General Description

The NM93CS06LZ/CS48LZ /CS56LZ/CS66LZ devices are
256/1024/2048/4096 hits, respectively, of non-volatile
electrically erasable memory divided inte 16/64/128/256 x
18-hit registers (addresses). The NM93CSxxLZ Family func-
tions in an extended voltage operating range and is fabricat-
ed using National Semiconductor's floating gate CMOS
technology for high reliability, high endurance and low pow-
er consumption. N registers (N<18, N<64, N=<128,
N <256) can be protected against data modification by pro-
gramming the Protect Register with the address of the first
register to be protected against data modification. (All regis-
ters greater than, or equal to, the selected address are then
protected from further change.) Additionally, this address
can be “locked” into the device, making all future attempts
to change data impossible.

These devices are available in both SO and TSSOP pack-
ages for small space considerations.

The serial interface that control these EEPROMSs is
MICROWIRE compatible, providing simple interfacing to
standard microcontrollers and microprocessors, There are a
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NM93CS06LZ/CS46LZ/CS56LZ/CS66LZ
256-/1024-/2048-/4096-Bit Serial EEPROM

with Extended Voltage (2.7V to 5.5V) and Data Protect
(MICROWIRE™ Bus Interface)

total of 10 instructions, 5 which operate on the EEPROM
memory and 5 which operate on the Protect Register. The
memory instructions are READ, WRITE, WRITE ALL,
WRITE ENABLE, and WRITE DISABLE. The Protect regis-
ter instructions are PRREAD, PRWRITE, PRCLEAR,
PRDISABLE and PRENABLE.

Features

m 2.7V to 5.5V operation in all modes

m Less than 1.0 pA standby current

B Sequential register read

B Write protection in a user-defined section of memory
m Typical active current of 200 pA

Direct write: no erase before program

Reliable CMOS floating gate technology
MICROWIRE compatible serial I/0

Self-timed programming cycle

Device status indication during programming mode
40 years data retention

Endurance: 108 changes

Packages available: 8-pin SO, 8-pin DIP, 8-Pin TSSOP
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Connection Diagrams

Dual-In-Line Package (N), Pin Names
8-Pin SO Package (M8) and )
8-Pin TSSOP Package (MT8) €8 | OChip Select
o L) 1. SK Serial Data Clock
e o] Serial Data Input
Sk=——42 7pP=—PRE -
oz el—pE DO Serial Data Output
po— 4 sl—aND GND Ground
TL/D/11807 -2 PE Program Enable
Top View PRE | Protect Register Enable
NS Package Number NOSE (N) v Power S
NS Package Number MOSA (M8) e wer Supply

NS Package Number MTCO08 (MT8)

Ordering Information

Commercial Temp. Range (0°C to +70°C)

Order Number

NM@3CE848LZM T8/ NMI3CE56LZMTE/NMI3CS66LZMTS

NM@3CS08LZN/NMI3CS46LZN/ NMI3CS56LZN/ NMO3CSE6LZN
NM@3CE08LZME/NMIBCS46LZME/NMIBCESELZME/NMI3CSE6LZME

Extended Temp. Range (—40°C to +85°C)

Order Number

NM@3CS08LZEN/NMIICS46LZEN/NMO3CES6LZEN/NMIICSEELZEN
NM@3CS08LZEMSE/NMYBCS46LZEME/NMIBCSS6LZEMS/NMYZCSEELZEMS
NM@3CE48LZEMTS/NMI3CSS6LZEMTE/NMIBCSEELZEMTS

Automotive Temp. Range (—40°C to +125°C)

Order Number

NMS3CS06LZVN/NMOBCS46LZVN/NMS3CS56LZ VN/NME3BCSEELZVN
NMO3CSO6LZVMB/NME3CS46LZVMB/NME3CES6LZVME/NMI3CSE6LZVMS
NMS3CS06LZ VMTS/NMIBCS46LZVMTE/NMIBCE56LZYMTS/NMI3CSEELZEVTS
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Absolute Maximum Ratings (ote 1)

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

Ambient Storage Temperature —65°Cto +150°C

Operating Conditions
Ambient Operating Temperature
NME3CSxxLZ
NM93CSxxLZE
NM93CSxxLZV

