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®

Commercial X2004 .
K Industrial X20041 512x 8 Bit
Nonvolatile Static RAM
FEATURES is fabricated with the same reliable N-channel floating

® Nonvolatile Data Integrity

¢ Automatic Store Timing

o Store and Array Recall Combined on One
Line (NE)

¢ Enhanced Store Protection

® Infinite E2PROM Array Recall, and RAM
Read and Write Cycles

¢ Single 5V Supply

¢ High Reliability
—Store Cycles: 100,000
—Data Retention: 100 Years

® Fast Access Time: 200 ns Max.

e Automatic Recall on Power-Up

¢ JEDEC Approved Byte-Wide Pinout

DESCRIPTION

The Xicor X2004 is a byte-wide NOVRAM featuring a
high-speed static RAM overlaid bit-for-bit with a nonvol-
atile electrically erasable PROM (E2PROM). The X2004

gate MOS technology used in all Xicor 5V programma-
ble nonvolatile memories. The X2004 features the
JEDEC approved pinout for byte-wide memories, com-
patible with industry standard RAMs, ROMs, EPROMs
and E2PROMSs.

The NOVRAM design allows data to be easily trans-
ferred from RAM to E2PROM (store) and E2PROM to
RAM (recall). With NE LOW, these functions are per-
formed in the same manner as RAM read and write op-
erations. The store operation is completed in 10 ms or
less and the recall operation is completed in 5 us or
less.

Xicor NOVRAMs are designed for uniimited write oper-
ations to RAM, either from the host or recalls from
E2PROM, and a minimum 100,000 store operations to
the E2PROM. Data retention is specified to be greater
than 100 years. Refer to RR-520, RR-504 and RR-515
for details on Xicor nonvolatiie memory endurance and
data retention characteristics.
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X2004, X20041

ABSOLUTE MAXIMUM RATINGS*

*COMMENT
Stresses above those listed under “Absolute Maximum Rat-

L —10°C to +85°C ings” may cause permanent damage to the device. This is a

X2004! ... —65°Cto +135°C stress rating only and the functional operation of the device at
Storage Temperature .................... —65°C to +150°C these or any other conditions above those indicated in the op-
Voltage on any Pin with erational sections of this specification is not implied. Exposure

RespecttoGround........................ —1.0Vto +7V to absolute maximum rating conditions for extended periods
D.C.OutputCurrent...... ... .. ... . ..., 5mA may affect device reliability.
Lead Temperature

(Soldering, 10 Seconds) ..........ccouviiininaa. . 300°C

D.C. OPERATING CHARACTERISTICS
X2004 Tp = 0°C to +70°C, Vgg = +5V 5%, unless otherwise specified.

X20041 T = —40°C to +85°C, Vo = +5V £10%, unless otherwise specified.
Symbol Parameter X2004 Limits X2004 Limits Units Test Conditions
Min. Max. Min. Max.
Icc Ve Current (Active) 100 120 mA | CE = V|,
All Other Inputs = Vo
liyo = O mA
Isg V¢ Current (Standby) 55 90 mA | All Inputs = Vg
liyo = OmA
Iy Input Leakage Current 10 10 prA | Viy = GNDto Voo
Ito Output Leakage Current 10 10 A | Vout = GND to Ve
VL@ Input Low Voltage -1.0 0.8 -1.0 0.8 v
Vi@ Input High Voltage 2.0 Vee +0.5 2.0 Vgg +1.0 \"
VoL Output Low Voltage 0.4 0.4 \ loL = 2.1 mA
VoH Output High Voltage 2.4 2.4 \ loq = —400 A
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
CiroM Input/Qutput Capacitance 10 pF Viyjo = OV
CintM Input Capacitance 6 pF VIN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE | WE | NE | OF Mode 170 Power
Input Bise and 10 ns H X X X Not Selected Qutput High Z Standby
Fall Times L| H|H| L |ReadRAM Output Data Active
'T'}g‘;:];t‘l\%‘f;p“‘ 1.5V L] L [ H] x| wie“1 RAM Input Data High | Active
Output Load ; TEL Gato and t :-_‘ }: ): ZVnte F*0 R‘,IAM I(:put Dat.a Low Actfve
C, = 100 pF rray Reca utput High Z Active
L L L H | Nonvolatile Storing | Output High Z Active
L H H H | Output Disabled Output High Z Active
L L L L | Not Allowed Output High Z Active
L H L H | No Operation Output High Z Active

Notes: (1) This parameter is periodically sampled and not 100% tested.
(2) V)L min. and V|4 max. are for reference only and are not tested.
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X2004, X2004l

ENDURANCE AND DATA RETENTION

Parameter Min. Units Conditions
Endurance 10,000 Data Changes Per Bit Xicor Reliability Reports RR-520 and RR-504
Store Cycles 100,000 Store Cycles Xicor Reliability Reports RR-520 and RR-504
Data Retention 100 Years Xicor Reliability Report RR-515

A.C. CHARACTERISTICS

X2004 Tp = 0°C to +70°C, Voo = +5V 5%, unless otherwise specified.
X2004! To = —~40°C to +85°C, Vo = +5V 1£10%, unless otherwise specified.

