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NMC93CS06x3/CS46x3/CS56x3/CS66X3

National | T -r3-27
Semiconductor '

NMCO3CS06x3/CS46x3/CS56x3/CS66x3
Extended Voltage 256-/1024-/2048-/4096-Bit
Serial EEPROM with Protect Reglster ’

General Description

The NMC93CS family of extended operating voltage serial  input PRE must be high. The Protect register Instructions
EEPROM are 256/1024/2048/4096 bits of read/write.  are PRREAD, PRWRITE, PREN, PRCLEAR, and PRDS.
memory divided- into 16/64/128/256 registers of 16 bits  These memories feature a unique EEPROM memory call
each. N registers (N<16, N<64, N<128, N<256) can be  which does not require erasing: prior to writing, therefore
protected-against data modification by programming a.spe-  reduces the total number of programming cycles, thus in-
cial on-chlip register called the Protect Register with the ad- creasing the endurance of the device in actual application.
dress of the first register to be protected against data modi-  Thege EEPROM memories are designed for applications re-
ﬂca!ion. Addjtionally, this address can be “Iocked".into the  quiring 40 years data retention and-100,000 data changes
davice; making all future atterapls 1o change data impossi-  per bit, They are ideal for battery oparated applications due
ble. . ~ to the wide operating voltage range. They are fully function-
These memories feature a serial Interface with the Instruc-  at in all modes' of operation across a guaranteed ranga of
tion, address, and write data input on the Data-In pin. Al 8.0V-5. 5V

data-out, and device status are available on the Data-Out

pin. A low to high transition of Serial Data Clock (SK) shifts = Features -

all data in or out of the.memory. This serial interface is w3, to 5.5V guaranteed operating range
MlCROWIBETM compatible providing simple interfacing to m Typical active current 400 FA typical standby current
standard microcontrollers and microprocessors. There are a 25 pA

total of 10 instructions, 5 which operate on the EEPROM = Writ tectl defined secti §
mermory, and 5 which operate on the Protect Register. The rite protection in a user defined section of memory
memory ‘instructions are READ, WRITE, WRITE ALL,» . ™ Reliable GMOS floating gate technology

WRITE ENABLE, and WRITE DISABLE. To perform any of ™ MICROWIRE compatible serial 1/O

the memory instructions, the-input PRE must be low. The.  ® Self timed wiite cycle

instructions to the Protect Register are similar, except the  ® Device. status during write mode

*The WRITE ALL instruction s only functional from 4.8V to 5.6V Veo,Its ™ 40 Year data retention

primary purpose Is as a test mode. m-100,000 data chianges per bit
) p
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Connection Diagrams - - . T-46-13-27
PIN QUT: Pin Names : : PIN OUT: . <
. Dual-In-Line Package (N) CS ChipSelect - “-. 80 Package (M)
- - SK . Serial Data Clock *
S~ 8f=Vee Dl Serial Datainput . NC NC
SK=j2 Tf=PRE DO  Serial Data Output cs Vee
Di~3 | GND Ground : SK PRE
Do—~{4 sl=cnD PE Program Enable NC— NG-
PRE Protact Register Enable - o L pe
- TLDI0044-2 . Veg PowerSupply : - 20 L b
Top View :
NC [=NC
See NS Package Number NOSE

Ordering Information

a Top View
+7 " See NS Package Number M14A -

~

Commerclal Temp. Range {0°C to + 70°C)

Order Number

NMC83CS06N3/
NMC93CS46N3/NMCI3CS56N3/NMCO3CSEENS. . | -
NMC93CS08M3/ . . . <

NMC93CS46M3/NMCO3CS56M3/NMCI3CSE6M3

) Extended Temp. Range (=40°Cto +85°C) ' oL

~ Order Nuihber

NMC93CS06ENS/ , 7
NMC93CS46ENS/NMCI3CSS6ENS/NMCIICSEEENS
NMC93CS06EM3/

NMC93CS46EM3/NMCIBCS56EM3/NMCO3CSE6EM3

TL/D/10044-3"

2.73

£X9950/£X95SD/EX9pSO/£X90SIE6ONN ]