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

All Input or Qutput Voltages Voo + 1V 1o —0.3V Power Supply (Voc) Range 27Vio 5.5V
with Respect to Ground
Lead Temperature (Soldering, 10 sec.) +300°C
ESD rating 2000V
DC and AC Electrical Characteristics: 2.7V < Voo < 4.5V
Symbol Parameter Part Number Conditions Min Max Units
locca Operating Current C8 = V|, 8K = 250 kHz 1 mA
lccs Standby Current s =0v 1 HA
o | Outputesmage towsy s20 | o
ViL Input Low Voltage -0 0.15 Vg v
ViH Input High Voltage 0.8Voe Voo + 1
VoL Output Low Voltage loL = 10 pA 0.1 Voo v
Von Output High Voltage log = —10 pA 0.9Vee
fak SK Clock Frequency (Note 4) 0 250 kHz
tskA SK High Time 1 153
tskL SK Low Time 1 ps
tsks SK Setup Time 0.4 ps
tes Minimum CS (Note 2) 1 mus
toss CS8 Setup Time 0.2 s
trRES PRE Setup Time 0.2 ps
tees PE Setup Time 0.2 153
tois DI Setup Time 0.4 us
toH DO Hold Time 70 ns
tcsH C8 Hold Time 0 us
tpeR PE Hold Time 04 us
tPREH PRE Hold Time 04 us
toiH Dl Hold Time 04 us
tpp1 Cutput Delay to “1” [
trpo Output Delay to “0” s
tgy C5 to Status Valid 1 ps
o | cawoon, = e
twp Write Cycle Time Voo = 27V 15 ms
Voo = 27V 15 ms
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DC and AC Electrical Characteristics: 4.5V < Vg < 5.5V

Symbol Parameter Part Number Conditions Min Max Units
Icca Operating Current C8 = Vi, SK = 1.0 MHz 1 mA
Iccs Standby Current C5 =0V 1 MA
6| Ot tomkage i Bvteves =200 | o
ViL Input Low Voltage —-0.1 0.8 v
ViH Input High Voltage 2 Vect+1| ¥V
VoL Output Low Voltage loL = 2.1 mA 0.4 v
Vor1 Cutput High Voltage lon = —400 pA 24 \i
VoLe Output Low Voltage loL = 10 pA 0.2 v
VoHe Qutput High Voltage loL = —10 pA Voo — 0.2 v
fsk 8K Clock Frequency (Note 5) 0 1 MHz
tskH SK High Time NMS3CS06LZ-NMI3CS66LZ 250 ns
NM93CS08LZE/V-NMO3CS6BLZE/V 300
gk SK Low Time 250 ns
tsks SK Setup Time SK Must Be at Vi for 50 s
tgkg before CS goes high
tcs Minimll.urn cs (Note 2) 250 s
Low Time
tcss C8S Setup Time 50 ns
trRES PRE Setup Time 50 ns
toH DO Hold Time 70 ns
tpes PE Setup Time 50 ns
tois DI Setup Time 100 ns
tosH C5 Hold Time 0 ns
tpen PE Hold Time 250 ns
tPRER PRE Hold Time 50 ns
toiH DI Hold Time 20 ns
tep1 Qutput Delay to “1” 500 ns
teoo Qutput Delay to “0” 500 ns
tgy C8 to Status Valid 500 ns
1 C5 1 i Ccs =
. T§|-§$2® T 00 |
twp Write Cycle Time 10 ms
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Capacitance
Ts = 25°C 1= 1MHz

Symbol Test Max Units
Cout Qutput Capacitance 5 pF
Cin Input Capacitance 5 pF

Nate 1: Stress ratings above thosa listad undar “Absoluta Maximum Ratings” may causs parmanant damage to the davica. This is a stress rating only and
operation of tha device at thase or any other conditions above thosa indicatad in the oparaticnal sactions of the specification is not implied. Exposure to absoluta
maximum rating conditions for extended pericds may affact davice raliability.

Nate 2: CS (Chip Salsct) must ba brought low (to V) for an intarval of Iog in ordar to raset all intarnal device registers (davica rasst) prior to baginning ancther
opeeda cyele (this is shown in the opcods diagrams in tha following pages).

Note 3: Typical leakags valuss ars in the 20 nA rangs.

Nate 4: Tha shortest allowabla SK clock pariod = 1/fgk (as shown undear the fgi paramstar). Maximum SK ¢lock spaad (minimum SK pariod) is detarminad by the
intaraction of saveral AC paramstars statad in the datashast. Within this SK pericd, both tgey and tgk limits must ba ohsarved. Tharefors, it is not allowabls to sat
15K = tsKH [minimum) + TSKL {minimurm for shortar SK cycla tima oparation.