Read Cycle Limits

X2004-20 X2004-25 X2004
Symbol Parameter X20041-20 X20041-25 X20041 Units
Min. Max. Min. Max. Min. Max.
tre Read Cycle Time 200 250 300 ns
tce Chip Enable Access Time 200 250 300 ns
taA Address Access Time 200 250 300 ns
toe Output Enable Access Time 70 100 150 ns
L z® Chip Enable to Output in Low 2 10 10 10 ns
tyz®3) Chip Disable to Output in High Z 10 100 10 100 10 100 ns
toLz® Output Enable to Output in Low Z 10 10 10 ns
tonz® Output Disable to Output in High Z 10 100 10 100 10 100 ns
toH Output Hold from Address Change 0 o} 0 ns
Read Cycle
| tre >
ADDRESS :::%( X X
_ - tce————]
ce ﬁ\ //—_
~—tog—»

OE _\\ vy

e Vin

WE |t z—] - tonz

=l toLz |— —»1 lon -+ —tyz
DATA1/0 ——H2 K DATA VALID DATA VALID

0043-4

Note: (3) t, 7 min,, tyz min., to 7 min. and oz min. are periodically sampied and not 100% tested. tyz max. and toHz max. are
measured from the point when CE or OE return high (whichever occurs first) to the time when the outputs are no longer
driven.
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X2004, X20041

Write Cycle Limits

Power ed by | Cni ner.

X2004-20 X2004-25 X2004
Symbol Parameter X20041-20 X20041-25 X20041 Units
Min. Max. Min. Max. Min. Max.
twe Write Cycle Time 200 250 300 ns
tow Chip Enable to End of Write Input 200 250 300 ns
tas Address Setup Time 0 0 0 ns
twp Write Pulse Width 120 150 200 ns
twr Write Recovery Time 0 0 0 ns
tow Data Valid to End of Write 120 150 200 ns
tbH Data Hold Time 0 0 0 ns
twz Write Enable to Output in High Z 10 100 10 100 10 100 ns
tow Output Active from End of Write 10 10 10 ns
toz Output Enable to Output in High Z 10 100 10 100 10 100 ns
WE Controlled Write Cycle
A D ¢ X
. L[S s
C NN AN LA 7/
| —low—2n|
DATA OUT > > =
fon
S ] ———
DATA IN i DATA VALID l
0043-5
CE Controlled Write Cycle
A X X
OE v,
L ANNNNNN AN S X7 //
fe—-ta, Ll
wE L
DATA OUT 27 )) | \// x, AN
o
| pyy =
DATA IN ; DATA VALID 1
0043-6
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X2004, X2004I1

Store Limits
X2004-20 X2004-25 X2004
Symbol Parameter X20041-20 X20041-25 X20041 Units
Min. Max. Min. Max. | Min. | Max.
tstC Store Time 10 10 10 ms
tsp Store Pulse Width 120 150 200 ns
tNHZ Nonvolatile Enable to Output in High Z 100 100 100 ns
toEsT Output Enable from End of Store 10 10 10 ns
tsoe OE Disable to Store Function 20 20 20 ns
tNs NE Setup Time from WE 0 0 0 ns
Store Timing
o tste -
N\ 20 7
J—“ tsoe o [toestT™
OF ] [ N
{ C
WET \ L7007
[ tys e
&\ 200 7 A\
™ tNHz _‘\l
oaTA 170 —(| X  § as
Ve \\vcc MIN (4)

0043-7

Note: (4) X2004 Vgc Min. = 4.75V
X2004| Voc Min. = 4.5V

The Store Puise Width (tsp) is a minimum time that NE, WE and CE must be LOW simultaneously. To insure data
integrity, NE and CE must return HIGH after initiation of and throughout the duration (tstc, 10 ms) of the Store
operation. During tstc, OE and WE may go LOW providing the host system access to other devices in the system.

