
PRA AN

microCMOS

8k x 8 CMOS Electrically Erasable PROM

General Description

The NMC98C64 is a 5V only CMOS E2PROM with desirable
ease of use features that facilitate in-circuit programming
using a single suppy and TTL level signals. In addition, the
NMC98C64 is compatible with present high density
EPROMSs which require high voltage programming and UV
erasing. The NMC98C64 is a state-of-the-art product that
uses the advanced microCMOS stepper based technology.
The process is an enhancement of the proven XMOS™
process for reliable, non-volatile data storage.

Writing data in NMC98C64 is analagous to writing to a
SRAM. A 200 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 duration
of the write. Ready/Busy facilitates service by providing 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 effec-
tive rate of 300 us/page or 2.6 seconds to write an entire
chip.

Features
m Single 5-V power supply
m Low CMOS power
— Active, 10 mA typical
— Standby, 100 nA typical
— Quiescent, 100 uA typical
m Simple byte write and page write
— On-chip address and data latches
— Self-timed cycle, auto erase before write
— Page write up to 32 bytes per page
— Ready/Busy open drain status output and DATA
polling verification
— Write protection
m Fast write time
— Byte or page write, 10 ms max
— Entire chip write in 2.6 seconds
— Page data load, 300 us typical
m Fast access time: 200 ns/250 ns/350 ns
B CMOS and TTL compatible level inputs/outputs

Block and Connection Diagrams

BSY _1 28 V)
01 103 WOs 10y READY/BSY _LJ A 2. Voo
GND O——> 0y /0 /04 /05 A _2] 27 WE
Voo O—>] NG
% o Vep GENERATOR I I I I I I I I g 26,
0 O—p hs 4 25 As
WE O—>] CONTROL LOGIC ""‘:‘T:ﬂ';c‘:gss As _5| 2 Ay
RDY/BUSY ¢——ri n o E““
Ay _7] 22 OF
NMC98C64
Ao _8] 8K x8 121 Aw
v N A9 20 CE
Ay > l
A COLUMN Ay 10 19 1107
A, ADDRESS Y DECODERS
Ay BUFFERS T 4oy _11] 18 1105
he 101 12| 17 105
102 _13] 16 110,
As Vss 14 15_1/0
n ss 14 151103
A ]
n Row | X xs TL/D/7514-1
ho BUFFERS DECODERS B Order Number NMC98C64
A See NS Package J28A
hrz Ao-A4 Column Addresses
As—Aqp Row Addresses
1/00-1/07 Data Inputs/Outputs
TL/D/7514-2 CE Chip Enable
OE Qutput Enable
WE Write Enable
RDY/BUSY Device Ready/Busy
NC No Connect
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TABLE I. Operation Modes (Vgc = 5V + 10%)
Mode CE OE WE 1/00-1/07 RDY/BUSY Power
Read Vi ViL ViH Dout High Z Active/Quiescent
Write Single Byte or ViL ViH gup DN HighZ — Vol Write
1st Byte in a Page
Write Subsequent Bytes ViL X 1 Din Vol Write
in a Page
Busy Vin X X Hi-Z Vol Write
X ViH X Hi-Z Vol Write
DATA Polling Vi ViL ViH 1/07 = Din Vol/Hi-Z —
Standby ViH X X High Z High Z Standby
Write Inhibit - X ViL X - High Z -
X X ViH - High Z -
Device Operation

The NMC98C64 is organized as 256 rows of 32 bytes
(256 X 32 X 8). Address inputs A5 through A12 are decod-
ed to select one of the 256 rows (pages) of storage loca-
tions. AO through A4 are decoded to select one of the 32
bytes within the selected row. The device has various
modes of user operation (detailed in Table 1). All input/out-
put levels are TTL compatible. “X” denotes don’t care situa-
tion to TTL levels.

READ MODE

The read cycle of the NMC98C64 is similar to that of an
EPROM or a static RAM. A low CE and a low OE enable the
output buffers. The Ready/Busy pin is at high impedance
state during the read cycle.

WRITE MODE

Writing data to the NMC98C64 is similar to writing to a static
RAM. There are two ways to load data into data latches of
the device in a write cycle, which once initiated will automat-
ically continue to the completion in 10 ms.

A byte write is accomplished by applying to the device a
data load cycle in which a low going pulse to WE with CE
low and OF high is required. The data presented at I/0 pins
are written into the location selected by a byte address.

A page write allows a page of data to be written into
E2PROM in a single write cycle. Instead of one data load
cycle, up to 32 (page size) data load cycles can be applied
to the device in 300 us after the first data load cycle. The
address (A5-A12), which is presented to address pins be-
fore the first WE pulse going low, is latched in the device
and used as the page address for the rest of the cycle. The
byte addresses (AO-A4) may be put in any order providing
they are on the same page. Through page writes the entire
memory can be written (or rewritten) in 2.6 seconds.

The data load cycle can be finished by bringing CE or WE
high and keeping that through the rest of the data load time.
The row address (page address) is latched internally after
first data load cycle.

The WRITE mode status can be interrogated in two ways:

® Ready/Busy — The Ready/Busy pin (pin 1) goes to a
logic low level indicating that the NMC98C64 is in a write
cycle. When Ready/Busy goes back to high impedance

the NMC98C64 has completed writing, and is ready to ac-
cept another cycle.

® DATA Polling — The NMC98C64 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
1/07. After completion of the write cycle, true data is
available. DATA Polling allows a simple read/compare
operation to determine the status of the chip eliminating
the need for external hardware.

STANDBY MODE

A device is disabled by bringing CE high. The power dissipa-
tion is reduced to Iccs if it is disabled between operations.
Writing to the memory in the standby mode is inhibited.

WRITE INHIBIT MODE
Holding OE low or WE high always inhibits a write cycle.

WRITE PROTECTION

There are three features that protect the non-volatile data
from an inadvertent write:

* Noise Protection — A WE pulse of less than 20 ns will
not initiate a write cycle.

Write Inhibit — Holding CE high, OE low or WE high in-
hibits a write during the time when Vg supply is being
powered up/down,

Optional Vg Sense — To avoid the initiation of a write
cycle during Vg power up and power down, a write cy-
cle is locked out for Vcg less than 3.8 volts. It is the
user’s responsibility to insure that the control levels are
logically correct when Vg is above 3.8 volts.

To prevent spurious device erase or write, WE or CE =V,
must be applied simultaneously or before application of
Vce. WE or CE = Vg must be removed simultaneously or
after Vee.

To prevent damage to the device it must not be inserted into
or removed from a board with power applied.

