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NMC93CS56/CS66 2048-Bit/4096-Bit Serial
Electrically Erasable Programmable Memories

General Description

The NMC93CS56/NMCO3CS66 are 2048/4006 hits of

road/write memory divided Into 128/256 registers of 16 bits
oach. N registers (N < 128 or N < 256) ¢an be protected
against data moditication by programming into a special on-
chip register, called the memory “protect register”, the ad-
dress of the first register to ba protected. This address can
be “locked" Into the device, so that these registers can be
permanently protected. Thereafter, all attempts to alter data
in a register whose address Is equal to or greater than the
address stored in the “protect register’ will be aborted,

The “read” instruction loads the address of the first register

to be read into an 8-hit address pointer. Then the data is -

clocked out serially on the “DO” pin and automatically cy-
cles to the next register to produce a serial. data stream. In
this way the entire memory can be read In one continuous
data sfream or as registers of varying lergth from 16 to
2048/4096 bits. Thus, the NMC93CS56/NMC93CS66 can
be viewed as a non-volatile shitt register.

The “write” cycle is completely self-timed. No separate
eraso cycle Is required before write, The "write” cycle Is
only enabled when pin 6 (program enable) is held “high". If
the address of the register to be written Is less than the ad-

dress in the “protect register” then the data is written 16

bits at a time into one-of the. 128/256 data registers. If “CS’

is brought “high" following the initiation of a “write” cycle,

the “DO" pin indicates. the ready/busy status of the chip..

National " Semiconductor's EEPROMs are designed and

tested for applications requiring extended endurance. Refer

to device operation for further endurance information. Data

retention is specified to be greater than 40 years.

Features -

B Wiite protection In user defined saction of memory

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

B Reliable CMOS floating gate technolagy

m 5 volt only operation in all- modes

® MICROWIRE compatible serial 170

m Self-timed programming cycle . )

W Device status signal during programming mode

B Sequential register read

B Over 40 years data retention

| Designed for 100,000 write cycles
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Connection Diagrams R
PIN OUT: Pin Names , PIN OUT:
Dual-ln-Line Package (N) cs Chip Select ' - S0 Package (M)
- ) SK  Serial Data Clock
cs={t ~ a=Veo Dl Serial Data Input
P - - DO Seriat Data Output
Di~—3 Py - GPP:ED ground Eraty -
| sl rogram Enable
L Iy N PRE  Protect Register Enable

TL/D/e209-1 Voc  Power Supply

Top View
See NS Package Number NOSE

TL/D/9208-2
Top View

See NS Package Number M14A
Ordering Information

Commerclal Temp. Range (0‘;(: to +70°C)
Order Number )

NMG93CS56N/NMCI3CSE6N
NMC93CS56M/NMCI3CS66M

Extended Temp. Range (—40°C {o +85°C)

Order Number

NMCS3CS56EN/NMCO3CSEEEN
NMC93CSS6EM/NMGI3CSE6EM

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

Order Number

NMCO3CS56MN/NMCI3CSEEMN
NMCI3CS56MM/NMCOICSEEMM
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- Absolute Maximum Ratings (vote 1)

It Military/Aerospace specitied devices are required,

please contact the Natlonal Semiconductor Sales
Oftlce/Distributors for avallabllity and specifications.

Amblent Storage Temperature —65°C to 4+ 150°C

All Input or Output Voltages
with Respect to Ground

+6.5Vio —0.3V. "

Lead Temp. (Soldenng, 10 sec)

ESD rating

+800°C
2000V

Operating Conditions -
Ambient Storage Temperature

- NMC93CS56/MNC93CS66

- NMC93CS56E/NMC93CS66E~

(Mil- Temp.)