NATL SEMICOND (MEMORY) - 31E D

B L50L126 006354 4 mE

o i - -
X . .
8| Absolute Maximum Ratings Operating Conditions .+~ 7
! If Military/Aerospace specified devices are required, Ambient Operating Temperature
O
o~ please contact the National' Semiconductor Sales NMC93CSxx . . . 0°Cto +70°C
g . Office/Distributors for availabliity and specitications. | NMGC93CSxxE '—'40‘Q to +85°C
1o |  Amblent Storage Temperature —65°Cto +150°C Positive Power Supply T 30Vt s5Y
8 All Input or Outptit Voltages +6.5Vto —0.3V T - .
§ with Respect to Ground R
o Lead Tempaerature (Solderirig, 10 sec.) +309°C - T-46 -13-27
o | ESDrating S 2000V e e
O - I £
c?z DC and AC Electrical Characteristics Vg = 3.0V to 5.5V unless otherwise specified
§ Symbol Paraneter Part Number ) Conditions Min | Max Unlls:
©Q | Vrep - | Power Supply Ripple - Peak-to-Peak
g X 7 (Note 7) , ) 0.1 VCC \
g leet Operating Current NMC93CS06-NMG93CS66 GS = V|, SK = 1.0 MHz 2 mA
= CMOS Input Levels | NMC93CS06E-NMC93CS66E 2
lece Operating Current NMC93CS06-NMC93CS66 CS = Vi, SK = 1.0 MHz S 3 | mA
TTL tnput Levels NMC93CS06E-NMCI3CSSE6E | 4.5V<Voo<5.5V -3 '
loca Standby Current NMG93CS06-NMCe3CSe6. - | CS=0v |- s0 A
NMC93CS0SE~NMCS3CSE6E | - , 100 i
i Input Leakage " NMC93CS06-NMG93CS66 Vin = 0VioVeo =25 25 A
NMGC93CS06E-NMCI3CSE6E ~10 [ 10 KA
loL Output Leakage NMC93CS06-NMC93CS66 Vout = 0VtoVgo T =25 -~|. 25 A
- | NMC93CS06E-NMCO3CSSE6E | : -10 10 *
Vit Input Low Voltage ) ’ 45V<Veo<5.5V ) 0.8 v
ViH1 Input High Voltage - 2 .
Vi Input Low Voltage 3V<Vgp<4.5V -0.1 - 0.6 v
ViHz Input High Voltage _ - 2 Ve + 1
4B6V<Vge<5.5V
Vot Output Low Voltage loL = 21 mA " 0.4 v
VoH1 Output High Voltage lon=—400pA -~ - | 24
3V<Vgo<4V . ,
- VoL2 Qutput Low Voltage foL=10pA 0.2 \Y
- Vonz | Qutput High Voltage Ioq = —10pA Voo — 0.2 )
fak SK Clock Frequency | NMG93CS06-NMC93CS68 0 1 MHZ
NMC93CS06E-NMC93CS66E - 0 05 |-
tsKH SK High Time NMC93CS06-NMC93CS686- (Note 2) : 600 ns
- NMC93C806E-~NMC93CS66E | (Note 3) - 500 ' ,
takL SK Low Time NMC93CS06-NMC93CS66 (Note 2) 250 ns
NMC93CS06E-NMCO3CSE6E (Note 3) ' 500 B
tcs Minlmum CS NMC93CS06-NMC93CS66 (Note 4) ) 250 ns
Low Time NMC93CS06E-NMCO3CS66E (Note 5) 500
T SR tcss CS Setup Time NMC93CS06~NMC93CS66 Relative to SK . 50 ns
o - NMC93CS06E~NMCI3CS66E o 100 B
) tpres | PRE Setup Time NMC93GS06-NMC930S66 Relative to SK 50 .
, NMC93CS06E-NMCO3CSE6E ) 100 - N
tees PE Setup Time NMC93CS06-NMC93CS66 Relative to SK 50
, NMC93CS06E-NMCI3CSE6E 100 ns
tois DI Setup Time NMGC93CS06-NMC93CS66 - | Relative to SK 100
NMC93CS06E-NMCI3CSE6E 200 s

A
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DC and AC Electrical Characteristics Vo = 8.0V to 6.5V unless otherwise specified (Continued)
Symbo) Parameter Part Number Conditions Min Max | Units
tosH CSHoldTime Relative to SK 0 ool s
tPEH PE Hold Time NMC93CS06-NMC93CS66 Relative to CS 250 : s
. . - NMC93CS06E-NMC93CS66E | RelativetoCS |~ 500 :
tPREH PRE Hold Time ) Relative to SK 0 ns.
oI D! Hold Time NMC93CS06-NMC93CS66 Relative to SK 100 ns
) NMC93CS06E-NMCI3CSE6E 200 ,
1pD1 Output Delayto “4" . | NMC93CS06-NMC93CS66 . 500 s
] | NMC93CSO06E-NMC93CSS6E | AG Test : 1000
tPDo Output Delay to 0" | NMC93CS06-NMC93GSE6 : 500 ne
NMC93GS06E~NMC93CS66E AC Test 1000
tsv CS to Status Valid NMC93CS06-NMG93CS66 500 né
B NMCB3CS06E-NMCI3CSE6E | AC Test - 1000
tor - CStoDOIn NMC93CS08-NMC93CS66 Cs =V, ' .100 ns
TRI-STATE® NMCQ3CSQ6E-NMGCO3CSE6E | AC Test 200 o
twe Wirite Cycle Time o 15 ms
Endurance Number of . :
Data Changes Typical Cycles
N 100,000
per Bit

Note 1: Stress above those liated under “Absolute Maximum Ratings" ma)f cause permanent damage to the device. Thlsrls 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 perlods may affect device reliabity,

Note 2; The SK frequancy specification for Commerclal parts specifies a minimum SK cldck
must be greater than or equal to 1 microsecond, For example If tggg. = 250 ns then the min!

period of 1 microsecond, therefore In an SK clack cycle tskn + tsxi
mum tgky = 750 ns in order to meet the SK frequency specification,

Note 3: The SK frequency specification for Extended Temperature parts spacifies’a minimum SK clock pericd of 2 microseconds, therefore In an SK clock cycle

tskH + tgki must ke greater than or equal to 2 microséconds. For exam|

ple, if tgk = 500 ns then the minimum tgkH = 1.5 microseconds in order to mest the SK

frequency specification. .