ENDURANCE

National Semiconductor E2PROM devices are designed for
applications requiring up to 10,000 Erase/Write cycles per
byte.
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NMC98C64

Absolute Maximum Ratings
—10°Cto +80°C

Temperature Under Bias

Operating Conditions

Temperature Range

0°Cto +70°C

Storage Temperature —65°Cto +125°C Ve Power Supply (Notes 2 and 3) 5V £ 10%
All Input or Output Voltages with +6Vto —0.3V
Respect to Ground
Lead Temp. (Soldering, 10 Seconds) 300°C
Note: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the '
device at these or any other conditions above those indicat-
ed in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.
DC Electrical Characteristics 1, = o°Cto70°C, Voo = 5V + 10%
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
READ OPERATION
M Input Leakage Current VIN = Vss to Voe 10 RA
Vout = Vssto Vce
ILo Output Leakage Current CE = Vi 10 MA
Inputs toggling with
TTL . 10 20 + 5/MHz mA
loca Veg Current Active ViH & V| levels, I/0’s = Open
(Operating) Inputs toggling with CMOS levels
CMos (Voo — 0.2V; Vgs + 0.2V), I/0’s = Open 0.2+ 8/MHz | mA
lccs T Vg Current Standby ?E = Vi 2 mA
CMOS CE > Vgg — 0.2V 100 200 KA
Aoz = Vi b Vi O’ = Open 2 | m
lcca Ve Current Quiescent 07712 L H: S Ld
OE = CE < Vgg + 0.2V, WE > Vg — 0.2V
200 A
CcMOS I/0’s = Open, Ag-A12 = Vgg + 0.2V or Vgg — 0.2V ®
Vi Input Low Voltage —0.1 0.8 \
ViH Input High Voltage 2.0 Voo + 1 \
VoL TTL Output Low Voltage loL = 2.1mA 0.4 \
CMOS | Output Low Voltage loL = 10 A 0.2 v
Vo TTL Output High Voltage loq = —400 pA 2.4 \"
CMOS | Output High Voltage loH = —10 uA Vo — 0.2 \
WRITE OPERATION
lccw l Ve Current (Write) 1 RDY/Busy = VoL ] 20 [ mA
Capacitance 1, = 25:c, 1 = 1 MHz (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
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AC Test Conditions
Output Load 1 TTL gate and C_ = 100 pF
Input Pulse Levels 0.4V to 2.4V
Timing Measurement Reference Level
Input 1V and 2V
Output 0.8V and 2V
Input Rise and Fall 5ns

Read Mode AC Electrical Characteristics 14 = 0°Cto 70°C, Vg = 5V + 10%

NMC98C64-20 NMC98C64-25 NMC98C64-35
Symbol Parameter Conditions (Min| Typ |Max|{Min| Typ |Max|/Min| Typ |Max| Units
(Note 1) (Note 1) (Note 1)
taA Address Access Time CE=0E =V 200 250 350| ns
tce Chip Enable Access Time  |OE = V) 200 250 350| ns
tog Output Enable Access Time |CE = V. 75 100 120| ns
thz Output in Hi-Z from CE or OE |CE or OE = V)_ 80 100 100| ns
toH Output Hold from Address |CE = OE = V.| 0 0 0 ns
Change
ns
TR Input Rise and Fall Time 3 50 | 3 50 | 3 50 |(Notes
1&2)
tz Output Active from CE or OE | CE or OE = V)_| 20 20 20 ns
Write Mode AC Electrical Characteristics 14 = 0°Cto 70°C, Ve = 5V + 10% (Note 3)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
tas Address to WE Setup Time 10 ns
taH Address to WE Hold Time 200 ns
tcs Write Setup Time 0 ns
tcH Write Hold Time 0 ns
toes OE to WE Setup Time 30 ns
ToEH OE to WE Hold Time 200 ns
twp Write Pulse Time 200 ns
twPH Write Pulse High 200 ns
tos Data Setup Time OE = Viy 100 ns
toH Data Hold Time 20 ns
tos Time to Device Busy 120 ns
toLp Page Data Load Time 300 1000 s (Note 4)
twe Write Cycle Time 10 ms
1R Input Rise and Fall Time 3 50 ns (Note 1 & 2)

Note 1: This parameter only sampled and not 100% tested.
Note 2: All input signals must transit from V),_to Vi or from Vi to Vy_in a monotonic manner. Transition times are measured between Vyi_(max) and V| (min).

Note 3: Write cycles can be controlled by either WE or CE. Timing Diagram on page 5 indicates WE controlled Write Cycle. For CE controlled Write Cycle (i.e.
CE goes LOW after WE and goes HIGH before WE) timing specs referenced to WE edges should be referenced to CE edges.

Note 4: Proper DL cycles are guaranteed up to Minimum tp| p time. CE or WE DON'T CARE starts after Maximum tp p time.
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NMC98C64

Timing Waveforms

e tre tRg ————|
|
|
|
ADDRESS ), X X
|
la—tcE—»
tTR—p{ |je— |
CE \ /
oE \ / \
— Vi
WE iH
—» tz —»itLz —» thz
Dout
—» iz fe— e-toE o{
TL/D/7514-4
FIGURE 3. NMC98C64 Read Cycle Switching Time Waveforms
i toLp >
trR DATA LOAD CYCLE #32 (MAX. ALLOWED)
le— DATA LOAD CYCLE #1 ee 000 o0
As-A12
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DH
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FIGURE 4. NMC98C64 Write Cycle Switching Time Waveforms
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Section 2

Application Notes







Avoiding Problems Caused
by Capacitive Coupling
Between Input Signal Lines
on 21-Volt EEPROMs

The high input impedance of MOS memories, such as the
NMC 2816, makes such parameters as board layout, signal
shielding, device package, and driver characteristics of
great importance in minimizing the effects of pin to pin cou-
pling between input signal lines.

This problem is exaggerated on 21 volt EEPROMs where
the high voltage programming pulse applied to the VPP in-
put (pin 21) can couple sufficient voltage to the OE signal
line (pin 20) as to force the circuit into the chip erase mode
of operation, thereby causing data loss.

Figure 1 is a simplified schematic diagram showing the pos-
sible sources of pin to pin capacitive coupling and the out-
put stages of standard TTL drivers used to drive the ad-
dress and OE input signal lines.

The voltage coupled to the OE input signal line is

C2019

v20=V, +(ﬂ)a 21+(—————
oh™\ c2120+ C20 C2019+C20

)AV19

National Semiconductor
Application Brief 13
Elroy Lucero

May 1984

In standard 5-volt systems the amount of voltage coupled
between input signal lines is small and does not usually
present problems. However, for EEPROMs requiring 21 volt
pulses, the voltage coupled between input signals can be
much larger and may damage other devices on the signal
line whose input characteristics require that Vi, does not
exceed Voo + 1 volt. Moreover, an input signal coupled
above the specified Vi, maximum may cause the device to
enter an undesired or non-user test mode (e.g., “read re-
dundancy” or “stress array”).

