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President’'s Message

Dear Customer:

For Xicor, the company focus is toward achieving the goal of total customer satisfaction. As
part of this effort, being the leader of the exciting field of full-featured E2PROM and NOVRAM
memories, Xicor has charted a course to provide the most extensive product offering to cover
the needs of your company in the field-programmable nonvolatile area. This data book con-
tains data sheets for full-featured E2PROMs, NOVRAMSs, and the revolutionary E2POT poten-
tiometers. These products are typically available in a wide variety of speeds, package types
and both parallel and serial interface configurations. The majority of the products are offered
with extended temperature range, and many comply with all the requirements of Mil-Std-883
Revision C for Class B products. This data book also contains product and process reliability
reports and applications notes.

To date, Xicor has shipped close to 100 million E2PROM and NOVRAM memories to its
customers. Our research and development activities are substantial and will enable us to
continue to introduce innovative products based on the most optimized technology for full-
featured, nonvolatile, field-programmable products. Our worldwide sales, marketing and appli-
cations organizations are dedicated to supporting your requirements. We appreciate your
business and look forward to supplying your present and future requirements.

ﬁ‘((c,__

Raphael Klein
President

October, 1990 Second Edition
' First Printing

Printed in U.S.A.
©® XICOR, INC., 1990
“All Rights Reserved”



Fact Sheets contain information on products under development. Xicor reserves the nght to
change these specifications or modify the product at any time, without notice.

Advanced Data Sheets contain typical product specifications which are subject to change
upon device characterization over the full specified temperature range. Xicor reserves the
right to change these specifications or modify the product at any time, without notice.

Preliminary Data Sheets contain minimum and maximum limits specified over the full tem-
perature range based upon initial production device characterization. Xicor reserves the right
to change these specifications or modify the product at any time, without notice.

Final Data Sheets contain minimum and maximum limits specified over the full temperature
range for production devices.

Contact your local Xicor sales representative to obtain the latest specifications prior to order
placement.

m: and Xicor is a trademark of Xicor, Inc.

Autostore™, E2POTTM and Store-Lock™ are trademarks of Xicor, Inc.
NOVRAM is Xicor's nonvolatile static RAM device.

COPS™ is a trademark of National Semiconductor Corp.

LIMITED WARRANTY

Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification provisions appearing in its Terms of Sale only. Xicor, Inc. makes no
warranty, express, statutory, implied, or by description regarding the information set forth herein or regarding the freedom of the described devices from patent
infringement. Xicor, Inc. makes no warranty of merchantability or fitness for any purpose. Xicor, Inc. reserves the right to discontinue production and change
specifications and prices at any time and without notice.

Xicor, Inc. assumes no responsibility for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, licenses are
implied.

U.S. PATENTS

Xicor products are covered by one or more of the followmg U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 4,314,265; 4,326,134; 4,393,481; 4,404,475;
4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976. Foreign patents and
additional patents pending.

LIFE RELATED POLICY

In situations where semiconductor component failure may endanger life, system designers using this product should design the system with appropriate error

detection and correction, redundancy and back-up features to prevent such an occurrence.

Xicor’s products are not authorized for use as critical components in life support devices or systems.

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 properly used in accordance with instructions for use provided in the labeling, can be reasonably expected to result in a significant
injury to the user.

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 effectiveness.




Precautions for the Handling of MOS Devices

Xicor products are designed with effective input protection to prevent damage to the devices under most conditions.
However, any MOS circuit can be catastrophically damaged by excessive electrostatic discharge or transient volt-
ages. The following procedures are recommended to avoid accidental circuit damage.

I. Testing MOS Circuits: .

1. All units should be handled directly from the conductive or antistatic plastic tube in which they were shipped
if possible. This action minimizes touching of individual leads.

2. If units are to be tested without using the tube carrier, the following precautions should be taken:

a. Table surfaces which potentially will come in contact with the devices either directly or indirectly (such
as through shipping tubes) must be metal or of another conductive material and should be electrically
connected to the test equipment and to the test operator (a grounding bracelet is recommended).

b. The units should be transported in bundled antistatic tubes or metal trays, both of which will assume a
common potential when placed on a conductive table top.

c. Do not band tubes together with adhesive tape or rubber bands without first wrapping them in a conduc-
tive layer.

li. Test Equipment (Including Environmental Equipment):

1. All equipment must be properly returned to the same reference potential (ground) as the devices, the opera-
tor, and the container for the devices.

2. Devices to be tested should be protected from high voltage surges developed by:
a. Turning electrical equipment on or off.
b. Relay switching.

c. Transients from voltage sources (AC line or power supplies).
lll. Assembling MOS Devices Onto PC Boards:

1. The MOS circuits should be mounted on the PC board last.
2. Similar precautions should be taken as in item | above, at the assembly work station.
3. Soldering irons or solder baths should be at the same reference (ground) potential as the devices.

4. Plastic materials which are not antistatic treated should be kept away from devices as they develop and
maintain high levels of static charge.
V. Device Handling:

1. Handling of devices should be kept to a minimum. If handling is required, avoid touching the leads directly.
V. General:

1. The handler should take every precaution that the device will see the same reference potential when moved.

2. Anyone handling individual devices should develop a habit of first touching the container in which the units
are stored before touching the units.

3. Before placing the units into a PC board, the handler should touch the PC board first.

4. Personnel should not wear clothing which will build up static charge. They should wear smocks and clothing
made of 100% cotton rather than wocl or synthetic fibers.

5. Be careful of electrostatic build up through the movement of air over plastic material. This is especially true
of acid sinks.

6. Personnel or operators should always wear grounded wrist straps when working with MOS devices.

7. A 1 meg ohm resistance ground strap is recommended and will protect people up to 5,000 volts AC RMS or
DC by limiting current to 5 milliamperes.

8. Antistatic ionized air equipment is very effective and useful in preventing electrostatic damage.

9. Low humidity maximizes potential static problems. Maintaining humidity levels above 45% is one of the most
effective ways to guard against static handling problems.
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Memory Overview

Since its founding, Xicor has developed and placed into production a wide range of system-al-
terable nonvolatile memory devices. These devices, manufactured with Xicor’s proprietary
state-of-the-art textured triple-poly floating gate process, are available in a variety of architec-
tures (NOVRAM* and E2PROM), interfaces (nibble-wide, byte-wide and serial), densities, and
speeds. Xicor’s success as an innovator and leader in system-alterable nonvolatile memory is
affirmed with an Electronic Product Magazine Product of the Year award in 1980 and again in
1982 for the first 5-volt only NOVRAM and the first 5-volt only full featured E2PROM, respec-
tively.