Note 4: For Commercial parts CS must ba brought low for a minimum of 250 ns {tes) beb tiva instruction cycles.

Note &: For Extended Temperature parts CS must be brought low for a minimum of 500 ns (tcs) bety itk n eycles.

Note 8: This parameter Is periodically sampled and not 100% tested. - E

Note 7: Rate of voltage change must be less than 0.5 V/ms. c .

Capacitance (Nots6) AC Test Conditions S

Ta = 25, f = 1MHz - Quitput Load : 1 TTL Gate and C_'= 100 pF
Symbot Test | Typ | Max | Units Input Pulse Levels ) N 0.4V to 2.4V
) ! . Timing Measurement Refersnce Level
Qour Qutput Capacn@ancg 5 pF B Input . 1Vand2v
CiN Input Capacitance 5 pF Output 0.8V and 2V
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Functional Description

The NMC93CSxx family of extended voltage EEPROM have
10 Instructions as described below. Note that there is a dif-

fererice in the length of the instruction for the NMG93GS06 -

and NMC93CS46 vs. the NMC93CS56 and NMC93CSE6.
This {s due to the fact that the two larger devices require 2
additional address bits which are not required for the small-
er devices, Within the two groups of devices the number of
address bits remain constant even though in some cases
the most signiticant bit(s) are not used. [n every instruction,
the flrst bit is always a 1" and is viewed as a start bit. The
next 8 or 10 bits (depending on device size) carry the op
codoe and address. The address Is either 6 or 8 bits depend-
Ing on the device size.

Read (READ):

The Read (READ) Instruction outputs serial data on the DO
pin. After a READ instruction Is recelved, the Instruction and
address aré decoded, followed by data transfer from the
selected memory register into a 16-bit serial-out shift regis-
ter. A.dummy bit (logical 0) precades the 16-hit data output
string. Output data changes are initiated by a low to high
transition of the SK clock. In the NONVOLATILE. SHIFT-
REGISTER mode of operation, the memory automatically
cycles to the next register after each 16 data bits are
olocked out. The dummy-bit Is suppressed in this mode and
a continuous: string of data Is obtained,

Write Enable (WEN):

When Vg Is applied to the part, it “powers up" in the Write
Disable (WDS) state. Therefore, all programming modes
must be preceded by a Wiite Enable (WEN) instruction.
Once a Write Enable instruction Is executed programming
remains enabled until a Write Disable (WDS) Instruction is
executed or Vg Is removed from the part.

Write (WRITE):

The Write (WRITE) Instruction is followed by 16 bits of data
to be written into the specified address. After the last bit of
data Is put on the data-in (DI) pin, CS must be brought low
before the next rising edge of the SK clock. This falling edge
of the CS initiates the self-timed programming cycle. The PE
pin MUST bae held high while loading the WRITE instruction,
however, after loading the WRITE instruction the PE pin be-
comes a “don't care. The DO pin indicates the READY/
BUSY status of the chip if CS is brought high after a mini-
mum of 250 ns (fcg). DO = logical 0 Indicates that program-
ming Is still In progress. DO = logical 1 indicates that the
register at the address spetified in the instruction has been
written with the data pattern specified in the Instrustion and
the. part is ready for another instruction.

Write All (WRALL):

The Write All (WRALL) instruction Is valid only when the
Protect Register has been cleared by executing a
PRCLEAR instruction. Additionally, it Is only guaranteed at
Veo. = 5.0V +10%. The WRALL instruction will simulta-
neously program al! registers with the data pattern specified
Int the instruction. Like the WRITE instruction, the PE pin
MUST be held high while loading the WRALL instruction,
however, after loading the WRITE Instruction the PE pin be-
comes a "don't care"”. As In the WRITE mode, the DO pin
Indicates the READY/BUSY status of the c¢hip if CS is
braught high after a minimum of 250 ns (tgg).

T-46-13-27
Write Disable (WDS): 7 ‘

To protect against accldental data disturb, the Wnte Disable
(WDS) instruction disables all programming modes and
should follow all programming operations. Exscution of a
READ instruction is independent of both the WEN and WDS
instructions.

Protect Reglster 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 Joading the instruc-
tion. Following the: PRREAD instruction the 6- or 8-bit ad-
dress stored in the memory protect register is transferred to
the serial out shift register. As in the READ modse; a dummy
bit (logical 0) precedes the 6- or 8-bit address string.

Protect Register Enable (PREN):

The Protect Register Enable (PREN) instruction is used to
enable the PRCLEAR, PRWRITE, and PRDS modes. Before
the PREN mode can he entered, the part must be in the
Write Enable (WEN) mode. Both the PRE and PE pins
MUST be held high while loading the instruction: -

Note that a PREN instruction must immediately precede a

~ PRCLEAR, PRWRITE, or PRDS instruction.

Protect Reglster Clear (PRCLEAR):

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

Protect Reglster Write (PRWRlTE) N

The Protect Register Write (PRWRITE) instruction is used to
write into the Protect Register the address of the first regis-
ter to be protected. After the PRWRITE instruction is exe-
cuted, all memory-registers whose addresseés are greater
than or equal to the address specified in the Protect Regis-
ter are protected from the WRITE operation. Note that be-
tore executing a PRWRITE Instruction the Protect Register
must first be cleared by executing a PRCLEAR operation
and that the PRE and PE pins must be held high while
loading the instruction, however, after loading the PRWRITE
instruction the PRE and PE pins become ‘don’t care'. Note
that a PREN Instruction must .immediately precede a
PRWRITE Instruction.