The input impedance of an MOS input is typically greater
than 50 megohm for Vi, less than 20 volts and T, = 25°C.
This extremely high input impedance is limited only by the
reverse diode leakage of the pn junction present at the in-
put. This pn junction (part of the input protection circuitry
used to guard against possible ESD damage) is temperature
sensitive causing the effective input impedance to increase
at lower temperatures.

Vee

A10 SIGNAL LINE

PROGRAM Vep SIGNAL LINE
PULSE
GENERATOR A9 SIGNAL LINE
PIN 22
"9
TTL DRIVER c2221
CLASS-B |
OUTPUT STAGE Ve vl Vep
Veo —c
_1_ NMC 2816
R I 62120 16K EEPROM
OUTPUT ENABLE SIGNAL LINE - I PIN 20 _
T
L c20 |
I c2019
V. -
il I PIN 19
ATD
TTL DRIVER o
L I
CLASS-B L
OUTPUT STAGE Vee

N

Vss

TL/D/7084-1

Note: All capacitors are total effective capacitance caused by trace to trace capacitance on PC board, package pin to pin capacitance, device input

capacitance, signal line ca 1ce, etc.

Note: Resistor R limits voltage overshoot above Vi, cause by capacitive coupling.

FIGURE 1. Schematic Diagram Showing Pin to Pin Capacitive Coupling
and the Output Stages of TTL Drivers Used to Drive Signal Lines
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The output impedance of a standard TTL driver is quite low
and suitable for driving an MOS input signal line for Vo, less
than 4.5 volts. However, if the output voltage of the driver is
coupled above this potential the driver enters a high imped-
ance region, with only the reverse diode leakage of the out-
put pn junction to limit the final voltage coupled to this signal
line. Therefore care must be taken to minimize the amount
of signal to signal coupling and insure that the driver output
characteristics remain compatible with the characteristics of
the MOS input being driven.

Fortunately for users of MOS memories the solution is sim-
ple and straightforward. By adding a resistor between Vg
(or Vgg) and the output of the TTL driver the effective output

impedance of the driver can be lowered for voliages above
Von. This modification will provide a low impedance path to
Ve (or Vgg) for discharging the coupled voltage. This sim-
ple technique will ensure that the voltage seen by the MOS
input will not exceed the specified Vi, maximum (Vgg + 1
volt). In the case of 21-volt EEPROMSs this technique used
on the OE driver will prevent inadvertent chip erase cycles
from occurring and therefore enhance the overall system
reliability. In addition, steps taken to reduce the amount of
capacitive coupling between input signal lines and proper
shielding of input signals further reduces the possibility of
data loss.




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%)
TTL compatible

MICROWIRE™ compatible 1/0

® 16 X 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 accidentai data
disturb, especially during Voo power up, power down or ex-
cessive noise on the 1/0 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 Vg 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 shouid 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 Vo to the EEPROM is pow-
ered up to ensure that it is in the read-only mode.

2) Immediately preceding a programming instruction
(ERASE, WRITE, ERAL or WRAL), the EWEN instruction
should be executed to enable the device for program-
ming; the EWDS instruction should be executed immedi-
ately following the programming instruction to return

w— ULy

EWEN
EWDS

rt

\ STANDBY

/\o_L XU,

ol
ENABLE=11
DISABLE=00

TL/D/7085-1

FIGURE 1. EWEN, EWDS Instruction Timing

MAIN POWER SUPPLY -I

4.5V-5.5V

.

Veo J

L 5.5V - Vg = 4.5V ol
MAINTAINED ON CAPACITOR

wstRuction [evosl o Jewenl I Procaam L JewosL_,

(ERASE, WRITE,

ERAL OR WRA

L)

EWEN PROGRAM EWDS'

TL/D/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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the device to the read-only mode anid protect the stored
data from accidental disturb during . subsequent power
transients or noise.

3) Special care must be taken in designs in which program-

ming instructions are initiated to store data in the EEP-
ROM after the main power supply has gone down. This is
usually accomplished by maintaining Vcc for the EEP-
ROM and its controller on a capacitor for a sufficient
amount of time (approximately 50 ms, depending on the
clock rate) to complete these operations. This capacitor

must be large enough to maintain Vg between 4.5 and
5.5 volts for the total duration of the store operation, IN-
CLUDING the execution of the EWDS instruction immedi-
ately following the last programming instruction. FAIL-
URE TO EXECUTE THE LAST EWDS INSTRUCTION
BEFORE Vg DROPS BELOW 4.5 VOLTS MAY CAUSE
INADVERTENT DATA DISTURB DURING SUBSE-
QUENT POWER DOWN AND/OR POWER UP TRAN-
SIENTS.




Using E2PROM’s with
ROMIless Single Chip
Microcontroller

When developing programs for single chip microcontrollers,
current thinking suggests that engineers use uvEPROMs as
program memory. This technology offers the advantage of
non-volatility yet allows the designer to change the program
when necessary. This technology has manifested itself in
ROMless versions of the COPS™ 4-bit and 8048 8-bit fami-
lies with parts such as the 8035 and 87P50 piggyback ver-
sion.

The major disadvantage of this technology is that the entire
chip must be erased and reprogrammed regardless of the
size of the change. The chip erase cycle takes 20 minutes,
typically, and as such, lengthens the software development
cycle. Although a number of uvEPROMs’ may be held as
spares for reprogramming this is not the most efficient
method available.

Emerging Electrically Erasable PROM (E2PROM) technolo-
gy solves this problem. The entire chip may be programma-
ble using a PROM programmer such as the one you’d use
for the uvEPROMSs. In addition, thanks in part to the 5V only
operation, on-board address and data latches, self-timed
writing, and single byte programming the E2PROM may be
modified in the system with minimal hardware overhead.
This application note shows how to design the hardware to
interface a ROMless version of the 8048 family with the
NMC9817, National’s 16k (2k x 8), 5V only E2PROM.

When making program changes manually, it may be more
efficient to just make patches than to reprogram large sec-
tions of memory. After the program is running, a final step
would be to reassemble. This manual technique is also suit-
able for changing minor errors in instruction coding.

National Semiconductor
Application Brief 17
Joel Fishman

July 1984

Description

Figure 1 shows the block diagram required to implement a
ROMless 8-bit microcontroller with 4k bytes of E2PROM.
Normal operation of the system occurs when the PROG/
OPER switch is in the OPER position. This enables the out-
put of the address latch from the microcontroller, while put-
ting the TRI-STATE® drivers from the DIP switches to the
high impedance state. The system functions as current de-
signs using EPROMSs.

When a location in memory needs to be changed the switch
is set to the PROG position. This enables the DIP SWITCH
DRIVERS. The address of the byte to be modified and the
data to be written are set on the binary DIP switches. The
WRITE push button is pressed, generating a 10 usec nega-
tive going pulse.