Lower density E2PROMs and NOVRAMSs have been readily available for a number of years
and have provided unique niche applications solutions. Serial devices have replaced DIP
switches in a wide range of products that offer user selectable operating parameters. Nibble-
wide and byte-wide NOVRAMSs and E2ZPROMs are being used in instrumentation and industri-
al control applications to store calibration data and control information. Communications
equipment has implemented these same devices to store phone numbers in repertory dialers
and antenna positioning equipment.

The list of first generation applications goes on at length; however, with the second genera-
tion represented by the X2864A, the direction of applications began to diverge. The higher
density allowed practical usage of E2PROMs in program and mass data storage. The advent
of the X28256 has pushed this application usage even higher.

Xicor strives to serve the marketplace by providing next generation devices in existing product
areas as evidenced by the X2864B and X2864H high speed 64K E2PROMSs. Similarly, the
X24C16 and X24C04 maintain compatibility with the original X2404 but offer low power opera-
tion over a much wider Vg range.

As designers have gained experience implementing the denser E2PROM devices into system
memories, they have given Xicor feedback on features they would like. Xicor has listened.

Xicor’s response has been active. The issues addressed by the Xicor design team have been:
faster read access time, faster write cycle time, denser memory devices and write protection
mechanisms.

Xicor has also implemented added features via software control rather than “dedicated pin”
hardware control for optional system use. Xicor is committed to providing solutions that nei-
ther hinder nor limit the system designer’s imagination. The products and features shown in
the data sheets in this data book illustrate Xicor’s dedication to listening to you, the designer,
in providing memory design solutions.

*NOVRAM is Xicor's nonvolatile static RAM device.
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1K Commercial X2201A 1024 x 1 Bit
Nonvolatile Static RAM

FEATURES The NOVRAM design allows data to be easily trans-

e Single 5V Supply ferred from RAM to E2PROM (store) and from

¢ Fully TTL Compatible
o Infinite E2PROM Array Recall, RAM Read
and Write Cycles
e Access Time of 300 ns Max.
® Nonvolatile Store Inhibit: Voo = 3V Typical
¢ High Reliability
—Store Cycles: 10,000
—Data Retention: 100 Years

DESCRIPTION

The Xicor X2201A is a 1024 x 1 NOVRAM featuring a
high-speed static RAM overlaid bit-for-bit with a nonvol-
atile E2PROM. The X2201A is fabricated with the same
reliable N-channel floating gate MOS technology used
in all Xicor 5V nonvolatile memories.

E2PROM to RAM (recall). The store operation is com-
pleted in 10 ms or less and the recall is typically com-
pleted in 1 ps.

Xicor NOVRAMSs are designed for unlimited write oper-
ations to RAM, either from the host or recalls from
E2PROM. The E2PROM array is designed for a mini-
mum 10,000 store cycles and inherent data retention is
specified to be greater than 100 years. Refer to
RR-520 and RR-515 for details on Xicor nonvolatile
memory endurance and data retention characteristics.

PIN CONFIGURATION

a1 18 Jwe
a2 17[ A
a3 18 Ja
A s 15[ Jar
al]s X2201A 14 A
Oor[ 18 13] JA
§tore[_|7 12[ Jow
we[]s " j;gﬁ
v [ ]9 10[]cs
0056-1
PIN NAMES
Ag-Ag Address Inputs
Din Data Input
Dout Data Out
WE Write Enable
Cs Chip Select
ARRAY RECALL Array Recall
STORE Store
Vece +5V
Vss Ground

FUNCTIONAL DIAGRAM

NONVOLATILE
E:PROM
MEMORY
ARRAY J
=
A—{F—
a3 A
w
A—{F—] gﬁ €
Ll
A—{F—
* I STATIC RAM
- ) z MEMORY ARRAY
(32 COLUMNS)
D COLUMN 1/0 CIRCUITS 4
Cs—{ffkc COLUMN SELECT | Dour
— 9]
WE—— | £ %
=9 E
RECALL—] | 88 [ ‘P 9
— [S30) f
STORE—— As A A As As Vo Voo

0056-2




X2201A

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature
Voltage on any Pin with

RespecttoGround........................ —1.0Vto +7V
D.C.OutputCurrent.............oiiiiiiiieinnennnn. 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

Ta = 0°Cto +70°C, Voo = +5V £10%, unless otherwise specified.

Symbol Parameter Limits Units Test Conditions
‘ Min. Max.
lcc Power Supply Current 60 mA All Inputs = Vg
liyo = 0mA
Iy Input Load Current 10 HA ViN = GND to Voo
ILo Output Leakage Current 10 pA Vout = GND to Vo
VL@ Input Low Voltage -1.0 0.8 v
VIH® Input High Voltage 20 Vee +1.0 Vv
VoL Output Low Voltage 0.4 \ loL = 42mA
VoH Output High Voltage 2.4 \ loH= —2mA
ENDURANCE AND DATA RETENTION
Parameter Min. Units Conditions
Endurance 1,000 Data Changes Per Bit Xicor Reliability Reports RR-520 and RR-504
Store Cycles 10,000 Store Cycles Xicor Reliability Reports RR-520 and RR-504
Data Retention 100 Years Xicor Reliability Report RR-515
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vo = 5V
Symbol Test Max. Units Conditions
Ciyoh Input/Output Capacitance 8 pF Viyo = OV
oM input Capacitance 6 pF ViN = OV

Notes: (1) This parameter is périodically sampled and not 100% tested.
(2) VL min. and V|4 max. are for reference only and are not tested.




X2201A

A.C. CONDITIONS OF TEST MODE SELECTION ‘
Input Pulse Levels| 0V to 3.0V _ Inputs InputI /OOutput Mode
Input Bise and 10ns CS|WE|ARRAY RECALL | STORE
Fall Times H| x H H |OutputHighZ |Not Selected®
'T':ﬂ::‘garl‘_‘l\%‘l‘;p“t 1.5V L|H H H |OutputData |Read RAM
1 TTL Gate and L|L H H Input Data High | Write “1”” RAM
Output Load CL = 100 pF L|L H H |Input Data Low | Write “0” RAM
X|H L H |Output High Z |Array Recall
H| X L H |OutputHigh Z |Array Recall
X|H H L |OutputHigh Z [Nonvolatile Storing(4)
H| X H L  |Output High Z [Nonvolatile Storing(4)
A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vgg = +5V £10%, unless otherwise specified.
Read Cycle Limits
Symbol Parameter Min. Max. Units
trc Read Cycle Time 300 ns
tA Access Time 300 ns
tco Chip Select to Output Valid 200 ns
toH Output Hold from Address Change 50 ns
1.2(5) Chip Select to Output in Low Z 10 ns
thz(® Chip Deselect to Output in High Z 10 100 ns
Read Cycle
ADDRESS X K
cs __——\e-——tco——»
—>lizf— la—ton—-|  [w—tuz—onf
DATA OUT - K DATA VALID [—’E——

0056-3

Notes: (3) Chip is deselected but may be automatically completing a store cycle.
(4) STORE = I).()is required only to initiate the store cycle, after which the store cycle will be automatically completed

(STORE =

(5) t z min. and tyz min. are periodically sampled and not 100% tested.