Protect Register Disable (PRDS):

The Protect Register Disable (PRDS) instruction is a one.
time only instruction which renders the Protect Register un-

- alterable in the future. Therefore, the specified registers be-

come PERMANENTLY protected against data changes. As
in the PRWRITE Instruction the PRE and PE pins must be
held high while loading the instruction, and after loading the
PRDS Instruction the PRE and PE pins become ‘“don't
care”,

Note that a PREN instruction must immediately precede a
PRDS instruction. ’
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Instruction Set for the NMC93CS06x3 and NMC93CS46x3 ‘
Instruotion | SB | Op Code | Address { -Data | PRE | PE Comments
READ 1 10 A5-A0 0 X | Reads data stored In memory, starting at specified address.
WEN 1 00 T1XXXX 0 | -1 | Wiite enable must preceds all programming modes.
WRITE. | 1 03] A5-AQ | D15-DO 0 1 | Writesregister.if address is unprotected
WRALL 1 00 01XXXX | D15-D0 0 1 | Writes all registers. Valld only when Protect Reglster is
cleared. Valid only at Vo = 4.5V-to 5. V.
wDSs i 00 Q0XXXX | X | Disables all programming instructions,
PRREAD 1 10 XXXXXX 1 X | Reads address stored in Protect Register.
PREN 1 00 T1XXXX 1 1| Mustimmediately precede PRCLEAR, PRWRITE, and
) ) : PRDS Instructions.
PRCLEAR 1 11 111111 1 |- 1 | Clears the Protect Register so that no reglsters are
protected from WRITE.
PRWRITE 1 [1}] A5-A0 1 | 1 [ Programs address into Protect Reglster Thereaﬁer.
memory addresses.> the address.in Protect Register are
] ) protected from WRITE, )
PRDS 1 00 000000 1 1 | One time only instruction after which the address in the
Protect Register cannot be altered.
Instruction Set for the NMG93C856x3 and NMC93CS66x3 -
Instruction | SB | Op COde Address Data . | PRE. PEV ' Comments
READ 1 10 A7-A0, ) 0 X Reads data stored in memory, starting at specmed address.
WEN 1 00 11XXXXXX -0 1 | Write enable must preceds all programming modes.
WRITE 1 01 A7-A0 Di5-DO| © 1 | Writes register if address Is unprotected.
WRALL 1 a0 01XXXXXX | D15-DO | 0 1 | Wiites ali registers. Valid only when Protsct Reglsier is
] cleared. Valid only at Vo = 4.5V to 5.5V.
WwDS 1 00 - | 00XXXXXX 0 | X | Disables all programming instructions.
PRREAD 1 10 XXXXXXXX X | Reads address stored in Protect Register.
PREN 1 0o TIXXXXXX 1 1 | Mustimmediately precede PRCLEAR, PHWRITE and
7 PROS instructions.
PRCLEAR 1 1A | 111111 1 1| Clears the "protect reglster" s0 that no registers are
.| protected from WRITE.
PRWRITE 1 01 A7-A0 1 1 | Programs address into Protect Register. Theéreafter,
memory addresses > the address in Protect Register are
- protected from WRITE. o
PRDS 1 00 00000000 1-| 1| Onetime only instruction after which the address in the
: Protect Register cannot be altered. -
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@ | Timing Diagrams - v T-46-13-27
2 Synchronous Data Timing . - : -
a Vi . .
% PRE Vn.j NN k 7
o v tpres ) o> toRen
0 He - - -
3 Pe Vu._—_x j:
s tpes e toen
S e ——— ' —
3 S vy — - (S
8 tess -Yskn i tsi — et
] sK e ' | ' ,
8 v st oo : '
H - -

2 ¥ v ‘ _X X

Vou 7 teno , = tepi iof_

00 (READ)VOL _ ,
. v tsve i — tor
H
DO (PROGRAM) sz < STATUS VALID ] p
- TLIDI10044-47
*This is the minlmum SK pericd (See Note 2).
READ:
PRE=0,PE=X

Y I Ik M

y e T
_TULUUUUULIUIUIIUIL
" o\ “><A_°>\ L -:: 2 o

*Address bit A7 becomes “don't care' for NMC93GS56 TL/D/10044-5
*Address bits AS and A4 become “don't caras" for NMC93CS06 .

tThe memory automatically cycles ta the next register.
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Timing Diagrams (continued) | T-46-13-27
WEN: -
PRE = 0,D0 = TFSI:STATE

I

$J o v , : , - — ,@ e
A
WARYER 0 &0, 0N

*The NMCI3CS56 and NMC93CS68 require a minimum of 11 clocks, The NMC93GS08 and NMCIICS46 requir;s a minimum of 9 clocI; cycles.

wDs:
- PRE = O, PE = X,DO = TRI-STATE

“-[ = - - e , ‘ﬁ

3 ANARNRRANS

TL/D/10044-6

e AEDR

*The NMC93CS56 and NMC93CS66 require a nﬂnlhum of 11 clocks. The NMC83CS06 and NMC93CS46 require:a minimum of 9 clock cycles.