The write pulse (WE) latches the address and the data into
the proper 2k page of memory, as selected by ADDR11 and
the write cycle takes place.

This technique may be used to change one byte, a few
bytes, or to put a patch into the software. If a routine is
incorrect a jump instruction to a blank area of memory can
be used to create a new routine.

2-7
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Block Diagram

+5V +5V
OPER. <
_.l_l__ « 3
5 ADDRESS DATA
E o/F
WITH BEVOUNCE _E.PHBG. DIP SWITCHES DIP SWITCHES
WRITE -
PUSH BUTTON _
NORMALLY OPEN — [—> WE {}'“” 4 L""
TRI-STATE |- ADDR 11
= = :> DRIVERS 1 = TRISTATE = TRI-STATE
P20-3 5 - F—O% GRiver OE  DRIVERS
'cT/P——-—?
8
ALE 6 ®
INSB035/39/40
F—> L] ADDR 11
®
oc (1) (1)
e
373
(8)
DBg-7
W|E
Ao-10 O WE Ao-10 O WE
M 10g-7 NMC9817 100-7 NMCS817
3 CE
ADDR 11—? ADDR n—?

TL/D/8342-1
FIGURE 1

2-8




AN-328
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.

National Semiconductor
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 Vn 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 |, is supplied from the charge stored in C,.
When Q1 opens during torr, 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
Co during ton is replenished. Here the current through L1
has a DC component plus some Al_. Al is selected to be
approximately 40% of I . Figure 2 shows the inductor’s cur-
rent in relation to Q1’s ON and OFF times.

D1 lo
Vi Vo
—— Y
ton — Vo1 nd

TL/D/5152-1

FIGURE 1. Basic Step-Up Switching Regulator

AIL*\

Al l
/\/ / =40% I (oc)

T

L ey \v N
~Vo
Vi
=0V
< toN——>1<—toFF —|

P

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.

VI T VNt
From AIL=%, A||_+2'—':1O—N

Vo—V
and AIL*E( ° LI:I)"OFF

Since AlLt = Al =, ViNton = Votorr — VINtOFF,

and neglecting Vgat and Vpy

t
Vo%V|N(1 + -Q—'\'—> 1,
torr

The above equation shows the relationship between V|, Vo
and duty cycle.

In calculating input current linypc), which equals the induc-
tor’'s DC current, assume first 100% efficiency:

PIN = INnDo)VIN

Pour = lovo = lo Vin( 1+ 124 )
torF

for n» = 100%, Poyt = PiNn

ton
lo VlN(1 + P ) = Ino) VIN
OFF

ton
IInDe) = |o<1 + GF—F)

This equation shows that the input, or inductor, current is
larger than the output current by the factor (1 + ton/torr).
Since this factor is the same as the relation between V, and
Vin, lIN(DC) can also be expressed as:

V,
lINnpe) = I°(V—|T\1) 2.

So far it is assumed n = 100%, where the actual efficiency
or muax 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
lins through either Vgat or Vpy. For Vgat = Vp1 = 1V this
power loss becomes ljnpe) (1V). Mmax is then:

n _ Py _ Volo Volo
MAX = 5 = =
PN Volo + NIV 1
N Volo + IIN(1V) Volo+|o(1 N ON)
torF

t
From Vg, = V|N<1 + -cﬂ),
torF

S VIN
max VN + 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 Cy is:

loton loton
AVg = or Co = ——
° G, ° " AV,
T V,
From Vo = V|N(—); toFr = Ny
torF Vo

1
where T = ton + toFr = T

N~ Vo — VIN)
toN=T——~T=T|-=2—") therefore:
ON Vo T( Vo erefore:
Vo — ViN
IoT
C. = Vo _ lo(Vo — ViN) 4
° AV, fAVoVo

where: G, is in farads, f is the switching frequency,
AV, is the p-p output ripple
Calculation of inductor L1 is as follows:

_ Vinton

, since during ton,
Al + g foN

V|N is applied across L1

Vo
Alpp = 0.4l = 0.4l|y = 0.4lg V_lN , therefore:

VNt T(Vo — V,
L1 = —INON _ong since toy = TV — Vin)
0.41 (ﬁ) Vo
T\
25ViN2(Vo — V
L1 = 25 VinA(Vo — Vin) 5.
TRV

where: L1 is in henrys, f is the switching frequency in Hz

2-10




To apply the above theory, a complete step-up switching
regulator is shown in Figure 3. Since V| is 5V, VRef is tied
to V|N. The input voltage is divided by 2 to bias the error
amplifier’s inverting input. The output voltage is:

R2 R2
Vour=(1+22) e vy =25(1+ ) s
out ( R1) * Vinv 25( R1)

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-
put to the error amplifier, see Figure 4, the input voltage
variations are rejected.

Using equation 1 any desired supply voltage can be gener-
ated at V,, by selecting a suitable value for Ro. 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 | shows various
values of Ry for corresponding values of V.

VIN

TO NON-INVERTING
INPUT OF LM3524

LM336
(Vz = 2.40V)

TL/D/5152-4

FIGURE 4. Voltage Reference

R2

35k-47k
VOLTAGE ADJ
A

Vin -
5V Vo =20V-26V
1N914
Vin
VREF Ca IN2219
> R4
5k
NI Cg
:; B3 g
<K 5
0 F__..'_ ——1 \- INV. LM3524  Er * — _JL
lu._r. — du 01 pF 27 L 104F
3K
1W——- Rt Es
"
0.02 4F N1
!r—l ,-—— Cr GND comp
50k
+
0.001 4F g‘F
—[— u
GND * GND

TL/D/5152-3

FIGURE 3. A 5V-21V Vpp Voltage Generator Circuit for E2PROM Application
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TABLE I.
R2 Vo
47K 26V
45K 25V
43K 24V
41K 23V
39K 22V
37K 21V
35K 20V

OF %

T0 OE PIN OF

CHIP
ERASE

FIGURE 5. OE Chip Erase Control

2N2222

1.2k

NMC9716/2816

24V

for NMC2816/NMC9716

24V &

ERASE/WRITE

(WRITE/RD,

TL/D/5152-5

I
The current sourcing capability of V, can be made as high
as 500mA. If no more than 100mA are desired, T4 and 240
ohms resistor can be replaced by T, alone; the base of Tp
should be connected to the node at base of Ty; T, collector
and emitter should be left intact. 100maA is sufficient to sup-
port up to 20 NMC2816’s or NMC9716’s.

The Vpp voltage generated by the circuit of Figure 3, can be
used to provide the E/W pulses on the NMC2816 or the
stable Vpp on NMC9716. The 9V-15V needed for chip
erase can also be generated. Figures 5, 6, 7 demonstrate
how to achieve that.