1-3




X2201A

Write Cycle Limits
Symbol Parameter Min. Max. Units
twe Write Cycle Time 300 ns
tow Chip Select to End of Write 150 ns
tas Address Setup Time 50 ns
twp Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
toH Data Hold Time 0 ns
twz Write Enable to Output in High Z 10 100 ns
tow Output Active from End of Write 10 ns
Write Cycle
ADDRESS X X
cs AN N L7
[ty — |- twp > -ty -
wE AN A
—tpw—| ton
DATA IN DATA VALID
twz F—fow—b
DATA OUT

0056-4




X2201A

Early Write Cycle

ADDRESS X X

cs A\ .04
|ty g |
WE NOANNK A
<t——tpy—»| ton |—
DATA IN DATA VALID
HIGH Z
DATA OUT
0056-5

Store Cycle Limits

Symbol Parameter Min. Max. Units

tstc Store Time 10 ms

tsTp Store Pulse Width 100 ns

tstz Store to Output in High Z 500 ns

tosT Output Active from End of Store 10 ns
Store Cycle

L ‘:——'sw—_’ STC B I
STORE AN /////),I////T’
—»| g7z |-— —»| tlog7 [
— HiZ /
DATA OUT FF—C LR X
0056-6
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X2201A

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
trce Array Recall Cycle Time 1200 ns
trcp - Recall Pulse Width(6) 450 ns
trcz Recall to Output in High Z 150 ns
torc Output Active from End of Recall 10 ns
tARC Recalled Data Access Time from End of Recall 750 ns
Array Recall Cycle
ADDRESS X X X X X XX XX XX ADDRESSES VALID X
ARRAY RECALL N d
S RO SS Y /
- t »l :
—| tpcz ja— -] topc
DATA OUT Hich 2 DATA UNDEFINED DATAVALID D

00567

Note: (6) Array Recall rise time must be less than 1 ps.




X2201A

PIN DESCRIPTIONS AND DEVICE OPERATION
Addresses (Ag—Ag) '

The address inputs select a memory location during a
read or write operation.

Chip Select (CS)

The Chip Select input must be LOW to enable read/
write operations with the RAM array. CS HIGH will
place the Doyt in the high impedance state.

Write Enable (WE)

The Write Enable input controls the Doyt buffer, deter-
mining whether a RAM read or write operation is en-
abled. WE HIGH enables a read and WE LOW enables
a write.

Data In (Dn)
Data is written into the device via the Dy input.

Data Out (DoyT)

Data from a selected address is output on the Doyt
output. This pin is in the high impedance state when
either CS is HIGH or when WE is LOW.

STORE

The STORE input, when LOW, will initiate the transfer
of the entire contents of the RAM array to the E2PROM
array. The WE and ARRAY RECALL inputs are inhibit-
ed during the store cycle. The store operation will be
completed in 10 ms or less.

A store operation has priority over RAM read/write op-
erations. if STORE is asserted during a read operation,
the read will be discontinued. If STORE is asserted dur-
ing a RAM write operation, the write will be immediately
terminated and the store performed. The data at the
RAM address that was being written will be unknown in
both the RAM and E2PROM.

ARRAY RECALL

The ARRAY RECALL input, when LOW, will initiate the
transfer of the entire contents of the E2PROM array to
the RAM array. The transfer of data will typically be
completed in 1 us or less.

An array recall has priority over RAM read/write opera-
tions and will terminate both operations when ARRAY
RECALL is asserted. ARRAY RECALL LOW will also
inhibit the STORE input.

WRITE PROTECTION

The X2201A has three write protect features that are
employed to protect the contents of the nonvolatile
memory.

® Voo Sense—All functions are inhibited when Vg is
<3V, typically.

® Write Inhibit—Holding either STORE HIGH or ARRAY
RECALL LOW during power-up or power-down will
prevent an inadvertent store operation and E2PROM
data integrity will be maintained. 1t should be noted,;
whichever method is employed, all control inputs
should be stable and the device deselected prior to
release of the controlling protection signal.

® Noise Protection—A STORE pulse of less than 20 ns
(typical) will not initiate a store cycle.

Data Changes
Part Number Store Cycles Per Bit
X2201A 10,000 1,000
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
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
M N/A is High
Impedance




X2201A

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Access Time
vs. Ambient Temperature

NORMALIZED loe

1.4

1.2

v°c =5.0v

1.0

0.8

0.6

\

=55

+25 +125
AMBIENT TEMPERATURE (°C)

0056-8

NORMALIZED Tyy

1.4

Vee =5.0Y,

0.8

0.6

=55

+25 +125
AMBIENT TEMPERATURE (°C)

0056-9




®
. Commercial X2210 :
256 Bit Industrial X22101 64 x 4 Bit
Nonvolatile Static RAM
FEATURES in all Xicor 5V nonvolatile memories. The X2210 fea-
¢ Single 5V Supply tures the JEDEC approved pinout for 4-bit-wide memo-

¢ Fully TTL Compatible
¢ Infinite E2PROM Array Recall, RAM Read
and Write Cycles
® Access Time of 300 ns Max.
® Nonvolatile Store Inhibit: Voc = 3V Typical
¢ High Reliability
—Store Cycles: 100,000
—Data Retention: 100 Years
¢ JEDEC Standard 18-Pin Package

DESCRIPTION

The Xicor X2210 is a 64 x 4 NOVRAM featuring a
high-speed static RAM overlaid bit-for-bit with a nonvol-
atile E2PROM. The X2210 is fabricated with the same
reliable N-channel floating gate MOS technology used

ries, compatible with industry standard RAMs.

The NOVRAM design allows data to be easily trans-
ferred from RAM to E2PROM (store) and from
E2PROM to RAM (recall). The store operation is com-
pleted in 10 ms or less and the recall is typically com-
pleted in 1 ps.