" Positive Power Supply

- NMC93CS56M/NMC93CS66M

S 0°Cto #70°C
 —40°Clo +85°C

~55'Cto +125°C
4.5V to 5.5V

Symbo! Parameter ~ Part Number Conditions Min | ‘Units
loct Operating Current NMC93CS56/NMC93CS66 CS = Vi1, SK = 1 MHz . 2
CMOS Input Levels | NMC93CS56E/NMC93CS6E6E SK = 0:5 MHz - 2 mA
) NMC93CS56M/NMCI3CSE6M* | SK = 0.5 MHz "2 - N
lcca | OperatingCurrent | NMC93CS56/NMCA3CS66 CS = Vi, SK = 1 MHz 3
TTL Input Levels NMCO3CS56E/NMCI3CSE6E | SK = 0.5MHz 37 mA
| NMC03CS56M/NMC93CS66M . | SK = 0.5 MHz 4
loca Standby Current NMG93CS56/NMCO3CS66 cs=ov 50
NMC93CS56E/NMCI3CSE6E o 100 BA
NMC93CS56M/NMCO3CS66M ol 100
" Input Leakage NMC93CS56/NMC93CS66 VIN = 0V to Vg —25 25 A
NMC93CS56E/NMCI3CSE6E “| . - Lo =10.. . 10 "™
, NMC93CS56M/NMCI3CSE6M : -10 10 *
loL Qutput Leakage NMC93CS56/NMC93CS66 Vout = 0Vto Vo —-25 25 A
- NMC93GS56E/NMC3CSE6E. . -10 10 "
NMC93CS56M/NMCO3CSE6M —10 10 *
Vi Input Low Voltage o —0.1 © 08 v
Vi Input High Voltage ; 2 Voo + e
VoLt OutputLow Voltage | NMC93CS56/NMC93CS66 loL= 2.1 mA 0.4 ’
: NMC93CS56E/NMCI3CSE6E | lop = 2.1 mA 0.4 v
NMCO3CS56M/NMCI3CE66M | lop = 1.8mA 0.4 ,
VoHt Qutput High Voltage o = —400 pA 24 N v
VoLz Output Low Voltage o, =10pA ) ) 0.2 v
Voue OutputHigh Voltage | = loH = —10 pA Voo~ 0.2 - V.
fsk SK Clock Frequency | NMGC93GS56/NMC93CS66 0 T
“ NMC93CS56E/NMC93CS66E - -0 05 - MHz
) NMC93CS56M/NMC93CS66M 0 0.5
. tSKH SK High Time NMC93CS56/NMC93CS66 (Note 2) 250
B . NMC93CS56E/NMCS3CS66E {Note 3) 500 ns
NMC93CGS56M/NMCI3CSeeM | (Note 3) 500
tskL SK Low Time NMC93CS56/NMC93CS66 (Note 2) 250
NMC93CS56E/NMCI3CS66E (Note 3) 500 ns
) NMC93CS56M/NMC93CS66M (Note 3) 500 -
tes Minlmura CS NMC93CS56/NMC93CS66 (Note 4) 250
Low, Time NMC93CS56E/NMG93CSE6E . | (Note 5) . 500 ns
] NMC93CS56M/NMCO3CS66M | (Note 5) © 500
toss GS Setup Time NMC93CS856/NMCS3CS66 Relativeto SK - 50
NMC93CS56E/NMC93CSB6E 100 ns
) ) NMC93GS56M/NMC93CSE6M 100
teaes - [ PRE Setup Time NMG93CS56/NMCO3CS66 Relative to SK 50
NMC93CS56E/NMC93CS66E 100 ns
NMCQSCSSGM/ NMC93CS66M 100

*Thruout this table “M" refers to temparature range (-55°C to +125°C) not package.
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DC and AC Electrical Characteristics _ e I_—,‘}@_,'l“?g_ 27 A
Voo = 5V £10% (unless otherwise specified) (Continued) - . o B . -
Symbol Parameter - ' Part Number condltiohs ﬁln" ) Max ; Units
tees PE Setup Time | NMC83CS56/NMC93CS66 - "Relative to SK 50- - ) ES RS
NMC93CS56E/NMC9I3CS66E. s - 100 R *N8E
) NMC93CS56M/NMC93CS66M ) 100 - ks e
tois DI Setup Time NMC23CS56/NMCO3CS66 Relative to SK 100 : R .
, NMGC23CS56E/NMC3CS66E o 200 fF .} ond”
, NMC93CS56M/NMCe3CSe6M : - 200 L D
tosH CSHoldTime | . Relative to SK _ | 0. T s
1PEH PE Hold Time NMC93CS56/NMCO3CS66 . | RelativetoGS | -~ 250 ’ T
) NMC93GS56E/NMC93CS66E Relative to CS 500 s ns. :
| NMC93GS56M/NMCO3CS66M | Relative to CS 500 o
tPREH PRE Hold Time - R ~| Relative to SK 0 |- - ns
toiH - D! Hold Time NMC93CS56/NMC93CS66-- - | Relative to SK 100 . E ’
NMC93CS56E/NMCO3CS66E S R . 200 : ns’
: NMC93CS56M/NMCI3CSE6M - 200 b
tpD1 Output Delay to "'1* NMC93CS56/NMCI3CS66 AGTest. - 500
NMC93CS56E/NMG93CS66E Ao 1000 ns
, _ NMC93Cs56M/NMCoacseeM | . - ot U 1000 o
teDo Output Delay to “0" NMC93CS56/NMC93CS66 1 “AC Test 500
NMC93CS56E/NMC93CSE6E , o o 100 | ns
2l , NMC93CSE6M/NMCI3CSE6M . 1000
tav CS to Status Valid NMC93CS56/NMC93CS66 - AC Test - 500
NMC93CS56E/NMC93CSE6E T 1000 ns
. - NMC93CS56M/NMCI3CS66M - L 1000
tor CSto Dqln NMC93CS56/NMC93CS66 . AGC Test . © | .100: .t
TRI-STATE® NMC93CS66E/NMCI3CS66E CS = Vi g - 200° ns, .
) NMC93CS56M/NMCI3CS66M T T : ) 200 )
_twp Write Cycle Time ) ’ T 10 ms