TO VPP PIN
OF NMC9716

e
FIGURE 6. VPP Switch Design

with Electronic Shutdown for CE
Pulsed Erase/Write for NMC9716

TL/D/5152-6

g

VPP CONTROL
(WRITE/RD)

IN4747A

sV

1NS14

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

FIGURE 7. Operational Amplifier VPP Switch Design for NMC2816

2N3904

0.05 4F

2N4923

T0
VPP PIN

1NS14 OF NMC2816

>
>
S 4Tk

1
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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, .05uF
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 get a 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
Vcce 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.

D6

0.1 ,4F

INPUT@ !
LM392

COMPARATOR

S B5
S GE DIODE/ SCHOTTKY
9 (0.2V DROP)
.
I 0.05 4F
- OUTPUT

TL/D/5152-8

FIGURE 8. Vpp Pulse Generator Circuit
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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

5V ——
N —
ov

30V ——
c

ov

21V 1
N 4 e
4.8V

FIGURE 9. Idealized Signals at Various Nodes
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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 convertedinto a serial 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.

Veo
12k
Vee Veo
csfe 0o = 005
o0 cKI F
sl
NMC9306/
COP434 CoP4z0 100 pF
ot Je 50 I
GND
I Vss sk|e sk _[

L0-17. GO-G3, D1-D3

TL/D/5286-1

FIGURE 1. NMC9306/COP494 — COP420 Interface
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Vee
Voo Vee CKO CK1
D0-D7 L0-L7 ]
_ K »] sk
RD ~>1 IN1 >
sife o L oy
STANDARD °F PIN2 cop T
W WA | in3 PROCESSOR DO
iNT +| G0 D1 1 sK
i ]
RESET { RESET D2 M [N
L] L] M !
= = 61-G3
sk
‘ oo, e
T0 OTHER
uPs J
»sk
P ]
- [

FIGURE 2. NMC9306 — Standard p.P Interface Via COP Processor

TL/D/5286-2

ADD 'ADO
AD7 Hlm PAO PORT A
PAT 8 BITS
NMC9306
AD13 »{ce  nscaio  PBO H PORT B BANK
Nsceoo™ g5 ol RAM PB7 8 BITS
CPU WA ol Wi 1/0 PCO PORT C
ALE > TIMER  PC5 6 BITS
£ PIALE < TIMER-IN
101/7 —»] 107/ N o
RESET OUT »| rESET » TIMER-0UT
TL/D/5286-3
PAO = SK c to all 9306’
PA1 —  DI/po | “ommontoaisstes
PA2-7 — 6CS for 6- 9306’s

* SK is generated on port pins by bit-set and bit-clear operations in software. A symmetrical duty cycle is not critical.
* CS is 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. NSC800T™ to NMC9306 Interface (also Valid for 8085/8085A and 8156)
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ADD
DECODE

_—1 | |

AQ-A15 DOH Do CE C/D B/A NMC3306
07N patasus 7 |07 A0 +—’ BANK 1
_m 8 BITS M A7 PORT A 1/0 (6)
T0R H 1070
MK3880 R PI/0 CTRL 0 MK38B1

280 < 280/
cPy - T PIO

a L B0 NMC9306

87 BANK 2
< 1E0* PORT B 1/0 (6)
INTERRUPT
CONTROL LINES
(]

TL/D/5286-4

Z80-P10 9306

A0 SK C : 11 9306’s (Bank
A1 DI/DO ommon 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. Z80 — NMC9306 Interface Using Z80-PI0O Chip

DATA \
P20 P17 ] o1
t NMC9306
P23 D0 #1
L 2 I CLOCK
P16 ] SK (g
KEYBOARD
P15 )
l  pgq NSBOS8
P14 > A cs2
R 74138
g L P13 1 B DECODER :
<] 08B0
B P12 < T e
H DB8
P11 g

= DI
I NMC9306
00 #2

»] s«

CS

t—csz

Di
NMC3306

4100 #9

PISK o

r_

Cs9
TL/D/5286-5

* 8K and Dl are generated by software. It should be noted that at 2.72 us/instruction. The minimum SK period achievable will be 10.88 us 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 P — NMC9306 Interface
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P20 - P20 peeep SK
P21 P21 T Dl
P22 PZ? P4 D0
P23 P23 > Cs1
p—————p (52
DBO 158048 T

D87 EXPANDER  p5

P6
PROG
e P
s 0 j¢——
A1 G0 |4
A0 0 p——>p
C1 j—ner—
3‘7’ INSB253  G1 f———— Y TIMER 1/0
01 fp———vp
C2 e
i0R G2 e
oW 02 b
TL/D/5286-6
Expander outputs
D! COMMON
SK ( )
Port 4 CS1
Ccs2

Port 5-6 CS3-CSs10
Port 7 DO (COMMON)

FIGURE 6. 8048 1/0 Expansion

oo 007
NMC3306/ COPA94 t ¢
Veg——] PN 8 oof—»]  Lsies b OuT
o
—p]cs sk le cLock
\ 4
-[—‘PIN!I ol fe LS165 e
= Dip Dl

TL/D/5286-7

FIGURE 7. Converting Parallel Data into Serial iInput for NMC9306/COP494
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FIGURE 8. NMC9306/COP494 Timing

TL/D/5286-8

Min Max
tcycLe O 250 kHz

DUTY CYCLE 25% 75%
tpis 400 ns
tp1H 400 ns
tcss 200 ns
tcsH O ns

tpDo 2ps

tpD1 2 ps
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THE NMC9306/COP494

Extremely simple to interface with any uP or hardware logic.
The device has six pins for the following functions:

Pin 1 Cs* HI enabled

Pin2 SK Clock input for data bit
maneuvering

Pin3 [s]] Forinstruction 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

*  Following an E/W instruction feed, CS is also toggled
low for 10 ms (typical) for an E/W operation. This inter-
nally turns the VPP generator on (HI-LO on CS) and off
(LO-HI on CS).

** DI and DO can be on a common line since DO is TRI-
STATED when unselected DO is only on in the read
mode.

USING THE NMC9306/COP494

The following points are worth noting:

1. SK clock frequency should be in the 0-250 kHz range.
With most uPs 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 pP speeds. Symmetrical duty cycle is irrele-
vant if SK HI time is > 2 us.

2. CS low period following an E/W instruction must not
exceed the 30 ms max. It should best be set at typical or
minimum spec of 10 ms. This is easily done by timer or a
software connect. The reason is that it minimizes the
‘on time’ for the high Vpp internal voltage, and so maxi-
mizes endurance. SK-clock during this period may be
turned off if desired.

3. All E/W instructions must be preceded by EWEN and
should be followed by an EWDS. This is to secure the
stored data and avoid inadvertent erase or write.

4. A continuously ‘on’ SK clock does not hurt the stored
data. Proper sequencing of instructions and data on DI
is essential to proper operation.