Xicor NOVRAMSs are designed for unlimited write oper-
ations to RAM, either from the host or recalls from
E2PROM. The E2PROM array is designed for a mini-
mum 100,000 store cycles and inherent data retention
is specified to be greater than 100 years. Refer to
RR-520 and RR-515 for details on Xicor nonvolatile
memory endurance and data retention characteristics.

PIN CONFIGURATION

0045-1

PIN NAMES
Ag-As Address Inputs
1/01-1/04 Data Inputs/Outputs
WE Write Enable
CcS Chip Select
ARRAY RECALL Array Recall
STORE Store
Vee +5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM
NONVOLATILE
EiPROM
MORY

TATIC RAM
EMORY ARRAY

STORE
CONTROL Yoo
RECALL )
CALL | “Loaic «-— Ve
10,
10,
1O,
10, A; Ad A5 %
L
cs
WE

0045-2




X2210, X2210

ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias

—-10°C to +85°C

X2210........... :

X22101 .......... —65°Cto +135°C
Storage Temperature —65°C to +150°C
Voltage on a é Pin with

RespecttoGround............ .. cevpunenn. —1.0Vto +7V
D.C.Output Current............0. .. oo 5m,
Lead Temperature

(Soldering, 10 Seconds) ...........coeiiiininn,an.. 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings”: may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any otheér conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X2210 Tp = 0°C to +70°C, Voo = 45V +10%, unless otherwise specified.

X22101 Tp = —40°C to +85°C, Voo = +5V £10%, uniess otherwise specified. .
Symbol Parameter ,X221° Limits ~ X22101 Limits Units Test Conditions
Min. Max. Min. Max. }
lcc Power Supply Current / 50 55 mA | Allinputs = Vg
o R . : Co liyo = 0mA
I Input Load Current 10 10 HA ViN = GND to Ve
Lo Output Leékage Current ) 10 10 #A | Voyt = GNDto Vce
e Input Low Voltage -1.0 0.8 -1.0 0.8 V- s
VIH@ Input High Voltage 20 | Vgg+1.0 | 20 | Vgc +1.0 \
VoL Output Low Voltage 0.4 ~0.4 v lor = 42mA
VoH Output High Voltage 24 2.4 V |loy=-2mA
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 Fietention 100 Years Xicor Reliability Report RR-515

CAPACITANCE Tp = 25°C, f = 1.0 MHz, Voo = 5V

Symbol . Test Max. Units Conditions
. CyoM " Input/Output Capacitance 8 pF Viyo = OV
cintm Input Capacrtance 6 pF VIN = OV

Notes: (1 ) This parameter is penodically sampled and not 100% tested.
(2) VL min. and.V)y max. are for reference’ only and are'not tested.
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X2210, X2210l

A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V Inputs Input Output
e 170 Mode
Input Rise and 10ns S| WE | ARRAY RECALL | STORE
Fall Times H| X H H [OutputHighZ [Not Selected(®)
Input and Output 1.5V L[~ H H |OutputData |Read RAM
Timing Levels n a . | Data fhah W RAM
L 'Input Data Hi rite “1”
Output Load 1 TTL Gate and = c 4
p CL = 100 pF L|L H H [Input Data Low | Write “0” RAM
X|H L H  |Output High Z |Array Recall
H| X L H Output High Z | Array Recall
X|H H L |{OutputHigh Z |Nonvolatile Storing(4)
H| X H ‘L |Output HighZ |Nonvolatile Storing(4)

A.C. CHARACTERISTICS

X2210 Tp = 0°Cto +70°C, Vg = +5V £10%, unless otherwise specified.
X22101 Tp = —40°C to +85°C, Voc = +5V +£10%, unless otherwise specified.

Read Cycle Limits

Symbol Parameter Min. Max. Units
trc Read Cycle Time 300 ns
ta Access Time 300 ns
tco Chip Select to Output Valid 200 " ns
toH Output Hold from Address Change 50 ns
1Lz Chip Select to Output in Low Z 10 ns
tyz(®) Chip Deselect to Output in High Z 10 100 ns
Read Cycle
ADDRESS X X
-t g ——|
cs —_ﬂc—‘co—>
—>{tezf— n—tﬁu—» |tz
DATA 170 K DATA VALID r—"—'-z-—-
‘ 0045-3

Notes: (3) Chip is deselected but may be automatically completing a store cycle.

(4) SST%RE = )L( is required only to initiate the store cycle, after which the store cycle will be automatically completed
(STORE = X).

(5) t z min. and tz min. are periodically sampled and not 100% tested.




X2210, X22101

Write Cycle Limits

Symbol ~ Parameter : Min.  Max. Units
twc Write Cycle Time 300 ns
tow Chip Select to End of Write 150 ns
tas - Address Setup Time 50 ns
twp Write Pulse Width 150 ns
twir Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
tou Data Hold Time X2210 0 ns
X22101 20 ns
twz Write Enable to Output in High Z 10 100 ns
tow Output Active from End of Write 10 ns
Write Cycle
ADDRESS ) & X
cs AN N y.y 4
——ty— |- twp >l typ-»
WE AN N A
tow—»=| ton [et——
DATA IN DATA VALID
twz tow-»
DATA OUT
0045-4




X2210, X2210I

Early Write Cycle

ADDRESS X X

cs I N\ ). 94
|t g g~
WE NN A
«———tow—>| lon |w—vo
DATA IN DATA VALID
HIGH Z
DATA OUT
0045-5

Store Cycle Limits

Symbol Parameter Min. Max. Units

tstc Store Time 10 ms

tsTp Store Pulse Width 100 ns

tsTz Store to Output in High Z 500 ns

tosT Output Active from End of Store 10 ns
Store Cycle

D — - 7l
STORE
R N /////ﬁ),f///’,l’
—_—| tgry |w-— —| tosT [E—
DATA I/0 =z #—CSXK K
0045-6




X2210, X2210I

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
trce Array Recall Cycle Time 1200 ns
trop Recall Pulse Width(6) 450 ns
trcz Recall to Output in High Z 150 ns
torc Output Active from End of Recall 10 ns
tarc Recalled Data Access Time from End of Recall 750 ns

Array Recall Cycle

ADDRESS KX XK XXKAXXXX ADDRESSES VALID X
ARRAY RECALL . yd
SN O NN NS /
e ———
—| lacz |e— ——| topc }t—o
DATA I/0 HiGHZ DATA UNDEFINED DATAVALID e

0045-7

Note: (6) Array Recall rise time must be less than 1 ps.




X2210, X2210I

PIN DESCRIPTIONS AND DEVICE OPERATION
Addresses (Ag-As)

The address inputs select a 4-bit memory location dur-
ing a read or write operation.