Note 1: Stress above thoge listed under “Abisolute Maximum Ratings” mdy cause permanent damage 1o the device. This is a stress réﬁng anly and functional
operation of tha device at these or any other conditions above those indicated In the operational sactions of the spécification Is not Implied. Exposure to absolute
maxdmur rating conditions for extended periods may atfect device reliability.

Mote 2: The SK frequency specification for Commercial parts specifiés a minimum SK ¢lock peried of 1 microsecond, thesefore In.an SK elack cycle tekH + tsku
must be greater than or equal to 1 microsecond: For example if tgkr = 250 ns then the minimum tsiy = 750 ns In order to mest the SK freéquency spacification.

Note 3: The SK frequericy specification for Extended Temperature and Military parts specifies a mintmum SK clock pariod of 2 microseconds, therefore in an SK
clock cycle tgk + tgxL must be greater than or equal to 2 microseconds. For example, if tgki, = 500 ns then the minimum tsky = 1.5 microseconds in order to
meet the SK frequency specification.

Note 4: For Commercial parts CS must he brought low for a minfmum of 250 ns { ] ive | tion cyclas. - Z
Note 5: For Extended Tempera(u;e and Military parts GS must be brought low for a mlmmum of 500 ns {tcs) beb cor tive instruction cycles.
Hote 6: This p ter is periodically sampled and not 100% tosted. o o o A
Capacitance (Notes) o Ac Test COndit_ions
Tp = 25°C,{ = 1MHz _ , Output Load . ) 1 TTL Gate and G = 100 pF
Symbol Test Typ | Max-| Units | Input Pulse Levels " 04Vio 24V
—' - ] . Timing Measurement Reference Level .
Cour Output Capacitance | 5 pF Input e 1Vandav
CiN Input Capacitance 5 pF " Output : . - 08Vandav
- ) : 1
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Functional Description

The NMC93CS56 and NMC93CS66 have 10 Instructions as
described below. Note that the MSB of any instruction is a
“1" and Is viewed as a start bit in the interdface sequence.

The next 10-bits carry the op code and the 8-bit address for
register selection,

Read (READ):

The Read.(READ) instrugtion ouiputs serial data on the DO
pin. After a READ instruction is received, the instruction and
address are decoded, followed by data transfer from the
selected memory register into a 16-bit serial-out shift regis-

- ter. A dummy bit (logical 0) precedes the 16-bit data output
string. Output data changes are Initiated by a fow to. high
transition of the SK clock. In the NONVOLATILE SHIFT-
REGISTER mode of operation, the memory automatically
cycles to the next register after each 16 data bits are
clocked out. The durnmy-bit is suppressed in this mode and
a continuous string of data Is obtalned. .

Write Enable (WEN):

When Vg s applied to the part, it powers up in the Write
Disable (WDS) state. Therefore, all programming. modes
must be preceded by a Write Enable (WEN) Instruction. -
Once a Write Enable Instruction Is executed programming
remalns enabled uritil a Write-Disable (WDS) instruction is
executed or V¢ Is removed from the part.

