NNational Semiconductor

NM93CS06L/CS46L/CS56L/CS66L
256-/1024-/2048-/4096-Bit Serial EEPROM

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

General Description

The NM93CS06L/CS46L/CS56L/CS66L.  devices are
256/1024/2048/4096 bits, respectively, of non-volatile
electrically erasable memory divided into 16/64/128/256 x
16-bit registers (addresses). The NM93CSxxL Family func-
tions in an extended voltage operating range, and is fabri-
cated using National Semiconductor’s floating gate CMOS
technology for high reliability, high endurance and low pow-
er consumption. N registers (N < 16,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 controls these EEPROMSs is
MICROWIRE compatible, providing simple interfacing to
standard microcontrollers and microprocessors. There
are atotal 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

B Sequential register read

B Write protection in a user defined section of memory
B 2.7V to 5.5V operating range in all modes

B Typical active current of 200 pA; typical standby
current of 1 pA

No erase required before write

Reliable CMOS floating gate technology

MICROWIRE compatible serial 1/0

Self timed write cycle

Device status during programming mode

40 year data retention

Endurance: 106 data changes

Packages Available: 8-pin SO, 8-pin DIP, and 8-pin
TSSOP
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8-Pin SO Package (M8)

Connection Diagrams
Dual-In-Line Package (N)

and 8-Pin TSSOP Package (MT8)
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Ordering Information

Pin Names

cs Chip Select

SK Serial Data Clock

DI Serial Data tnput - -

DO Serial Data Qutput
GND .Ground

PE Program Enable
PRE Protect Register Enable
Voo © Power Supply

Commerclal Temp. Range (0°C to +70°C)

Order Number

NMO3CS06LN/NMI3CS46LN/NMI3CS56LN/NMI3CSEELN
NM93CS06LM8/NMI3CS46LM8/NMO3CSEELMB/NMI3CSEELMS
NMS83CS46L MT8/NMI3CS56LMTB/NMI3CSE6LMTS

Extended Temp. Range (—40°C to + 85°C)

Order Number

NM93CSOBLEN/NMIBCS46LEN/NMOICS56LEN/NMI3CSE6LEN °
NM93CS06LEMB/NMS3CS46LEMB/NMO3CSEELEMB/NMI3CSE6LEMS
NM83CS46LEMT8/NMO3CS56LEMT8/NMI3CSE6LEMTS

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

Order Number

NM93CS06LVN/NMI3GS46LVN/NMIICSE6LVN/NMIICSE6LVN
NM93CS06LVM8/NMI3CS46L.VM8/NMI3CS56LYM8/NMI3CSE6LVME
NM93CS46LVYMT8/NM93CS56LVMT8/NMI3CS66LVMTS
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Absolute Maximum Ratings (Note 1) Operating Conditions

If Military/Aerospace specified devices are required, Ambient Operating Temperature

please contact the National Semiconductor Sales NM93CSxxL 0°Cto +70°C

Oftfice/Distributors tor availability and specifications. NM93CSxxLE —40°Cto +85°C

Ambient Storage Temperature —65°C to +150°C Power Supply (Vce) Range

All Input or Output Voltages +6.5Vto —0.3V Read Mode 2.0Vto 5.5V
with Respact to Ground WRALL Bulk Programming 3.0Vto 5.5V

Lead Temperature (Soldering, 10 sec.) +300°C All Other Modes 25V10 5.5V

ESD rating 2000V

DC and AC Electrical Characteristics: 2V < Vge < 4.5V
Symbol Parameter Conditions Min ) Max Units
lcca Operating Current C8 = Vi, SK = 250 kHz 1 mA
lcos Standby Current CS =V, 50 pA
Iy . Input Leakage ViN = 0Vto Ve £1 pA
loL Output Leakage (Note 4) .
ViL Input Low Voltage -0.1 0.15 Vg v
VIH Input High Voltage 0.8 Voo Voo + 1
VoL Output Low Voitage loL = 10 pA 0.1 Vg v
VoH Output High Voltage log = —10 pA 0.9 Ve
fsk SK Clock Frequency (Note 5) 0 250 kHz
tskH SK High Time 1 ps
tskr SK Low Time 1 us
tsks SK Setup Time SK must be at V)_for . 0.2 s