Chip Select (CS)

The Chip Select input must be LOW to enable read/
write operations with the RAM array. CS HIGH will
place the 1/0 pins in the high impedance state.

Write Enable (WE)

The Write Enable input controls the 1/0 buffers, deter-
mining whether a RAM read or write operation is en-
abled. WE HIGH enables a read and WE LOW enables
a write.

Data In/Data Out (1/01-1/04)

Data is written to or read from the X2210 through the
I1/0 pins. The 1/0 pins are placed in the high imped-
ance state when either CS is HIGH or during either a
store or recall operation.

STORE

The STORE input, when LOW, wil! initiate the transfer
of the entire contents of the RAM array to the E2PROM
array. The WE and ARRAY RECALL inputs are inhibit-
ed during the store cycle. The store operation will be
completed in 10 ms or less.

A store operation has priority over RAM read/write op-
erations. If STORE is asserted during a read operation,
the read will be discontinued. If STORE is asserted dur-
ing a RAM write operation, the write will be immediately
terminated and the store performed. The data at the
RAM address that was being written will be unknown in
both the RAM and E2PROM.

ARRAY RECALL

The ARRAY RECALL input, when LOW, will initiate the
transfer of the entire contents of the E2PROM array to
the RAM array. The transfer of data will typically be
completed in 1 us or less.

An array recall has priority over RAM read/write opera-
tions and will terminate both operations when ARRAY
RECALL is asserted. ARRAY RECALL LOW will also
inhibit the STORE input.

WRITE PROTECTION

The X2210 has three write protect features that are
employed to protect the contents of the nonvolatile
memory.

® Vo Sense—All functions are inhibited when Vg is
<3V, typically.

® Write Inhibit—Holding either STORE HIGH or ARRAY
RECALL LOW during power-up or power-down will
prevent an inadvertent store operation and E2PROM
data integrity will be maintained. It should be noted,;
whichever method is employed, all control inputs
should be stable and the device deselected prior to
release of the controlling protection signal.

¢ Noise Protection—A STORE pulse of less than 20 ns

(typical) will not initiate a store cycle.

Data Changes
Part Number Store Cycles Per Bit
X2210
X2210l 10,000 1,000
X2210/5
X22101/5 50,000 5,000
X2210/10
X22101/10 100,000 10,000
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
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 :
XXXXX Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance




X2210, X2210I

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Access Time
vs. Ambient Temperature

" NORMALIZED ¢

1.4

\ Vee=5.0V
12

1.0

0.8

N

0.6
=55

+25 +125
AMBIENT TEMPERATURE (°C)

0045-8

NORMALIZED Ty,

1.50

1.25

Voo =5.0V

1.00

0.75

0.50
=55

+25 +125
AMBIENT TEMPERATURE (°C)
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®

256 Bit Commercial X2210A 64 x 4 Bit
Nonvolatile Static RAM

FEATURES in all Xicor 5V nonvolatile memories. The X2210A fea-

e Single 5V Supply tures the JEDEC approved pinout for 4-bit-wide memo-

o Fully TTL Compatible

¢ JEDEC Standard 18-Pin Package

¢ Infinite E2PROM Array Recall, RAM Read
and Write Cycles

e Access Time of 250 ns Max.

¢ Nonvolatile Store Inhibit: Voc = 3V Typical

¢ 100 Year Data Retention

DESCRIPTION

The Xicor X2210A is a 64 x 4 NOVRAM featuring a
high-speed static RAM overlaid bit-for-bit with a nonvol-
atile E2PROM. The X2210A is fabricated with the same
reliable N-channel floating gate MOS technology used

ries, compatible with industry standard RAMs.

The NOVRAM design allows data to be easily trans-
ferred from RAM to E2PROM (store) and from
E2PROM to RAM (recall). The store operation is com-
pleted in 10 ms or less and the recall is typically com-
pleted in 1 us.

Xicor NOVRAMs are designed for unlimited write oper-
ations to RAM, either from the host or recalls from
E2PROM. The E2PROM array is designed for a mini-
mum 10,000 store cycles. Data retention is specified to
be greater than 100 years.

PIN CONFIGURATION

Ne[) 18] Jwec

A4|: 2 17[ Ine

a s 18] _As

A |a 15[ J10a

al]s o Mvos

a.[|e 13[Jvo.

cs[]7 12[ o,

vs[ |8 n[Jwe

STORE [ |0 1 %_:%:LLL
0128-1
PIN NAMES

Ap—-As Address Inputs
1/01-1/04 Data Inputs/Outputs
WE Write Enable
CSs Chip Select
ARRAY RECALL Array Recall
STORE Store
Voo +5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM

fo——L5—
L D> S—
a——

STORE

RECALL

0,
INPUT

10, DATA
CONTROL

40,

10,

. B
WE

Yy

0128-2




X2210A

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias................... —10°C to +85°C
Storage Temperature ............ .—65°Cto +150°C
Voltage on any Pin with
RespecttoGround........................ —-1.0Vto +7V
D.C.QutputCurrent ............coovviiiiiiiiiininnn 5mA
Lead Temperature
(Soldering, 10Seconds) ............cvoevrinnnnn.n. 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

Ta = 0°Cto +70°C, Vgc = +5V +£5%, unless otherwise specified.

Symbol Parameter Limits Units Test Conditions
Min. Max.
lcc Power Supply Current 50 mA All Inputs = Voo
liyo = 0mA
I Input Load Current 10 HA ViN = GND to Vg
ILo Output Leakage Current 10 HA Vout = GND to Vg
ViL Input Low Voltage -1.0 0.8 \
ViH Input High Voltage 2.0 Vcc +0.5 \
VoL Output Low Voltage 0.4 \' loL = 42mA
VoH Output High Voltage 24 v lon= —2mA
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vgg = 5V
Symbol Test Max. Units Conditions
Ciso") Input/Output Capacitance 8 pF Vijo = OV
CciN Input Capacitance 6 pF Vin = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0OV to 3.0V Inputs Input Output Mode
Input Rise and 1ons CS|WE|ARRAY RECALL | STORE 170
Fall Times H| x| H H [OutputHighZ [NotSelected®
!I',:z::‘;':_de\z'gp”" 1.5V L] H H H |output Data. Re'ad ‘ITIA:,M
Output Load ] T'I-'_L Gato and II: ll: : : :nput Data High Wr!te “1 - RAM
CL = 100 pF nput Data Low | Write “0” RAM
X|H L H Output High Z | Array Recall
H| X L H Output High Z | Array Recall
X|H H L |Output HighZ |Nonvolatile Storing(®)
H| X H L |OutputHighZ |Nonvolatile Storing(3)

Notes: (1) This parameter is periodically sampled and not 100% tested.
(2) Chip is deselected but may be automatically completing a store cycle.