AC Test Conditions

ViIL/Viv VIL/ViH VoL/VoH
Vee Range Input Levels Timing Level Timing Level loL/low
2.7V < Vigg < 4.5V
(Extended Voltage Levels) 0.3v/1.8V 1.0V 0.8v/1.5V 10 pA
4.5V < Voo < 5.5V 0.4V/2.4Y 1.0V/2.0V 0.4V/2.4Y — 2.1 MAZ0.4 mA
(TTL Levels)

Qutput Load: 1 TTL Gate (C| = 100 pF)
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Functional Description

The extended voltage EEPROMSs of the NM93CSxxLZ Fam-
ity have 10 instructions as described below. Note that MSB
of any instruction is a “1” and is viewed as a start bit in the
interface sequence. For the CS06 and C346 the next 8 hits
carry the op code and the 6-bit address for register selac-
tion. For the C856 and C866, the next 10 bits carry the op
code and the 8-bit address for register selection, All Data In
signals are clocked into the device on the low-to-high SK
transition,

Read and Sequential Register Read (READ):

The READ instruction outputs serial data on the DO pin.
After a READ instruction is received, the instruction and ad-
dress are decoded, followed by data transfer from the se-
lected memory register into a 16-bit serial-out shift register.
A dummy bit (logical 0) precedes the 18-bit data output
string. Output data changes are initiated by a low to high
transition of the 5K clock, In the Sequential Read mode of
operation, the memory automatically cycles to the next reg-
ister after each 16 data bits are clocked out. The dummy-hit
is suppressad 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 Write Enable (WEN) instruction.
Once a Write Enable instruction is executed, programming
remains enabled until a Write Disable (WDS) instruction is
exacuted or Vi is removed from the part,

Write (WRITE):

The WRITE instruction is followed by 18 bits of data to be
written into the specified address, After the last bit of data is
allocated to the data-in (D1) pin, CS must be brought low
before the next rising edge of the SK clock. This falling edge
of the C8 initiates the self-timed programming cycle. The PE
pin MUST he held high while loading the WRITE instruction;
however, after loading the WRITE instruction, the PE pin
hecomes a “don’t care”, The DO pin indicates the READY/
BUSY status of the chip if CS is brought high after the tcs
interval, DO = logical 0 indicates that programming is still in
progress. DO = logical 1 indicates that the register at the
address specified in the instruction has been written with
the data pattern specified in the instruction and that the part
is ready for another instruction,

Write All (WRALL):

The WRALL instruction is valid only when the Protect Regis-
ter has heen cleared by executing a PRCLEAR instruction.
The WRALL instruction will simultaneousty program all reg-
isters with the data pattern specified in 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 becomes 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 the tcs
interval, This function is DISABLED if the protect register is
in use to lock out a section memory.

Write Disable (WDS):

To protect against accidental data disturb, the WDS instruc-
tion disables all programming modes and should follow all
programming operations. Execution of a READ instruction is
independent of both the WEN and WDS instructions.

Note: For all protect register operations: If the PRE pin is
not held at Vi, all instructions will be applied to the
EEPROM array, rather than the Protect Register.

Protect Register Read (PRREAD):

The PRREAD instruction outputs the address stored in the
Protect Register on the DO pin. The PRE pin MUST ke held
high while loading the instruction sequence. Following the
PRREAD instruction the 8- or 8-bit address stored in the
memory protect register is fransferred to the serial out shift
register. As in the READ mode, a dummy hit (logical O) pre-
cedes the 6- or 8-hit address string.

Protect Register Enable (PREN):

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

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

Protect Register Clear (PRCLEAR):

The 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 krading the instruction sequence; howey-
er, after loading the PRCLEAR instruction, the PRE and PE
pins bhecome “don’t care”, Note that a PREN instruction
must immediately precede a PRCLEAR instruction.

Please note that the PRCLEAR instruction and the
FPRWRITE instruction will both program the Protect Register
with all 1s, However, the PRCLEAR instruction will allow the
LAST register to be programmed, whereas the PRWRITE
instruction = all 1s will PREVENT the last register from
being programmed. In addition, the PRCLEAR instruction
will allow the use of the WRALL command, where the
PRWRITE = all 1s will lock out the Bulk programming op-
code.