WRITE:
PRE =0

w_"" tml_

® Address bit A7 becomes a “don't care™ for NMC93CS56 :
¢ Addvess bits A5 and A4 become “don't cares" for NMC93CS06

S ALARRRARAN

TL/D/10044~7

TL/D/10044-8

£X99S0/£X95S0/EX9YSI/EXI0SIEEINN
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Timing Diagrams (ontinueq)  T-46-13-p7

WRALL}:
PRE=0

n [ T — }5}}}}\
cs_ -~ ksL

NMC93CS06x3/CS46x3/CS56x3/CS66x3

*Don't care TL/D/10044-9
tProtect Reglstor MUST be cleared.
1Valid only at Voo = 4.5V to 6.5V,

PRREAD:
PE = X

PRE

TL/D/10044~10

00

*Addrass bits AS and A4 become “don't cares" for NMC93CS06
$Address bit A7 bacomes "don't care" for NMC93CS56
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Timing Diagrams (continued)

| . T-86-13-27
PREN*: :
DO = TRI-STATE
PRE .
PE
s s

s

_TL/D/10044-11
*A WEN cycle must precede a PREN cycle,
PRCLEAR*:
PRE
PE
¢s tes

*A PREN cyclo must Immediately precede a PRCLEAR cycle,

TL/D/10044-12

2.8
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Timing Diagrams (Continued)

*Address bit A7 becomes a “don’ care” for NMC93CS56 .
*Address bits A5 and A4 become “don’t cares™ for NMC93CS08 o

TProtect Hegister MUST bs cleared beforo a PRWRITE cycle. A PREN cycle must immediately precede.a PRWRITE cycle.

PRDS*:

PRE

PE

*ONE TIME ONLY instruction, A PREN cycle must immediately precede a PRDS cycle.

PRWRITET: T.'_ 46~ 1 3~2 7 Ll
FRE
PE
= s

TL/D/10044-13

TL/D/10044-14
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Semiconductor

NMC93C06x3/C46x3/C56x3/C66x3

PRELIMINARY

1

Extended Voltage 256-/1024/2048/4096-Bit

Serial EEPROM

General Description

The NMC93C06x3/C46x3/Ca6x3/C66x3 are 256/1024/
2048/4096 bits of CMOS electrically erasable memory di-
vided into-16/64/126/256 16-bit reglsters. They are fabri-
cated using Natlonal- Semiconductor’s floating-gate CMOS
pracess for high speed-and low power, They operate from a
single 3.0V to 5.5V supply since Vpp Is generated on-board,
The serial organization allow the NMC93C06x3/C46x3/

C56x3/C66x3 to be packaged in an 8-pln DIP or 14-pin 8O

package to save board space.

The memories feature a serial interface with the instruction,
address, and write data, input on the Data-In (DI) pin. All
read data and device status come out on the Data-Out (DO)
pin. A low-to-high transition of shift clock (SK) shitts all data
in and out. This serlal interface is MICROWIRE™ compati-
ble for simple interface to standard microcontrollers and mi-
croprocessors. There are 7 instructions: Read, Erase/Write
Enable, Erase, Erase All*, Writs, Write All*, and Erase/
Write Disable. The NMC93C06x3/C46x3/C56x3/C66x3 do
not require.an. erase cycle prior to the Write and Write Al
Instructions. The Erase and Erase All instructions are avail-
able to maintain complete read and programming capability
with the NMOS NMC9348, All programming cycles are com-
pletely self-timed for simplified operation. The busy status is

avallable on the DO pln to indicate the completion of a pro-
gramming cycle, EEPROMSs are shipped in the erased state
where all bits are logical 1's. CT

‘Compatibility with Other Devices

These memorles are pin compatible to National Semicon-
ductor's NMOS EEPROMSs, NMC9306-and NMC8346 and
CMOS EEPROMs NMC93C06x3/C46x3/C56x3/C66x3,

Features . :

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

w Reliable CMOS floating gate technology

B 3.0V to 5,6V operation in all modes

u MICROWIRE compatible serial 170

B Self-timed programming cycle

® Device status signal during programming mode

M Sequential register read )

R 40 years data retention

m 100,000 write cycles

*The Instructions Erase All and Write AYl are functional ‘only from 'Voc =
4.5V o 5,5V. Thelr primary purpose (s as test modes.

Block Diagram
& »|  INSTRUCTION | Ve
e — » DECODER,
3| INSTRUCTION .| conmroL Lok,
o "} REGISTER AND CLOCK
GENERATORS.
6/8
X A 4
s HIGH YOLTAGE
FeosTeR GENERATOR
] AND
] PROGRAM
Vepl - TIHER
A 4 i -
) EEPROM. ARRAY
DECODER N
1 OF 128/256 2048/4096 BITS
. - (1287256 x 16)
4= Vg5
o} DATA IN/ uT REGISTER A ouwsy
- 16 BIS , 8T —'
< _ " DATA OUT .
o< sUrFER € - J