Write (WRITE): s

The Write (WRITE) instruction Is followed by 16 bits of data
fo be written into the specified address. After the last bit of
data Is put on the data-In (DI) pin, CS must be brought low
before the next rising edge of the SK clock. This falling edge
of CS Initiates the self-timed programming cycle, The PE pin
MUST be held “high” while loading the WRITE Instruction,
however, after loading the WRITE instruction the PE pin be-
comes a “don't care", The DO pin indicates the READY/
BUSY status of the chip if CS is brought high after a mini-

P

T-46- 13 27

mum of 250.ns (teg). DO = logical 0 indicates that program-
ming is still in progress. DO = logical 1 indicates that the
register at the address specified in the instruction has been
written with the data pattern specified in the Instruction and
the part is ready for another Instruction, - T

Write All (WRALL): . -~

The Write All (WRALL) instruction. is valid only when the
“protect register” has. been cleared by executing a
PRCLEAR instruction. The WRALL instruction will simulta-
neously program all registers. with the data pattern specmed
in the instruction, Like the WRITE instruction, the PE pin
MUST be held “high” while-loading the WRALL instruction,
howaever, after loading the WRITE instruction the PE pin be-
comes a “don’t care”. As in the WRITE mode, the DO pin
indicates the READY/BUSY status of the chip if CS is
brought high after-a minimum of 250 ns {igg). . -

Write Disable (WDS)

To protect against accndental data dusturb the Write Dlsable
(WDS) Instruction disables -all programming modes.and
should follow all programming operations. Execution of a
BEAD instruction.is independent of both the WEN and WDS
instructions. -

- Protect Register Read (PRREAD):

The Protect Register Read (PRREAD) instruction outputs
the address stored in the “protect register” on the DO pin.
The PRE pin MUST be.held “high” while loading the instruc-
tion. Followmg the PRREAD instruction the 8-bit address
stored in the memory Protect Register is transferred to the

“serial out shift register. As in the READ mode, a dumry bit

(logical 0) precedes the 8-bit address string,

Protect Register Enable (PREN):

The Protect Register Enable (PREN) instruction is used to
enablo the PRCLEAR, PRWRITE, and PRDS modes. Before

Instructlon Set for the NMCQSCSSG and NMC930866

99S0£6IWNN/9SSIE6INN

Instruotion | SB | OpCode | Address | Data | PRE | PE , Comments

READ 1 10 A7-A0 0 X | Reads data stored in meh\ory, starting at specified address.

WEN 1 00 | 11XXXXXX 0 1 | Write enable must precede all programming modes;

WRITE 1 01 A7-A0 | D15-DO| © 1 | Writes register if address is unprotected.

WRALL 1 00 O1XXXXXX | D16-DO | © 1 | Writes all registers. Valid only whien Protect Register is

) 7 cleared. 7

WS 1 00 - | 0OXXXXXX X | Disables all programming instructions.

PRREAD 1 10 XXXXXXXX _ | X | Reads address stored In Protect Register. - ~

PREN 1 00 11XXXXXX 1 1 | Mustimmediately precede PRCLEAR, PRWRITE, and

) PRDS instructions.
PRCLEAR 1 11 11111111 1 1§ Clears the “protect register" so that no registers are
) protected from WRITE.

PRWRITE 1 01 A7-AQ 1 1 | Programs address into | Protect Reglster Thereatfter,
memory addresses > the address in Protect Register are
protected fromWRITE.

PRDS 1 00 00000000 1 1’| One time only instruction after which the address in lhe

' Protect Register cannot be altered.

2.65
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Functional Description (continued)

the PREN mode can be entered, the part must be in the
Wirite Enable (WEN) mode. Both the PRE and PE. pins
MUST be held “high" while loading the instruction.

Note that a PREN Instruction must immediately precede a
PRCLEAR, PRWRITE, or PRDS instruction.

Protect Register Clear (PRCLEAR):

The Protect Register Clear (PRCLEAR) Instruction clears
the address stored In the Protect Register and, therefore,
enables all registers for the WRITE and WRALL. instruction.
The PRE and PE pins must be held “high' while loading the
Instruction, however, after loading the PRCLEAR instruction
the PRE and PE pins become "don't care”. Note that a
PREN Insfruction must. immediately precede a PRCLEAR
Instruction.