(3) STORE =
(STORE

L)is required only to initiate the store cycle, after which the store cycle will be automatically completed
X).
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X2210A

A.C. CHARACTERISTICS
Ta = 0°Cto +70°C, Voo = +5V +5%, unless otherwise specified.

Read Cycle Limits

Symbol Parameter Min. Max. Units
trc Read Cycle Time 250 ns
ta Access Time 250 ns
tco Chip Select to Output Valid 200 ns
toH Output Hold from Address Change 50 ns
tLz Chip Select to Output in Low Z 10 ns
tHz Chip Deselect to Output in High Z 10 100 ns
Read Cycle
ADDRESS ) 4 X
cs ‘Q—'co—-'
et [ a—ton —| tuz—a]
HIZ
DATA 170 K DATA VALID
0128-3




X2210A

Write Cycle Limits

Symbol Parameter " Min. Max. Units
twe Write Cycle Time 250 ns
tow Chip Select to End of Write 150 ns
tas Address Setup Time 50 ns
twp Wirite Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
tpH Data Hold Time 0 ns
twz Write Enable to Output in High Z 10 100 ns
tow Output Active from End of Write 10 ns
Write Cycle
ADDRESS i )F X
cs AN y. Y. V4
‘<—3-o - twe s Ry .vmA
WE AN ' ) 4
tow—»| ton
DATA IN DATA VALID
twz tow-»]
DATA OUT
0128-4
Early Write Cycle
ADDRESS X X
cs N .4
|ty g
WE NN A
——tpy—| ton [@——0
DATA IN XXX DATA VALID
HIGH Z
DATA OUT
0128-5
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X2210A

Store Cycle Limits

Symbol Parameter Min. Max. Units

tstc Store Cycle Time 10 ms

tstp Store Pulse Width 100 ns

tstz Store to Output in High Z 500 ns

tost Output Active from End of Store 10 ns
Store Cycle

- 1,
- 'STC

STORE—\ T T T TN T T 7 ',['

tsrz  |@—o —

——— HIZ
DATA I/0 //—-m'( K

.

0128-6
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X2210A

Array Recall Cycle Limits

Symbol ' Parameter Min. Max. Units
trce Array Recall Cycle Time 1200 ns
trcp Recall Pulse Width(4) 450 . ns
trcz Recall to Outputin HighZz - ) 150 ns
torc Output Active from End of Recall 10 , ns
taRrc Recalled Data Access Time from End of Recall 750 ns

Array Recall Cycle

' oy
ADDRESS ADDRESSES VALID
: 1
ARRAY RECALL \ 4
S N AN NN NNANNNY /
| ——————————{ spc
—| tacz |[@&— ——| topc |@—
DATA 1/0 Highz DATA UNDEFINED DATAVALID D

0128-7

Note: (4) Array Recall rise time must be less than 1 us.
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X2210A

PIN DESCRIPTIONS AND DEVICE OPERATION
Addresses (Ag-As)

The address inputs select a 4-bit memory location dur-
ing a read or write operation.

Chip Select (CS)

The Chip Select input must be LOW to enable read/
write operations with the RAM array. CS HIGH will
place the 1/0 pins in the high impedance state.

Write Enable (WE)

The Write Enable input controls the 1/0 buffers, deter-
mining whether a RAM read or write operation is en-
abled. WE HIGH enables a read and WE LOW enables
a write.

Data In/Data Out (1/01=1/0y4)

Data is written to or read from the X2210A through the
170 pins. The 1/0 pins are placed in the high imped-
ance state when either CS is HIGH or during either a
store or recall operation.

STORE

The STORE input, when LOW, will initiate the transfer
of the entire contents of the RAM array to the E2PROM
array. The WE and ARRAY RECALL inputs are inhibit-
ed during the store cycle. The store operation will be
completed in 10 ms or less.

A store operation has priority over RAM read/write op-
erations. If STORE is asserted during a read operation,
the read will be discontinued. If STORE is asserted dur-
ing a RAM write operation, the write will be immediately
terminated and the store performed. The data at the
RAM address that was being written will be unknown in
both the RAM and E2PROM.

ARRAY RECALL

The ARRAY RECALL input, when LOW, will initiate the
transfer of the entire contents of the E2PROM array to
the RAM array. The transfer of data will typically be
completed in 1 us or less.

An array recall has priority over RAM read/write opera-
tions and will terminate both operations when ARRAY
RECALL is asserted. ARRAY RECALL LOW will also
inhibit the STORE input.

WRITE PROTECTION

The X2210A has three write protect features that are
employed to protect the contents of the nonvolatile
memory.

® Voo Sense—Ali functions are inhibited when Vg is
<3V, typically.

® Write Inhibit—Holding either STORE HIGH or
RECALL LOW during power-up or power-down will
prevent an inadvertent store operation and E2PROM
data integrity will be maintained.

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

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or typical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide during data changes, Xicor NOVRAMs are de-
signed to minimize the number of changes an E2PROM
bit cell undergoes during store operations. Only those
bits in the E2PROM that are different from their corre-
sponding location in the RAM will be “cycled” during a
nonvolatile store. This characteristic reduces unneces-
sary cycling of any of the rest of the bits in the array,
thereby increasing the potential endurance of each bit
and increasing the potential endurance of the entire ar-
ray. Reliability data documented in RR-504, the Xicor
Reliability Report on Endurance, and additional reports
are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2210A 10,000 1,000
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®
Commercial X2212 .
K Industrial X22121 256 x 4 Bit
Nonvolatile Static RAM
FEATURES in all Xicor 5V nonvolatile memories. The X2212 fea-
o Single 5V Supply tures the JEDEC approved pinout for 4-bit-wide memo-

® Fully TTL Compatible
o Infinite E2PROM Array Recall, RAM Read
and Write Cycles
¢ Access Time of 300 ns Max.
¢ Nonvolatile Store Inhibit: Voo = 3V Typical
¢ High Reliability
—Store Cycles: 100,000
—Data Retention: 100 Years
¢ JEDEC Standard 18-Pin Package

DESCRIPTION

The Xicor X2212 is a 256 x 4 NOVRAM featuring a
high-speed static RAM overlaid bit-for-bit with a nonvol-
atile E2PROM. The X2212 is fabricated with the same
reliable N-channel floating gate MOS technology used

ries, compatible with industry standard RAMSs.