TL/R/10045-1
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R T-46-13-27 ]
§ Connection Diagrams R Y ,
E Dual-In-Line Package (N) Pin Names T © . 14-PIn SO Package (M)
S and 8-Pin SO (M8) cs ChipSelect . (o
2 — - — — . He=jt = T - t4l=NG
8 cs=41 " 3f-Veo SK_ | Serial Data Clock S 13}-vee
g sk=2 7h=Ne - Dl - Serial Data Input T osKkeds .. 12kene
< D=3 6f—He Do Serial Data Output ooNe—=4 {1f==NC.
Q 0014 : 5f=GND GND - Ground MH=45 ) 10p—=NC
S TUDHOME-2 - | Power Suppl i S

, co er Supply r R
g Top View s . Ne—{7 8j-Nc
(&) See NS Package Number NOSE TUD/10045-3
E i : Top View
§ See NS Package Number M14A
) < 7 . .
8| Ordering Information
4 i .
a3 Commerclal Temp. Range (0°C to +70°C),
E 7 Order Nu_mber

NMC93C06N3 '

NMC83C46N3/NMCO3C56N3/NMCI3CE6N3
NMC93C46M3/NMCO3C56M3/NMCO3CE6M3
NMC93C06M83/NMCe3C46M83 ' o . |

Extended Temp. Range (—40°C to +85°C)

Qrder Number

NMG93CO6EN3
" NMC93C46EN3/NMCE3CE6EN3/NMCI3CEEENS
: NMCS3C46EM3/NMCO3CS6EM3/NMCIICE6EM3 ' B

NMCE3COBEM83/NMC3C46EMS3 .
|
|
|
\
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P - 12
Absolute Maximum Ratings ots 1) . Operating Conditions =
If Military/Aerospace specified devices are required, Ambient Operating Temperature . 8
please contact the Natlonal Semliconductor Sales. NMC93C56-NMC93Ce6 0°Gto +10°C g
Offlce/Distributors for avallabliity and specifications. NMCQSCSSE-NMCQQQGGE " —40°Cto +85°C D
Amblent Storage Temperature —65°Cto +150°C Positive Power Supply 3.0Vto5.5v é
All Input or Output Voltages +6.5Vio —0.3V . -
with Respect to Ground o ‘3’
Lead Temp, (Soldering, 10 sec.) +300°C Ae o 7-4
ESD Rating 2000V T-46~13-27 §
, . _ o ’ o ” o
DC and AC Electrical Characteristics Veg = 8.0V to 6.6V (unless otherwise specified) >
Symbol Parameter Part Number . Condltions Min Max Units E
lect Operating Current NMC93C06-NMC93Cs6 CS = V4, 8K = 0.6 MHz 2 A g
CMOS Input Levels | NMC93G0BE-NMC93CE6E - , 2 mA &
lcoz Opoerating Current NMC93C08-NMC93Ce8 CS = V), SK = 0.5 MHz 3 C mA ®
TTL Input Levels NMC93C06E-NMCO3CE6E 3 - E
leos Standby Current NMC83C06-NMC93C66 Cs=0v - - 80 - A g
e NMCS3CO6E-NMCO3C66E o 100 K &
I Input Leakage NMC93C06-NMC93Ce6 VIN = OV toVgg -25 25 N e
) , ) NMC93C06E-NMC93CE6E - =10 A0 *
loL Output Leakage NMG93C06-NMC93G66 - | Viy = OVto Voo 25 25 A
NMC93C06E-NMCI3066E , = —10 10 | ¥
ViLt Input Low Voltage 4.6Y £ Vg £ 5.5V - 0.8 v
Vit " Input High Voltage 2 ) )
ViLz Input Low Voltage 3V £ Voo € 4.5V -0.1 0.6 v
ViHz input High Voltage 2 Vet .,
VoLt Output Low Voltage 4.6V < Vg < 6.5V -
VoH1 Output High Voltage loL = 2.1 mA 0.4 v
] loH = —400 pA 24 v
VoL2 Output Low Volitage 3V < Voo s 4.5V
VoH2 Output High Voltage loL= 10 pA 0.2 v
) loH = =10 pA Vec — 0.2 o V
fsk SK Clock Frequency | NMC93C06-NMC93C66 0 1. MH
) , NMC93C06E-NMCO3CE6E o 0 0.5 z
tekH SKHigh Time NMC93C06-NMC93CE6 (Note 2) 500: .
NMC93C06E-NMCI3CE6E ~ | (Note 3) 500 :
" tekL SK Low Time NMC93C06-NMC93C66 {Note 2) 250 n
. NMC93C06E-NMC93C66E (Note3) 500 s
tos Minimum CS NMC93C06-NMC93C66 (Note 4) 250 s
Low Time NMC93COBE-NMCO3C66E (Note5) 500 nr
toss CS Setup Time NMC93C06-NMC93Ce6 Relative to SK 50 _
NMG93CO8E-NMGO3CE6E 100 ns
tepes | PRE Setup Time NMC93CS06-NMC93CS68 Relative to SK 50 ns
NMC93CS06E-NMOIICS66E 100
tpes PE Setup Time NMC83CS08-NMC93CS66 Relative to SK’ 50°
NMC93CS08E-NMC30S66E 100 ns
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NMC93C06x3/NMC93C46x3/NMC56x3/NMC66x3