tsks before CS goes high
tcs Minimym CcS (Note 2) 1 ps
Low Time
tcss CS Setup Time 0.2 ©s
tPRES PRE Setup Time 0.2 us
tPES PE Setup Time 0.2 ns
tois Di Setup Time 0.4 ns
tpH DO Hold Time 70 ns
tcsH CS Hold Time 0 s
trEH PE Hold Time 0.4 pus
tPREH PRE Hold Time 0.4 ps
toIH DI Hold Time 0.4 us
tpD1 Output Delay to “1"' s
trpo Qutput Delay to “0” 1S
tsv CS to Status Valid 1 us
o $§|2$A?TE® o= 0.4 ps
twp Write Cycle Time 15 ms
1-71
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4 -
© | DC and AC Electrical Characteristics: 4.5V < Vg < 5.5V
g Symbol Parameter Part Number Conditions T Min Max | Units
8 lcca Operating Current ‘ cs = Vins SKV= 1.0 MHz ‘ .
8 CMOS input Levels : .1,- : ."'A
E lccs Standby Current CS =V 50 _ pA
B 1 | omee P s |
. |
2| i | inputrigh votage ' v |
8 VoLt Output Low Voltage . loL =21 mA 04 VV'V
g VOH1 Output High Voltage loL = 400 uA 2.4V
Z | vorr Output Low Voltage loL = 10pA 0.2 v
Vorz Output High Voltage loL = —10 wA Vgc—0.2
fsk SK Clock Frequeni:y | (Note 5) 0 1 MHz
tskH SK High Time NM93CS06L-NMS3CS66L 250 ns
NM93CS06LE-NM93CS66LE 300
tskL SK Low Time 250 ns
tsks SK Setup Time SK must be at Vj_for 50 ns
tskgs before CS goes High .
tcs Minimum CS (Note 2) 250 ns
Low Time
tcss CS Setup Time 50 ns
tPRES PRE Setup Time 50 ns
tpH DO Hold Time 70 ns
tPES PE Setup Time - 50. ns
tois DI Setup Time 100 ns
tosH CS Hold Time 0 ns
tPEH PE Hold Time 250 ns
tPREH PRE Hold Time 50 ns
toH DI Hold Time .20 ns
trD1 Output Delay to “'1” 500 ns
trDo Output Delay to “0” 500 ns
tsv CS to Status Valid 500 - ns
twp Write Cycle Time 10 ms
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Capacitance (Note 3)

Ta = 26°Cf = 1MHz
Symbol Test Max Units
Cout " Output Capacitance 5 pF
CiN Input Capacitance 5 pF

Noﬁ 1: Stress ratings above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and
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: CS (Chip Select) must ba brought low (to Vy) for an interval of tcg in order to reset all internal device registers (device reset) prior to beginning another
opcode cycle (This is shown in the opcode diagrams in the following pages). :

Note 3: This parameter is periodically sampled and not 100% tested.

Note 4: Typical Isakage values are in the 20 nA range.

Note 5; The shortest allowable SK clock period = 1/fgk (as shown under the fgk parameter). Maximum SK clock speed (minimum SK period) is determined by the
interaction of several AC parameters stated in the datashest. Within this SK period, both tsikH.and tgky limits must be abserved. Therstore, it is not allowabla to set
/1K = tsKH (minimum) + 1SKL (minimum) for shorter SK cycle time operation,

19959/195S0/719¥SI/T190SIEGAIN

AC Test Conditions
ViL/ViH ViL/Vin VoL/VoH
Vec Range Input Levels " Timing Level Timing Level loL/lon
2.0V < Vg < 4.5V 0.3v/1.8V 1.0V 0.8v/1.5V +10 pA
(Extended Voltage Levels) )
4.5V <'Vgg < 5.5V 0.4V/2.y4V 1.0v/2.0V 0.4V/2.4V —2.1 mA/0.4 mA
(TTL Levels) )

Output Load: 1 TTL Gate (C_ = 100 pF)
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NM93CS06L/CS46L/CS56L/CS66L

Functional Description

The extended voltage EEPROMs of the NM3CSxxL. Family
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 CS46 the next 8 bits
carry the opcode and the 6-bit address for register selec-
tion. For the CS56 and CS66, the next 10 bits carry the
opcode 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 16-bit data output
string. Output data changes are initiated by a low to high
transition of the SK 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-bit
is suppressed in this mode and a continuous string of data is
obtained.

Write Enabie (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
executed or Vg is removed from the part.