The NOVRAM design allows data to be easily trans-
ferred from RAM to E2PROM (store) and from
E2PROM to RAM (recall). The store operation is com-
pleted in 10 ms or less and the recall is typically com-
pleted in 1 ps.

Xicor NOVRAMs are designed for unlimited write oper-
ations to RAM, either from the host or recalls from
E2PROM. The E2PROM array is designed for a mini-
mum 100,000 store cycles and inherent data retention
is specified to be greater than 100 years. Refer to
RR-520 and RR-515 for details on Xicor nonvolatile
memory endurance and data retention characteristics.

PIN CONFIGURATION

[ | 18 b Ve

A2 17[ ] A

A3 16 ]As

A |4 18] J1/0s

af |5 x2212 14] Jvo,

A )e 13 Jwo,

es[]7 12[Jvo,

vs[]8 n[ | we

STORE[_| o 1] ;ﬁ%
0058-1
PIN NAMES

Ag-Az Address Inputs
1/01-1/04 Data Inputs/Outputs
WE Write Enable
Cs Chip Select
ARRAY RECALL Array Recall
STORE Store
Vee + 5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM

NONVOLATILE
E2PROM

0058-2
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X2212, X22121

ABSOLUTE MAXIMUM RATINGS*

—10°Cto +85°C

X22120 . oiii e —65°C to +135°C
Storage Temperature .................... —65°Cto +150°C
Voltage on any Pin with

RespecttoGround.................ovunen —-1.0Vto +7V
DC.OutputCurrent..............oiiiiiiiiiiiiien, S5mA
Lead Temperature

(Soldering, 10Seconds) ........c.cvvveverenenennnnn 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “‘Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X2212 Tp = 0°Cto +70°C, Vgc = +5V +10%, unless otherwise specified.
X22121 Tpo = —40°C to +85°C, Voo = +5V +10%, unless otherwise specified.

Symbol Parameter X2212 Limits X22121 Limits Units Test Conditions
Min. Max. Min. Max.
lcc Power Supply Current 60 70 mA All Inputs = Vg
liyo = OmA
L Input Load Current 10 10 pA ViN = GND to Vg
Lo Output Leakage Current 10 10 pA | Voutr = GNDto Ve
ViL@ Input Low Voltage -1.0 0.8 -1.0 0.8 v
ViH@ Input High Voltage 20 | Veg+10 | 20 | Vgc +1.0 \"
VoL Output Low Voltage 0.4 0.4 \" loL = 42mA
VoH Output High Voltage 2.4 24 v loH= —2mA
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
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vcg = 5V
Symbol Test Max. Units Conditions
CisoM Input/Output Capacitance 8 pF Vijo = OV
Cin(M Input Capacitance 6 pF ViN = OV

Notes: (1) This parameter is periodically sampled and not 100% tested.
(2) Vi min. and V;y max. are for reference only and are not tested.
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X2212, X2212|

A.C. CONDITIONS OF TEST

MODE SELECTION

Input Pulse Levels| 0V to 3.0V Inputs Input Output Mode
Input Rise and ons CS|WE|ARRAY RECALL | STORE 7o
Fall Times H x H H |OutputHighZ |NotSelected®
g}ﬁ:;:’i‘i\%gp”‘ 1.5V L|H H H |OutputData |Read RAM
17TL Gate and L] L H H Input Data High | Write “‘1”” RAM
Output Load CL = 100 pF L|L H H |Input Data Low | Write “0” RAM
X|H L H  {Output High Z |Array Recall
H| X L H Output High Z | Array Recall
X|H H L |OutputHigh Z |Nonvolatile Storing(4)
H| X H L |OutputHighZ |Nonvolatile Storing(4)

A.C. CHARACTERISTICS

X2212 Tp = 0°C to +70°C, Voo = +5V £10%, unless otherwise specified.
X22121 Tp = —40°C to +85°C, Vgc = +5V £10%, unless otherwise specified. -

Read Cycle Limits

Symbol Parameter Min. Max. Units
tre Read Cycle Time 300 ns
ta Access Time 300 ns
tco Chip Select to Output Valid 200 ns
toH Output Hold from Address Change 50 ns
L z(5) Chip Select to Output in Low Z 10 ns
tHz(5) Chip Deselect to Output in High Z 10 100 ns
Read Cycle

- tpc >
ADDRESS ) @ X

B ] ———————

cs e—tee—
—t 7 f— la—ton tz->]
HIZ
DATA1/0 K DATA VALID
0058-3

Notes: (3) Chip is deselected but may be automatically completing a store cycle.

4) Sg%FI‘RETE = L)is required only to initiate the store cycle, after which the store cycle will be automatically completed
(ST = X).

(5) t .z min. and tyz min. are periodically sampled and not 100% tested.
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X2212, X2212|

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 300 ns
tow Chip Select to End of Write 150 ns
tas Address Setup Time 50 ns
twp Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
tpH Data Hold Time X2212 ° ns

X2212| 20 ns
twz Write Enable to Output in High Z 10 100 ns
tow Output Active from End of Write 10 ns

Write Cycle
ADDRESS X X
R L ———
cs Y\ ALLAS
——tas— | ——twp >l tyn->
WE N A
t—tpw—| ton [——
DATA IN DATA VALID
twz <tow

DATA OUT

0058-4
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X2212, X2212I

Early Write Cycle
ADDRESS X X
cs i? L/
[ty g——
WE NN A
«—tpy—»| toH |€—
DATA IN DATA VALID
HIGH Z
DATA OUT
0058-5
Store Cycle Limits
Symbol Parameter Min. Max. Units
tstc Store Time 10 ms
tsTp Store Pulse Width 100 ns
tsTZ Store to Output in High Z 500 ns
tosT Output Active from End of Store 10 ns
Store Cycle
D - i
STORE
X\ (T 777 W7 77X
—_— tgyz |-— —| tosr |—
DATA 1/0 =2 H—SKS K
0058-6
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X2212, X2212|

Array Recall Cycle Limits

S AN SN NN

Symbol Parameter Min. Max. Units
trce Array Recall Cycle Time 1200 ns
trcP Recall Pulse Width(6) 450 ‘ns
trcz Recall to Output in High Z 150 ns
tore Output Active from End of Recall 10 ns
taRc Recalled Data Access Time from End of Recall 750 ns
Array Recall Cycle
e ;'L
ADDRESS w ADDRESSES WALID
ARRAY R_EcAI.I. )\ JV

—

>—

ry oy |
—| lrez |t—o —— topc je—
DATA 170 HIGH z DATA UNDEFINED DATA VALID

0058-7

Note: (6) Array Recall rise time must be less than 1 ps.
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X2212, X2212|

PIN DESCRIPTIONS AND DEVICE OPERATION
Addresses (Ap-A7)

The address inputs select a 4-bit memory location dur-
ing a read or write operation.