T-46-13-27 ]
DC and AC Electrlcal Characterlstics Veg = 3.0V to 5.5V (unless otherwise specified) (Continued)
Symbol Parameter Part Number Condltlons Min Max Units
tois DI Setup Time. - NMC93C06-NMC93C66 " Relative to SK 100 ’ ns
’ ) ) NMC93C08E-NMCQ3C66E ; - 200
tosH GSHold Time - - . Relative to SK 0 ~ns
o DI Hold Time NMC93006-NMC93C66 - Relative to SK 100 . ns
) NMC93C06E-NMC93C66E 200
tPD1 Output Delay to 1" NMGC93C06-NMC93C66 [ ACTest ' 500 ns
) ) ) NMC93CO6E-NMC93CE6E E o - - 1000
tepo - Qutput Delay to 0" NMC93C06-NMC93C66 ACTest . - 500 ns
* NMGC93CO6E-NMCI3CE6E IS ) 1000
tsy CS to Status Valld NMC93C06-NMC83C66 AC Test - 500 ns
N , 'NMC93C06E-NMCO3C66E , ! 1000 ,
tor CStoDOin NMC93C06-NMC93C66 AC Test © 100 ns
TRI-STATE® NMC93C06E-NMC93CE6E CS=Vy 200 :
twe Write Cycle Time C * ] . 16 ms:
Endurance . Number of Data Typical
. Changes per Bit 100,000 ; Cycles

Note 1‘ Stress above those fisted undet "Absolute Maximum Ratings” may cduse parmanent damage to the dévice. This Is a stress rahng only and functional
oparation of the device at thess or any other conditions above those Indicated In the operational sections of the spacification Is not implied, Exposure to absolute
maximumi rating conditions for extended periods may affect device reliabllity,

Note 2: The SK {requency specification for Commerclal parts specifies a minimum SK clock period of 2 ps, lherefore In an SK clock cycle tgky + tski. must be
greater than or equal to 2 ps, For example If tsgL = 250 ns then the minimum tsky = 1760 s in order to meet the SK frequency spacification.

Note 3: The SK frequency specification for Extended Temperature parts specifies a minimum SK clock period of 2 ps, therefore In an SK clock éycle tskH + tgkL
must be greater than or equal to 2 ps. For example, it the tgky = 500 ns then the minimum tsky = 1.6 ps in order to meet the SK frequency spacification.

Note 4: For Commerclal parts CS must be brought low for a minimum of 260 ns (icg) b [ 1t tructi cycles.
Note 5: For Extended Temperature parts CS must be brought low for a minimurn of 500 ns (tcs) beh cor tive i n cyclés.
Note 6: This parameter is periodically sampled-and not 100% tested. ) :
a . - N . N
Capacitance (ote ) ' AC Test Conditions
Ta = 25°Cf=1MHz OutputLoad 1 TTLGateand G- = 100pF -
Symbol Test Typ | Max | Units Input Pulse Levels 0.4Vio 24V
- - Timing Measurement Reference Level
Cout Output Oapacﬂance 5 pE . Inpgt - 1Vand 2V
CIN Input Capacitance 5 pF Output ) 0.8V and 2V
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Functional Description

The NMC93C06/C46/C56/C66 have 7 Instructions as de- .

scribed below. Note that the MSB of any instruction is a 1"
and Is viewed as a start bit In the Interface sequence. The
next 10-bits carry the op code and the 8-bit address for
reglster selection,

Read (READ): - )

The Read (READ) instruction outputs serial data on the DO
pin. After a READ instruction Is recelved, 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 (logicai 0) precedes the 16-bit data output
string. Quiput data. changes are Initiated by & low to high
transition of the SK clock. :

Erase/Write Enable (EWEN): T wrriee e

When Veg Is applied to the part, it powers up In the Erase/
Write Disable (EWDS) state. Therefore, all programming
modes must be preceded by an Erase/Write Enable
(EWEN) Instruction. Once an Erase/Write Enable instruc-
tion {s executed, programming remains enabled until an
Erase/Write Disable. (EWDS) Instruction is executed or Veo

. la removed from the part.

Erase (ERASE):

The ERASE instruction will program all bits In the specified
register to the logical *1' state. CS is brought fow following
the loading of the last address bit. This falling edge of the
CS8 pin Initiates the self-timed programming cycle.

The DO pin indicates the READY/BUSY status of the chip if
CS Is brought high after a minimum of 250 ns (tcs)-
DO = logical ‘0’ Indicates that programmiing is still in prog-

tess. DO = loglcal 1" indicates that the register, at the

address spagified-in the instruction, has been erased, and
the part is ready for another Instruction..

Instruction Set for the NMC93C06 and

n

T-46-13-27
Write (WRITE): ) -
The Write. (WRITE) Instruction is followed by 16 bits of data
to-be written Into the specified address. After the last bit of
data is put on the data-in (DI) pin, CS must be brought low
before the next rising edge of the SK clock. This falling edge
of CS inltiates the self-timed programming cycle. The DO
pin’indicates the READY/BUSY status of the chip if CS is
brought high after a minimum of 250 ns (tgs). DO = lagical
0 indi¢ates that programming Is still in progress. DO = logi-
cal 1 indicates that the register at the address specified in
the instruction has been written with the data pattern speci-
fied in the instruction and the part is ready for another in-
struction.. - . -
Erase Ali (ERAL):