5. Stored data is fully non-volatile for up to ten years inde-
pendent of Ve, which may be on or off. For all practical
purposes any number of read cycles have no adverse
effects on data retention.

6. Up to 10,000 E/W cycles/register are possible. Under
typical conditions, this number may actually approach 1
million. For applications requiring a large number of cy-
cles, redundant use of internal registers beyond 10,000
cycles is recommended.

7. Data shows a fairly constant E/W Programming behav-
ior over temperature. In this sense E2PROMSs supersede
EPROMSs which are restricted to room temperature pro-
gramming.

8. 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.

9. 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.

10. 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.

11. When a common line is used for DI and DO, a probable
overlap occurs between the last bit on DI and start bit
on DO.

12. After a read cycle, the CS must be brought low for 1 SK
clock cycle before another instruction cycle can start.

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 O 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.)




The following is a list of various systems that could use a
NMC9306/COP494

A.

ErXx&e

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
Hotel lock

Industrial control
Instrumentation
Joulemeter

Keyboard -softkey

Laser machine tool
Machine control
Machine process control
Medical imaging

Memory bank selection
Message center control
Mobile telephone

o

Modem

Motion picture projector
Navigation receiver
Network system

Number comparison
Oilfield equipment

PABX

Patient monitoring

Plasma display driver
Postal scale

Process control
Programmable communications
Protocol converter
Quiescent current meter
Radio tuner

Radar dectector

Refinery controller
Repeater

Repertory dialer

Secure communications system
Self diagnostic test equipment
Sona-Bouy

Spectral scanner
Spectrum analyzer
Telecommunications switching system
Teleconferencing system
Telephone dialing system
T.V. tuner

Terminal

Test equipment

Test system

TouchTone dialers

Traffic signal controller
Ultrasound diagnostics
Utility telemetering

Video games

Video tape system
Voice/data phone switch
Winchester disk controller
X-ray machine

Xenon lamp system
YAG—Ilaser controller
Zone/perimeter alarm
system
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Designing with
the NMC9817,
a 2nd Generation E2PROM

The NMC9817 offers the non-volatile memory designer the
following features:

¢ 16K bits of non-volatile storage organized as 2K X 8
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

e direct microprocessor interfacing capability

* 10,000 write cycles per byte open-drain ready/busy

® 10-year data retention

The purpose of this application note is to detail the new
features and the simple interface considerations inherent to
using the NMC9817.

The JEDEC-28 pin universal memory pin-out has been se-
lected for the NMC9817. Figure 1 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 EPROMs. 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,

SRAM | NOVRAM | ROM | EPROM | E2PROM

8K 4K 8K 8K 4K

1 l N { {

256K 128K | 256K | 256K 128K

A14 NE NC Vpp RDY/BUSY | Pin1
WE WE A14 | PGM/A14 WE Pin 27
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lack of on-chip buffers and latches have been the important
generic 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 10 ms erase/write time is a much long-
er 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
interface with any microprocessor capable of providing the
required control signals. Even the generic constraint of
10 ms 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.

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.

See Table = 1 28 | VGC
A12 e 2 27 | See Table
AT =g 3 26 p— A13
A6 — 4 25 p— A8
A5 — 5 24 p— A9
A4 — 6 23 p— Al
A3 — 7 22 }— OF
A2 —1 8 21— A10
Al —i 9 20 |— CE
A0 — 10 19 b—1/07
1/0g — 11 18 = 1/0p
1701 — 12 17 p—1/05
1/02 = 13 16 p—1/04
GND — 14 15 = 1/03

TL/D/5477-1
FIGURE 1. Universal 28-Pin Pin-out
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5 ENABLE LOGIC
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«— AUTOMATIC ERASE LOGIC
A0-AT0 " v "
ADDRESS . DECODER : Y GATING
INPUTS
mam|  LATCHES
. X H 16,384-BIT
. DECODER : CELL MATRIX

TL/D/5477-6

FIGURE 2. Functional Block Diagram

WE

l

RDY/BU

@
=

FIGURE 3. Write Waveforms

As soon as the write pulse is detected by the device, the
following sequence of events commences:

* 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.

TL/D/5477-2

WP ————>,

TL/D/5477-3

e |f 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.

e 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 to 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 s

FROM RD s

FROM WR ————emp

TO INTERRUPT - o]

A0-A10

10/0g-17/D7 (—

SYSTEM
REQUIREMENTS

Figure 5 shows a typical large system application with muiti-

plexed ready/busy.

In summary, the NMC9817 has been designed as a mono-

lithic solution to the problems that arose with the first gener-

ation of E2PROMs. 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 first gen-

eration E2PROMs:

1. A 21V external power supply.

2. A rise time restricted 10 ms wide minimum pulse for
erase/write. '

3. Lack of on-chip address and data latches.

4. Absence of an interrupt ready/busy output.

5. Non-integrated erase before write.

6. Non-upgradable package.

NMC9817
E2PROM

| RDY/BUSY

V
CE vee b 5Voe

AC-A10

l0/Dg-17/07 GND —1

NMC9817
REQUIREMENTS

TL/D/5477-4

FIGURE 4. Simple NMC9817 Interface Requirements
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(CONTROLLER)

TL/D/5477-5
FIGURE 5. A Typical NMC9817 System
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THE A+ RELIABILITY ENHANCEMENT PROGRAM

The quality and reliability of National Semiconductor’s prod-
ucts have always stood among the best in the business.
But as the complexity of semiconductor devices increased
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 associat-
ed 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 compet-
itive in their own markets.

This led to the A+ product reliability enhancement program
which incorporates lot stress screening and testing beyond
that which standard product receives.

HERE’S HOW WE DO IT

Quality—the measure of a component’'s conformance to
specification—and reliability—the measure of the compo-
nent’s performance over time—both depend upon the tight
control of materials; on precision design and fabrication
techniques; and on the perfection of a component’s assem-
bly and packaging.

But quality and reliability also depend upon the kind of thor-
ough testing that we do at National Semiconductor.

Using state-of-the-art, automated test equipment and han-
dling 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 for only pennies
a unit.

WEIGH THE ADVANTAGES
Our A+ program allows you:

B To minimize the need for incoming electrical inspec-
tion.

B To eliminate the need for (and cost of) using an inde-
pendent testing laboratory and purchasing excess in-
ventory to cover expected yield loss.

B A reduction in infant mortality rate.

B A reduction in the cost of reworking boards.

® A reduction in warranty and service costs.

ABOUT A+ PRODUCT ENHANCEMENT

If your business is driven by the need to minimize electrical
inspection, to cut down on board rework, and to gain a fur-
ther reduction in infant mortality rate, National’s A+ Prod-
uct Enhancement is the program you should consider.