Write (WRITE): :

The WRITE instruction is followed by 16 bits of data to be
written into the specified address. After the last bit of data is
allocated to_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 be held high while loading the WRITE instruction;
however, after loading the WRITE instruction, the PE pin
becomes a “don’t care™. The DO pin indicates the READY/
BUSY status of the chip if CS is brought high after the tcs
internal. 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 been cleared by executing a PRCLEAR instruction.
The WRALL instruction will simultaneously 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 tgg
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 foliow 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 Vyy, 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 be held
high while loading the instruction sequence. Following the
PRREAD instruction the 6- or 8-bit address stored in the
memory protect register is transferred to the serial out shift
register. As in the READ mode, a dummy bit (logical 0) pre-

.cedes the 6- or 8-bit 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)
mode. 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 loading the instruction sequence; howev- B
er, after loading the PRCLEAR instruction, the PRE and PE
pins become “don’t care”. Note that a PREN instruction
must immediately precede a PRCLEAR instruction.
Piease note that the PRCLEAR _instruction and the
PRWRITE 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 aliow 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 registers 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”.

Note that a PREN instruction must immediately precede a
PRDS Instruction.
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4
Instruction Set for the NM93CS06L and NM93CS46L §
Instruction | SB | OpCode | Address [ Data | PRE | PE - Comments 8
(=4
READ 1 10 A5-A0 0 X | Reads data stored in memory, starting at specified address. g
WEN 1 00 11XXXX 0 Enable all programming modes. o
WRITE 1 01 A5-A0 | D15-DO 0 1 | Writes address if unprotected. g
WRALL 1 00 01XXXX | D15-DO 0 1 | Writes all registers. Valid only when Protect Register is E
cleared. : 8
wDS 1 00 00XXXX 0 Disables all programming modes. g
PRREAD 1 10 XXXXXX 1 X | Reads address stored in Protect Register. g
PREN 1 00 1IXXXX 1 1 | Mustimmediately precede PRCLEAR, PRWRITE, and g
PRDS instructions. g
PRCLEAR 1 11 111111 1 1 | Clears the Protect Register so that no registers are
protected from WRITE.
PRWRITE 1 01 AS5-AD 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.

Note: Address bits A5 and A4 become "Don't Care” for the NMS3CS06L..

Instruction Set for the NM93CS56L and NM93CS66L

Instruction | $B | OpCode | Address Data PRE | PE Comments

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

WEN 1 00 11 XKXXXX -0 1. | Enable all programming modes.

WRITE 1 01 A7-AQ D15-D0 0 1 | Writes address if unprotected.

WRALL 1 00 O1XXXXXX | D15-DO | © 1 | Writes all registers. Valid only when Protect Register is
cleared.

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

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

PREN 1 00 T1XXXXXX ‘ 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-A0 1 1 | Programs address into Protect Register. Thereafter,
memory addresses > the address in 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 becomes "Don’t Care" for the NMS3CS56L.
1-75 http://www.national.com
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Timing Diagrams

Synchronous Data Timing
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Timing Diagrams (Continued)
WEN:
PRE = 0,D0 = TRI-STATE
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§ Timing Diagrams (continued) :
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Timing Diagrams Continued)

PREN:
DO = TRI-STATE
(A WEN CYCLE MUST PRECEDE A PREN CYCLE)
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|
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PRCLEAR:
(A PREN CYCLE MUST IMMEDIATELY PRECEDE A PRCLEAR CYCLE)
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Timing Diagrams (Continued) :

PRWRITE:
(A PREN CYCLE MUST IMMEDIATELY PRECEDE A PRWRITE CYCLE.

PRE J

PE

cs o tes

NM93CS06L/CS46L/CS56L/CSE6L

00 BUSY © READY

—twp

TL/D/10044-13

PRDS:
{ONE TIME ONLY INSTRUCTION. A PREN CYCLE MUST IMMEDIATELY PRECEDE A PRDS CYCLE.)
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NATIONAL SEMICOND (LOGIC)

2708

Functional Description (continued)

Mode 2: Master Roset

Sequence of Operation

1. Input and Output Ready, HF and FULL can be in any
state before the reset sequence with Master Reset (MR)
HIGH.

2. Master Reset goes LOW and clears the FIFO, setting up
all essential internal states. Master Reset must be LOW
pulse width tyrw before rising again.

3. Master Reset rises.

LJE D EE bL501122 0075088 T9T EENSCL

4. IR rises (if not HIGH already) to indicate ready to write
state recovery time tymiru after the falling edge of MA.
Both HF and FULL will go LOW indicating an empty FIFO,
oceurring recovery times tyre and tyro respectively af-
ter the falling edge of MR. OR falls recovery time tyroRL
after MR falls. Data at outputs goes LOW recovery time
tMRONL after MR goes LOW.