Protect Register Write (PRWRITE):

The Protact Register Write (PRWRITE) instruction is used to
write Into the Protect Reglster the address of the first regis-
ter to be protected. After the PRWRITE instruction is exe-
cuted, all memory registers whose addresses are greater

Timing Diagrams

T-46 13- 27

than or equal to the address specified in the Protect Regls-
ter are protected from the WRITE operation. Note that be-
fore executing a PRWRITE instruction the Protect Register
must first be cleared by executing a PRCLEAR operation
and that the PRE and PE pins must be held “high” while
loading the instruction, however, after foading the PRWRITE
instruction the PRE and PE pins become ‘don't care’. Note
that a PREN Instruction must /mmédlately precede a
PRWRITE instruction.

Protect Register Disable (PRDS):

The Protect Register Disable (PRDS) instruction Is a one
time only instruction which renders the Protect Register un-
alterable in the future. Therefore, the specified registers be-
come PERMANENTLY protected against data changes. As
in the PRWRITE instruction the PRE and PE pins must be
held *high" while loading the Instruction, and after loading
the PRDS instruction the PRE and PE pins become “don’t
care".

Note that a PREN instruction must Immediately precede a

PRDS instruction.

Synchronous Data Timing

Vi
PRE * 7
tores [+ tpRen :
VH : -
PEw vjc S
Ve toes —>tpen .
cs V||_._7£ < 1 as® ).i——' o
tess sk sk et tosy
VH N j - o ) _ - -
Ky, [ |
tois - - tom .
A\l -
S —TX

: . too
/7 — e
00 (READ) 1

tsy
i Vou
Do (PROGRAM)VM .:L

STATUS VALID

*This Is the minimum SK period {See Note 2).

R s e e s Ay e s




NATL SEMICOND (MEMORY) 31E D WM L50112L 00L3507 7 WM

Timing Diagrams (continued) O 1l46-13-27

READ:®
PRE=0,PE=X

X I o . 2
- W] X< (o ¢
os - . . - . t A

JMHMUUUIMUIMLFM

— vOC}—

*Address bit A7 becomes a “don't care” for NMC93CS58,
*The memory automatically cycles to the next register,

WEN:
PRE = 0,D0 = TRI-STATE

s _
-/ T\
_ﬂﬂnmmnmm
e TOCHA

TL/D/0208-5

TL/0/9202-6

99SOE6INN/9SSIEEINN
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NMC93CS56/NMC93CS66

Timmg Diagrams (continued) ' ' T

» ~ T-46-13-27
WDs: 7 oL
PRE = 0,PE = X, DO = TRI-STATE

I3
1{y

i A AIARRRNAA

_nruuwwmmm

0o . 2 2 | oBusY READY

4————-‘wp

TL/D/9209-8

*Address bit A7 bacomss a "don't care' for NMC93GS56.

TL/D/9208-7
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Timing Diagrams (Continued) 7 7 A ‘T.._46 -];3-27

WRALL:*
PRE =0

\

-/ i
_I'LI'LI_UU'IJ_I_HILHJUULI_LFLI'

N\ fXID@\

*Protoct Register MUST bo cleared.

PRREAD:;*
PE=X

- ‘:; :; BusY READY
o L_‘w

*Address bit A7 becomes a “don't care" for NMCS3CS56.

TN/ O\

TL/D/9209-9

TL/D/9208-10
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NMC93CS56/NMC93CS66

Timing Diagrams (Continued) "1';46:1“3-2{ B

PREN:*
DO = TRI-STATE

e ———
AL

TL/D/8208-11

*A WEN cycle must precede a PREN cycle.

o RE— VAN
e NLANARRANS
S\
MUUUUUIFLHMI—LFL

i

00— . —2 : - 8usy J/ peaoy

e typ

. : TL/D/9209-~12
*A PREN cycte must Immediately precede a PRCLEAR cycle,
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Timing Djagrams (continusd) - o T>-46-1>3-2'7 o
PRWRITE:T - - e e

I

" IR NRRRRRRRRRARNAN
o IR A NANARARARARARN

0o . i BUSY READY

——tp
’ TL/D/9209-13
*Address bit Ay bacomes a “don't care™ for NMC93CS56.
tProtect Register MUST be cleared betore a PRWRITE cycle, A PREN cycle mus t Immediately preced a- PRWRITE ¢ycle.

PRDS:*

h)

" AR AARARANANN
T I
-/ N\
-_HIU'LHILFUIHIUULFUU"LH_

00 - — . ~ BUsY _J/ meapy

‘_tWP

. TL/D/9200-14
*ONE TIME ONLY instruction, A PREN cycle must immediately pteceds a PRDS cycle.
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