A+ incorporates the benefits of the multiple-pass and ele-
vated temperature testing found in the B+ Program, along
with an additional test—a combination of increased temper-
ature and applied voltage known as “burn-in”—that in just
hours can stress a device to the equivalent of years of nor-
mal operation.
The A+ Program gives you:
B High-temperature electrical testing at or above the
commercial ambient limit.
® 100% multiple-pass electrical testing.
® A “burn-in” test combining increased temperature
with applied voltage.
| Acceptable Quality Levels many times more stringent
than the industry norm.

EARLY LIFE | USEFUL LIFETIME
(DECREASING | (CONSTANT
FAILURE RATE)| FAILURE RATE)

WEAROUT
(INCREASING
FAILURE RATE)

INFANT MORTALITY FAILURES

FAILURE RATE ())

IMPROVE BY BURN-IN
PRIOR TO TIME=1g

0255-17

IMPROVEMENT ATTRIBUTED TO REDUCTION OF
INFANT MOR}TAL"Y THROUGH BURN-IN.

CUMULATIVE % FAILURES

TIME ——=

0255-18
Component Burn-in Featured In the A+ Program,
Reduced Infant Mortality Failures and Total
Component Failures Over the Life of Your Products.
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THE A+ FLOW

® SEM: Randomly selected wafers are regularly taken
from production and subjected to SEM analysis.

B Assembly and seal: All assembly processes are de-
signed and monitored to produce products of the
highest quality and reliability. Molded semiconductors
are encapsulated with expoxy 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.

m Five temperature cycles (0°C to 100°C) based on Mil-
STD-88 method 1011, condition A, exercising each
device over a 100°C temperature range provides an
additional die and package stress.

m Electrical test: Each device is electrically tested prior
to submission to burn-in.

B Burn-In: Each device is burned-in for the equivalent
of 160 hours at +125°C. The combination of elevat-
ed temperature and applied voltages places the die
and package under severe stress.

m DC parametric and functional tests: These room tem-
perature and high temperature functional parametric
tests are the comprehensive final test through which
all parts pass and are designed to guarantee compli-
ance 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:

NMC9306 256-Bit EEPROM
NMC9307 256-Bit EEPROM
NMC9346 1024-Bit EEPROM
NMC9802 2K EEPROM
NMC9816A 16K EEPROM
NMC9817A 16K EEPROM

At National Semiconductor we turn out more than six million
semicondutor products every day, and we build 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 En-
hancement 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.

CALL USONIT.

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 technol-
ogy, National Semiconductor is making the most of a good
thing.
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Reliability Qualification Procedure for all EEPROM Products

Allowed ;
Test Sample Fail ’ ‘\
J Pkg. Operating Life (A;X;ﬁso 2/Lot
125°C 1Al (5% AOQL)
1000 Hrs. 2 GHKBD (*0.78 LTPD)
Dynamic B-I at 5.5. All inputs exercised. I
(Read, Disable, Read, Disable . . .) i
N Pkg. 1) Sample '
Operating Life 4x158 4/Lot
125°C 1AIO 5% AOQL
1008 Hrs. 1AI1 (1.3 LTPD)
2 CHKBD
2)
4x158
4 Lot
85/85 1AIO0 5% AOQL
1008 Hrs. 1Al (1.3LTPD
2 CHKBD : )
3.)
Autoclave :X;Ifg 4 Lot
168 Hrs. 1all 1 5% ACQL
(No Bias) 2 CHKBD (1.3 LTPD)
4)
Biased Pressure 4x158
Cooker 1AllO 4 Lot
5% AOQL
96 Hrs. 1Al (1.3LTPD
(Static B-1) 2 CHKBD ’ )
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All dimensions are in inches (millimeters)
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SALES OFFICES

ARIZONA
National Semiconductor
Regional Office
2330 W. University Drive, Suite 21
Tempe, AZ 85281
(602) 966-4563
TWX: 910-951-1151

CALIFORNIA
National Semiconductor
Northwest Regional Office
2900 Gordon Ave.
Suite 102A
Santa Clara, CA 95051
(408) 730-3054
TWX: 910-338-0537

* National Semiconductor
Los Angeles Regional Office
21031 Ventura Bivd. #710
Woodland Hills, CA 91364
(818) 888-2602
TWX: 910-495-1134

* National Semiconductor
Western Area Office
17870 Sky Park Circle, #107
Irvine, CA 92714
(714) 250-1440
TWX: 910-595-2593

* National Semiconductor
District Sales Office
9619 Chesapeake, Suite 120
San Diego, CA 92123
(619) 279-0724
TWX: 910-350-2028

COLORADO
National Semiconductor
Rocky Mountain Regional Office
7120 E. Orchard Road, Suite 120
Englewood, CO 80111
(303) 850-7511
TWX: 910-931-2625

CONNECTICUT
National Semiconductor
Northeast Regional Sales Office
387 Main Street
Ridgefield, CT 06877
(203) 431-8182
TWX: 710-479-3512

DELAWARE

* National Semiconductor
Liberty Regional Office
275 Commerce Drive, Suite 207
Ft. Washington, PA 19034
(215) 643-4910
TWX: 510-661-3986

FLORIDA

*

National Semiconductor
Southeastern Area Office
1380 Miami Gardens Dr.
Suite 205

No. Miami Beach, FL 33179
(305) 947-0031

TWX: 810-845-4115

GEORGIA

National Semiconductor

Dixie Regional Office

41 Perimeter Center East, Suite 660
Atlanta, GA 30346

(404) 393-2626

Telex: 700-553

ILLINO|S

National Semiconductor
West-Central Regional Office
2030 Algonquin Road, Suite 414
Schaumburg, IL 60195

(312) 397-8777

TWX: 910-689-3346

INDIANA

National Semiconductor
North-Central Regional Office
6910 North Shadeland, Suite 204
Indianapolis, IN 46220

(317) 842-5006

TWX: 810-260-1437

MARYLAND

National Semiconductor
Capitol Regional Office
7320A Parkway Drive
Hanover, MD 21076

(301) 796-8900

TWX: 710-862-1842

MASSACHUSETTS

National Semiconductor
Northeast Area Office

111 S. Bedford St., Suite 201
Burlington, MA 01803

(617) 273-3170

TWX: 710-332-8924

MICHIGAN

*

National Semiconductor
Regional Sales Office

7001 Orchard Lake Rd., Suite 320C
W. Bloomfield, MI 40833

(313) 855-0166

TWX: 810-242-2902

MINNESOTA
National Semiconductor
Central Area Office
1801 E. 79th Street, Suite 1
Bloomington, MN 55420
(612) 854-8200
TWX: 910-576-3165

MISSOURI
National Semiconductor
District Sales Office
10401 Holmes Rd., Suite 300
Kansas City, MO 64131
(816) 941-3537
Telex: 910-771-0008