5. Shift-In can be taken HIGH after a minimum recovery
time tyrsH after MR goes HIGH.

R \

tursiH

XXOOOOOOCXXOOOOOOOXXXXXX)

o XXX,

QOO XXXXXXXX

S0

ture i
o XXX R KKK KR XXX XXX KKK KRN XXX
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QOO XX

u

Si

turoNL i

—

=

TL/F/10144-8

FIGURE 2. Mode of Operation Mode 2
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NATIONAL SEMICOND (LOGIC) bLIE D HE 6501122 0075089 92b EENSCL

N
\.
Functional Description (continued) 8
Mode 3: With FIFO Full, Shift-In is Held HIGH 3. Input Ready goes HIGH one fall-through time, teT, after
in Anticipation of an Empty Location the failing edge of SO. Also, HF goes HIGH one tog after
Sequence of Operation SO falls, indicating that the FIFO is no longer full.
1. The FIFO is initially full and Shift-n goes HIGH. OR is 4. 1R retums LOW pulse width tjp after rising and shifting
initially HIGH. Shift-Out is LOW. IR is LOW. new data in. Also, HF returns LOW pulse width t3F after
2. Shift-Out is puised HIGH, Shift-Out pulse propagates and rising, indicating the FIFO is once more full.
the first data word is latched on the rising edge of SO. OR 5. Shift-in is brought LOW to complete the shift-in process
falls on this edge. On the falling edge of SO, the second and maintain normal operation

data word appears after propagation delay tp. New data
is written into the FIFO after SO goes LOW.

w___ / \
] / - AN

OR \__/

-—'or?tsrﬂ
HF FULL FULL

Dp-Dg X NEW DATA X

~— 1
0p~0g 1st WORD 2nd WORD

Note: MF and FULL are HIGH; OE is LOW.

i Sy S ¥ L1 R Aaks

TL/F/10144-7

FIGURE 3. Modes of Operation Mode 3
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NATIONAL SEMICOND (LOGIC) b1E D ME L501122 0075090 b48 EENSCL

©
o
& | Functional Description continued)
Mode 4: Shift-Out Sequence, FIFO Full to Empty 4. Repeat process through the 64th SO pulse. FULL flag
Secusnce of Operaton oy emper ] i
- . . " . of 33r , indicating thal [
1- FIFO is initially ful and OF Is HIGH, Indlcating vald data full. On the falling edge of the B4th SO, HF goes LOW
put. e . one propagation delay, tog, after SO, indicating the FIFO
2. SO goes HIGH, resulting in OR going LOW one propaga- is empty. The SO pulse may rise and fall again with an
tion delay, toR, after SO rises. OR LOW indicates output attempt to unload an empty FIFO. This results in no
stage is busy. change in the data on the outputs as the 64th word stays
4. SO goes LOW, new data reaches output one propagation latched.

delay, tp, after SO falls; OR goes HIGH one propagation
delay, tog, after SO falls and HF rises one propagation
delay, tor, after SO falls. IR rises one fall-through time,
tFT, after SO falls.

1st PULSE 33rd PULSE 64th PULSE

tsoL
50 ‘3.“:‘50"1'“'/ " ./ \_/l\__
/"\

'oR —y
—{ 720 NV 5o NV an\
_.{n —d G rq4
R " ”
-t
0p=05  1stworD | X 2nd word ¥ X 3¢ X

e tw_.
FuLL - { (o
~ F‘“ . -« ~ [‘of
HF EL 5

TL/F/10144~8

Note: Sl and OE are LOW; MR is HIGH; Do-Dyg are immaterial.
FIGURE 4. Modes of Operation Mode 4
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NATIONAL SEMICOND (LOGIC) LLE D BN L501122 0075091 584 WENSCA

n
~

Functional Description continueq) =

Mode 5: With FIFO Empty, Shift-Out is Heid HIGH 4. Data arrives at output one propagation delay, tops, after

in Anticipation of Data the falling edge of Shift-In.

Sequence of Operation 5. OR goes LOW pulse width top after rising and HF goes

1. FIFO is initially empty; Shift-Out goes HIGH. LOW puise width txg after rising, indicating that the FIFO

2, Shift-In pulse loads data into the FIFO and IR falls. HF is empty once more. _

rises propagation delay txy after the falling edge of SI. 6. Shift-Out goes LOW, necessary to complete the Shift-Out
process.

3. OR rises a fall-through time of tryg after the falling edge
of Shift-In, indicating that new data is ready to be output.
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TL/F/10144-9
Note: FULL is LOW; MR 1s HIGH; OE 1s LOW; toor = tr70 — tops. Data output transition—valid data amves at output stage tpor after OR is HIGH.
FIGURE 5. Modes of Operation Mode 5
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