Protect Register Write (PRWRITE):

The PRWRITE instruction is used to write into the Protect
Register the address of the first register to be protected.
After the PRWRITE instruction is executed, all memory reg-
isters whose addresses are greater than or equal to the
address specified in the Protect Register are protected from
the WRITE operation. Note that before executing a
PRWRITE instruction, the Protect Register must first be
cleared by executing a PRCLEAR operation and 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 in-
struction must immediately precede a PRWRITE instruc-
tion.

Protect Register Disable (PRDS):

The PRDS instruction is a ONE TIME ONLY instruction
which renders the Protect Register unalterable in the future.
Therefore, the specified ragisters become PERMANENTLY
protected against data changes. As in the PRWRITE in-
struction the PRE and PE pins must be held high while
loading the instruction, and after loading the PRDS instruc-
tion the PRE and PE pins become “don’t care”.

MNote that a PREN instruction must immediately precede a
PRDS instruction.
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Instruction Set for the NM93CS06LZ and NM93CS46LZ

Instruction | SB | OpCode | Address Data PRE | PE Comments

READ 1 10 A5-AD 0 X | Reads data stored in memory, starting at specified address,

WEN 1 00 T1XXXX 0 1 Enable all programming modes,

WRITE 1 3l A5-A0 | D15-DO o} 1 Writes address if unprotected.

WRALL 1 00 O1XXXX | D15-D0 0 1 | Writes all registers, Valid only when Protect Register is
clearad,

wDs 1 00 DOXXXX 0 X | Disables all programming modes,

PRREAD 1 10 XXXXXX 1 X | Reads address stored in Protect Register.

PREN 1 00 11X00XX 1 1 | Mustimmediately precede PRCLEAR, PRWRITE, and
PRDS instructions,

PRCLEAR 1 11 111111 1 1 | Clears the Protect Register so that no registers are
protected from WRITE.

PRAWRITE 1 Dol A5-AQ 1 1 Programs address into Protect Register. Thereafter,
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.

Naote: Addrass bits A5 and A4 bacomsa “Don't Care

Instruction Set for the NM93CS56LZ and NM93CS66LZ

" for the NM83CS08LZ.

Instruction | SB | Op Code | Address Data PRE | PE Comments

READ 1 10 AT-AD 0 X | Reads data stored in memory, starting at specified address.

WEN 1 00 T1XXKX 0 1 | Enable all programming modes,

WRITE 1 13 A7-AD D15-D0 | O 1 | Writes address if unprotected.

WRALL 1 00 OIXXXXXX | D15-D0 | O 1 | Writes all registers. Valid only when Protect Register is
cleared.,

WDS 1 00 DOXXXXXX 0 X | Disables all programming modes.

PRREAD 1 10 P 0.9.9.6.0.6.¢ 4 1 Reads address stored in Protect Register.

PREN 1 00 T1TXXXKXX 1 1 | Mustimmediately pracede PRCLEAR, PRWRITE, and
PRDS instructions.

PRCLEAR 1 1 111111 1 1 | Clearsthe “protect register” so that no registers are
protected from WRITE.

PRWRITE 1 * A7-AD 1 1 | Programs address int¢ Protect Register. Thereafter,
memory addresses = the addressin Protect Register are
protected from WRITE.

PRDS 1 00 00000000 1 1 | ONE TIME ONLY instruction after which the address in the
Protect Register cannot be altered.

Note: Address bit A7 bacomes “Don’t Care” for the NMI3CS56LZ.
7 hittp:/ /www.national. com



Timing Diagrams
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Timing Diagrams (continusd)
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Timing Diagrams continusd)
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Timing Diagrams (continusd)
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Timing Diagrams continued)
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Physical Dimensions inches (millimeters) unless otherwise noted
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with Extended Voltage (2.7V to 5.5V) and Data Protect (MICROWIRE Bus Interface)

NM93CS06LZ/CS46LZ/CS56LZ/CS66LZ 256-/1024-/2048-/4096-Bit Serial EEPROM

Physical Dimensions inches (milimeters) unless atherwise noted {Continued)
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NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when propery used in accordance

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.
he reasonably expected to result in a significant injury
to the user.
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Ewrope Hong Koing Lid. Japan Ltd.
1111 Wast Bardin Road Fax: +49 (0) 180-530 85 88 13th Floor, Straight Block, Tel: 81-043-233-2308
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Tel: 1(800) 2720059 Deutsch Tel: +49 (0) 180530 85 85 Tsimshatsu, Kowloon
Fax 1(800) 7377018 Engish Tel: +49 (0) 180632 78 32 Hong Kong
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