NEW JERSEY

North
National Semiconductor
Mid-Atlantic Regional Office
205 Robin Rd., Suite 112
Paramus, NJ 07652
(201) 599-0955
TWX: 710-994-8745

South
National Semiconductor
Liberty Regional Office
275 Commerce Drive, Suite 207
Ft. Washington, PA 19034
(243) 643-4910
TWX: 510-661-3986

NEW YORK

Upstate Area

* National Semiconductor
Empire Regional Office
120 Perinton Hills Office Park
Fairport, NY 14450
(716) 425-1358
TWX: 710-541-0438

National Semiconductor
IBM District Sales Office
511 South Road
Poughkeepsie, NY 12601
(914) 473-8330

TWX: 510-248-0043

Metropolitan Area
National Semiconductor
Mid-Atlantic Regional Office
(516) 222-1543
TWX: 710-990-4962




SALES OFFICES (contied)

NORTH CAROLINA
National Semiconductor
Citizen’s National Bank Bldg.
Suite 102
102 E. Main St.
Durham, NC 27701
(919) 688-1482
TWX: 910-380-3792

OHIO
National Semiconductor
East Central Regional Office
293 Alpha Park
Highland Heights, OH 44143
(216) 461-0191
TWX: 810: 427-2972

National Semiconductor
District Sales Office
1152-D Lyons Road
Dayton, OH 45459

(513) 435-6886

TWX: 810-473-2985

PENNSYLVANIA

East
National Semiconductor
Liberty Regional Office
275 Commerce Drive, Suite 207
Ft. Washington, PA 19034
(215) 643-4910
TWX: 510-661-3986

West
National Semiconductor
East Central Regional Office
293 Alpha Park
Highlands Heights, OH 44143
(216) 461-0191
TWX: 810-427-2972

TENNESSEE
Action Component Sales
1304 Hickoryoak Lane
Knoxville, TN 37919
(615) 694-0140

TEXAS
National Semiconductor
Central Regional Office
1201 Richardson Dr., Suite 214
Richardson, TX 75080
(214) 690-4552
TWX: 910-867-4741

* National Semiconductor
2201 Donley Drive
Suite 305
Austin, TX 78758
(512) 339-7555

WASHINGTON
National Semiconductor
Cascade Regional Office
1800 112th Ave. NE, Suite 260E
Bellevue, WA 98004
(206) 453-9944
TWX: 910-443-2318

CANADA

Brmsh Columbia
National Semiconductor
Cascade Regional Office
1800 112th Avenue NE, Suite 260E
Bellevue, WA 98004
(206) 454-4600
TWX: 910-443-2318

Eastern Provinces
National Semiconductor
Canadian Regional Office
5915 Airport Road, Suite 615
Missisauga, Ontario L4V 1T1
(416) 678-2920
TLX: 06983657

PUERTO RICO
National Semiconductor
Paradise Commercial Center
2 Matadero Road, Suite 10
Puerto Nuevo, PR 00920
(809) 792-9110

*  Applications Engineer Available




National Semiconductor Corporation
P.O. Box 58090

2900 Semiconductor Drive

Santa Clara, CA 95052-8090

Tel: (408) 721-5000

TWX: (910) 339-9240

Electronica NSC de Mexico SA
Juventino Rosas No. 118-2
Col Guadalupe Inn

Mexico, 01020 D.F. Mexico
Tel: (905) 524-9402

National Semicondutores

Do Brasil Ltda.

Av. Brig. Faria Lima, 830

8 Andar

01452 Sao Paulo, SP. Brasil
Tel: (55/11) 212-5066

Telex: 391-1131931 NSBR BR

©1985 National Semiconductor Corp.  W1401

National Semiconductor GmbH
Furstenriederstrasse Nr. 5
D-8000 Munchen 21

West Germany

Tel: (089) 5 60 12-0

Telex: 522772

National Semiconductor (UK) Ltd.
301 Harpur Centre

Horne Lane

Bedford MK40 1TR

United Kingdom

Tel: 0234-47147 .
Telex: 826 209

National Semiconductor Benelux
Ave Charles Quint 545

B-1080 Bruxelles

Belgium

Tel: (02) 4661807

Telex: 61007

National Semiconductor (UK) Ltd.
1, Bianco Lunos Alle

DK-1868 Copenhagen V
Denmark

Tel: (01) 213211

Telex: 15179

National Semiconductor
Expansion 10000

28, Rue de la Redoute

F-92 260 Fontenay-aux-Roses
France

Tel: (01) 660-8140

Telex: 250956

National Semiconductor S.p.A.
Via Solferino 19

20121 Milano

Italy

Tel: (02) 345-2046/7/8/9
Telex: 332835

National Semiconductor AB
Box 2016

Stensatravagen 4/11 TR
S$-12702 Skarholmen
Sweden

Tel: (08) 970190

Telex: 10731

National Semiconductor
Calle Nunez Morgado 9

(Esc. Dcha. 1-A)

E-Madrid 16

Spain

Tel: (01) 733-2954/733-2958
Telex: 46133

National Semiconductor Switzerland
Alte Winterthurerstrasse 53
Postfach 567

CH-8304 Wallisellen-Zurich

Tel: (01) 830-2727

Telex: 59000

RRD-RRDS5M75/Printed in U.S.A.

National Semiconductor
Pasilanraitio 6C
SF-00240 Helsinki 24
Finland

Tel: (90) 14 03 44

* Telex: 124854

NS Japan Ltd.

4-403 |kebukuro, Toshima-ku
Tokyo 171, Japan

Tel: (03) 988-2131

Fax: 011-81-3-988-1700

National Semiconductor
Hong Kong Ltd.

Southeast Asia Marketing
Austin Tower, 4th Floor
22-26 Austin Avenue
Tsirnshatsui, Kowloon, H.K.
Tel: 3-7231290, 3-7243645
Cable: NSSEAMKTG
Telex: 52996 NSSEA HX

National Semiconductor (Australia)
PTY, Ltd.

21/3 High Street

Bayswater, Victoria 3153

Tel: (03) 729-6333

Telex: AA32096

National Semiconductor (PTE), Ltd.
10th Floor

Pub Building, Devonshire Wing
Somerset Road

Singapore 0923

Tel: 652700047

Telex: NAT SEMI RS 21402

National Semiconductor (Far East)
Ltd.

Taiwan Branch

P.O. Box 68-332 Taipei

7th Floor, Nan Shan Life Bldg.,
302Min Chuan East Road,

Taipei, Taiwan R.O.C.

Tel: (02) 501-7227

Telex: 22837 NSTW

Cable: NSTW TAIPEI

National Semiconductor (HK) Ltd.
Korea Liaison Office

6th Floor, Kunwon Bldg.

2-1 GA Mookjung-Dong
Choong-Ku, Seoul, Korea

C.P.O. Box 7941 Seoul, Korea
Tel: 267-9473

Telex: K24942