The ERAL instruction will simultaneously. program all regis-
ters in the memory array and set each bit to the logical ‘1’

state, The Erase All cycle is identical to the ERASE cycle

except for the different op-code. As in the ERASE mode,

* the DO pin indicates the READY/BUSY status of the chip if
CS. is brought high after a minimum of 250 ns (tcs). The
ERAL Instruction is valid only at Vgg = 5.0V +10%.
‘Write All (WRAL): - T

* The (WRAL) instruction will simultaneously program all reg-
Isters with the data pattern specified in the instruction. As in
the WRITE modes, the DO pin indicates the READY/BUSY
status of the chip if CS is brought high after a minimurn of

. 250 ns (tcg). The WRAL instruction Is valld only at
Voo = 5.0V £10%. T ] -
Erase/Write Disable (EWDS):

To protect against accidental data disturb, the Erase/Write
Disable (EWDS) instruction disables all programming modes
and should follow all programming operations. Execution of
a READ instruction' s Independent of both the EWEN and
EWDS instructions. ’

NMC93C46
Insteuction sB Op Code ) Address Data o Comments )
READ 1 ) 10 A5-A0 _ Reads data stored in memoly, at specified address.
EWEN 1 00 11XXXX Write enable must precede all brogramming modes.
ERASE K 11 A5-A0  Erase register ASA4A3A2A1AO. K ‘
WRITE 1 01 A5-A0 D15-D0 Writes register. = B
ERAL 1 00 1OXXXX __ Erases all registers. Valid only at \Vlcc;r-# 4.5V0 5.5V,
WRAL 1 00 O1XXXX | D16-D0 | Writes allregisters. Valid only at Vo = 4.6V to 6.5V,
EWDS 1 00 QOXXXX _ Disables all programming Instructions. '

Instruction Set for the NMC93C56 and NMC93C66

Comments:

Instruction | SB |. OpCode Address Data ] .
READ 1 10 A7-A0 Reads data stored in memory, at specified address.
EWEN 1 00 11XXXXXX Wiite enable must precede all programming modes.
ERASE 1 1 . A7-A0 Erase register A7AGASA4A3A2A1 AC, ,
ERAL 1 00 AOXXXXXX Erases all registers. Valid only at Vog = 4.5V to 5.5V,
WRITE 1 ot  A7-A0 D16-D0 Wiites register if address Is unprotected. ]

~ WRAL 1 00 01XXXXXX D15-D0 Writes all reglstérs. Valid only when Protect Reglster

. Is cleared. Valid only at Voo = 4.5V 0 5.5V.
EWDS [ 1 00 QOXXXXXX

Disables all programming instructions.
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NMC93C06x3/NMC93C46x3/NMC56x3/NMC66x3

) —— T-46-13-27
Timing Diagrams : :
Synchronous Data Timing .
Ve \
s Vl__* i 2;43. Ne— v
tCSSI - tSI(H I tskL

{tpo.. - : +! topy g, -~ -
R p— N
DO(READ)VOL : - -
v tsy =t top
OH - -
0 (PROGRAM)VOL——-—( ] STATUS VALID

*This I3 the minimum SK period (Note 2). -

- TL/D/10045-4
' READ: .

14y

TL/D/10045-5

*Address bits A and Ag bacome "don't care” for NMC93C06,
*Address bit A7 becomes a "don't care' for NMG93C58.

EWEN:

/T \Y
_ruwumﬂﬂﬂﬂ_ruwm

$Tho NMC93C58 and NMC93C88 require a minimum of 11 clocks. The NMC93C06 and NMC93C46 require a minimum of 9 clock cycles.

TLID/10045-6
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Timing Diagrams (continued) , T-46-13-27
EWDS: ) ' o

2
Jmfuuumﬂﬂmm
VA IIRRYH € ON

*The NMC83C56 and NMC93Ce6 requlre & minimum of 11 clecks. The NMC3C06 and NMG33C48 require a minimum of 9 clock cycles.

TL/D/10045-7

WRITE:

00 2 2 BUSY READY
iy N h B 1Y
et
TL/D/10045-8

*Address bit A5 and A4 bacome "don't care™ for NMG93C08,

*Address bit A7 becomes a “don’t care" for NMC93C56. )

WRAL:}
e N

ST\

50 e . , , . o ’ BUSY I/ peapy

¢ ¢ B}

*The NMCO3C58 and NMC93C88 reguire a minimum of 11 clocks. The NMC23C06 and NMC83C46 require a mlmmum of 9 ¢lock cycles.
1Valid only at Voo = 4.5V 16 5.6V, .

TL/D/10045-9
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ERASE:
“.F, N |- S : ) \_;[-EH‘SECK STATUS _'STANDBYV

LY AN €D € €D '{E)‘IIIL_é, o -
L R
TRI-STATE . , - fe-tev 1t
00 , —s (o — T jl READY Sl

1Valid only at Vo = 4.5V ta 6.5V,

Timing Diagrams (Continued) ' T—46—1 307 =}

. : . TL/D/10045-10
ERAL:t
S"_l_LI'-l_|_L|'''L_I_'|_|—L|_Lr'|..|—|_|_|.;;.l'_LI"l_l'S
- o ’ . 9"\ tes
s/ ' X ;‘ cH;ESCK STATUS T STANDBY
 TRI-STATE | s e K]
- \TRI=STATE
: gusy 4 READY )
B U L—— e S
a - ' TL/D/10045-11
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