1-63

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



X2004, X20041

Array Recall Cycle Limits

X2004-20 X2004-25 X2004

Symbol Parameter X20041-20 X20041-25 X2004I Units
Min. Max. Min. Max. Min. Max.
trcc Array Recall Time 5.0 5.0 5.0 us
trep Recall Pulse Width to Initiate Recall 120 150 200 ns
tRwE WE Setup Time to NE 0 0 o} ns
Array Recall Cycle
trec

ADDRESS

trep

NE NN 74
o NN L NNV

CBNANNRNNN Y . I74 NNAVNY

DATA 1/0 A MMMV

0043-8

The Recall Pulse Width (trcp) is a minimum time that NE, OE and CE must be LOW simultaneously. To insure data
integrity, NE and CE must return HIGH after initiation of and through the duration (trcc, 5 ps) of the Recall opera-
tion. During trcc, OE and WE may go LOW providing the host access to other devices in the system.
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X2004, X2004!

PIN DESCRIPTIONS

Addresses (Ag—Ag)

The address inputs select an 8-bit word during a read
or write operation.

Chip Enable (CE)

The Chip Enable input must be LOW to enable all
read/write operations. When CE is HIGH, power con-
sumption is reduced.

Output Enable (OE)

The Output Enable input controls the data output buff-
ers and is used to initiate read and recall operations.
Output Enable LOW disables a store operation regard-
less of the state of CE, WE or NE.

Data In/Data Out (1/0¢-1/07)

Data is written to or read from the X2004 through the
I1/0 pins. The /0 pins are placed in the high imped-
ance state when either CE or OE is HIGH or when NE
is LOW.

Write Enable (WE)
The Write Enable input controls the writing of data to
both the static RAM and stores to the E2PROM.

Nonvolatile Enable (NE)
The Nonvolatile Enable input controls all accesses to
the E2PROM array (store and recali functions).

DEVICE OPERATION

The CE, OE, WE and NE inputs control the X2004 op-
eration. The X2004 byte-wide NOVRAM uses a 2-line
control architecture to eliminate bus contention in a
system environment. The 1/0 bus wilt be in a high im-
pedance state when either OE or CE is HIGH, or when
NE is LOW.

RAM OPERATIONS

RAM read and write operations are performed as they
would be with any static RAM. A read operation

requires CE and OE to be LOW with WE and NE HIGH.
A write operation requires CE and WE to be LOW with
NE HIGH. There is no limit to the number of read or
write operations performed to the RAM portion of the
X2004.

NONVOLATILE OPERATIONS

With NE LOW, recall and store operations are per-
formed in the same manner as RAM read and write op-
erations. A recall operation causes the entire contents
of the E2PROM to be written into the RAM array. The
time required for the operation to complete is 5 us or
less. A store operation causes the entire contents of
the RAM array to be stored in the nonvolatile E2PROM.
The time for the operation to complete is 10 ms or less,
typically 5 ms.

POWER-UP RECALL

Upon power-up (Vcc), the X2004 performs an automat-
ic array recall. When Vg minimum is reached, the re-
call is initiated, regardiess of the state of CE, OE, WE
and NE.

WRITE PROTECTION
The X2004 has four write protect features that are em-
ployed to protect the contents of both the nonvolatile
memory and the RAM.

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

® Combined Signal Noise Protection—A combined WE
and NE (WE ® NE) pulse of less than 20 ns will not
initiate a store cycle.

® Vo Sense—All functions are inhibited when Vg is
<2V.

® Write Inhibit—Holding either OE LOW, WE HIGH, CE
HIGH or NE HIGH during power-up or power-down,
will prevent an inadvertent store operation.
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SYMBOL TABLE

. Part Number | Store Cycles Data Changes WAVEFORM INPUTS OUTPUTS
Per Bit Must be Will be
X2004 100,000 10,000 steady steady
X20041 100,000 10,000 May change Will change
-ﬂ_ from Low to from Low to
High High
May change Will change
—“ from High to from High to
Low Low
Don't Care: Changing :
M Changes State Not
Allowed Known
Center Line
DL v s High
Impedance
Normalized Active Supply Current Normalized Standby Supply Current
vs. Ambient Temperature vs. Ambient Temperature
14 1.4
Ve =5.0V \ Vee =5.0V
3 1.2 P 12
o o
L [
8 10 5 10
< <
= =
[ 4 o
[=] (=]
Z o8 ~] Z o8
0.6 0.6
-55 +25 +125 -55 +25 +125
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
0043-9 0043-10

Normalized Access Time
vs. Ambient Temperature

+125

1.50
Vee = 5.0/
1.25
=
a
]
N 100
«
=
o
[~]
Z o075
0.50
~55 +25
AMBIENT TEMPERATURE (°C)
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