Chip Select (CS)

The Chip Select input must be LOW to enable read/
write operations with the RAM array. CS HIGH will
place the 1/0 pins in the high impedance state.

Write Enable (WE)

The Write Enable input controls the |/0O buffers, deter-
mining whether a RAM read or write operation is en-
abled. WE HIGH enables a read and WE LOW enables
a write.

Data In/Data Out (1/01-1/04)

Data is written to or read from the X2212 through the
I/0 pins. The 1/0 pins are placed in the high imped-
ance state when either CS is HIGH or during either a
store or recall operation.

STORE

The STORE input, when LOW, will initiate the transfer
of the entire contents of the RAM array to the E2PROM
array. The WE and ARRAY RECALL inputs are inhibit-
ed during the store cycle. The store operation will be
completed in 10 ms or less.

A store operation has priority over RAM read/write op-
erations. If STORE is asserted during a read operation,
the read will be discontinued. If STORE is asserted dur-
ing a RAM write operation, the write will be immediately
terminated and the store performed. The data at the
RAM address that was being written will be unknown in
both the RAM and E2PROM.

ARRAY RECALL

The ARRAY RECALL input, when LOW, will initiate the
transfer of the entire contents of the E2PROM array to
the RAM array. The transfer of data will typically be
completed in 1 us or less.

An array recall has priority over RAM read/write opera-
tions and will terminate both operations when ARRAY
RECALL is asserted. ARRAY RECALL LOW will also
inhibit the STORE input.

WRITE PROTECTION

The X2212 has three write protect features that are
employed to protect the contents of the nonvolatile
memory.

® Vcc Sense—All functions are inhibited when Vg is
<3V, typically.

® Write Inhibit—Holding either STORE HIGH or
ARRAY RECALL LOW during power-up or power-
down will prevent an inadvertent store operation
and E2PROM data integrity will be maintained. It
should be noted; whichever method is employed,
all control inputs should be stable and the device
deselected prior to release of the controlling pro-
tection signal.

® Noise Protection—A STORE pulse of less than 20 ns
(typical) will not initiate a store cycle.

Data Changes
Part Number Store Cycles Per Bit
X2212
X2212| 10,000 1,000
X2212/5
X29121/5 50,000 5,000
X2212/10
X22121/10 100,000 10,000
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
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 :
WXXXK  cranges” Sten
Allowed Known
Center Line
K is High
Impedance




X2212, X2212I

Normalized Active Supply Current

vs. Ambient Temperature

Normalized Access Time
vs. Ambient Temperature

NORMALIZED Ioc

.07

1.6

Ve =5.0V

0.4
=55

+25 +125
AMBIENT TEMPERATURE (°C)

0058-8

NORMALIZED Ty,

1.8

VCC =5.0V

1.0

0.6

0.2
=55

*25 +125
AMBIENT TEMPERATURE (°C)

0058-9
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®
1K Commercial X2212A 256 x 4 Bit
Nonvolatile Static RAM
FEATURES in all Xicor 5V nonvolatile memories. The X2212A fea-
e Single 5V Supply tures the JEDEC approved pinout for 4-bit-wide memo-
e Fully TTL Compatible ries, compatible with industry standard RAMs.

e JEDEC Standard 18-Pin Package

o Infinite E2PROM Array Recall, RAM Read
and Write Cycles

® Access Time of 250 ns Max.

© Nonvolatile Store Inhibit: Voc = 3V Typical

¢ 100 Year Data Retention

DESCRIPTION

The Xicor X2212A is a 256 x 4 NOVRAM featuring a
high-speed static RAM overlaid bit-for-bit with a nonvol-
atile E2PROM. The X2212A is fabricated with the same
reliable N-channel floating gate MOS technology used

The NOVRAM design allows data to be easily trans-
ferred from RAM to E2PROM (store) and from
E2PROM to RAM (recall). The store operation is com-
pleted in 10 ms or less and the recall is typically com-
pleted in 1 ps.

Xicor NOVRAMSs are designed for unlimited write oper-
ations to RAM, either from the host or recails from
E2PROM. The E2PROM array is designed for a mini-
mum 10,000 store cycles. Data retention is specified to
be greater than 100 years.

PIN CONFIGURATION

a [ 18] ] ee

a2 17[ A

a3 16 A

A |4 15 ]1/0q

alls xazzA 1a[Jvo,

A e 13[Jvo.

oS |7 12[ o,

ves[]8 1] | WE
STORE[ |9 1 m_:h

0129-1
PIN NAMES

Ag-A7 Address Inputs
1/04-1/04 Data Inputs/Outputs
WE Write Enable
CS Chip Select
ARRAY RECALL Array Recall
STORE Store
Vee +5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM

NONVOLATILE
E:PROM

H sTone

A 2 4 ARRAY
L7 T{RecalL
A ]
STATIC RAM
A MEMORY ARRAY
STORE
+— Veo
RECALL
- Vs
COLUMN
110, 1/0 CIRCUTS
110, p
COLUMN SELECT
110,
1o, o A A
A
& y
WE
0129-2
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X22 12A

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature

—10°Cto +85°C

—65°C to +150°C

Voltage on any Pin with
Respectto Ground............0........000 —=1.0Vto +7V
DC.OutputCurrent.............oiviiiiniiininnnnn, 5mA
Lead Temperature
- (Soldering, 10 Seconds) ... ..o i . iii il 300°C

D.C. OPERATING CHARACTERISTICS

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

ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability. o

Ta = 0°Cto +70°C, Voo = +5V 1£5%, unless otherwise specified.

Symbol Parameter Limits Units Test Conditions
B C Min. Max.
lcc Power Supply Current ‘ ' 60 mA Allinputs = Voo
liyo = 0 mA
Iy Input Lbad Current 10 pA ViN = GND to Vo
o - Output Leakage Current 10 pA Vout = GND to Vgc
Vi Input Low Voltage -1.0 0.8 Y
VIH Input High Voltage 2.0 Vce +0.5 \
VoL Output Low Voltage 0.4 \ loL = 4.2 mA
VoH Output High Voltage. 24 \ loH = —2mA
CAPACITANCE Ta = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test. Max. Units Conditions
“CiyolM) Input/Output Capacitance 8 pF Vijo = OV
CiN Input Capacitance 6 pF VN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse«‘Lgvels 0V to 3.0V __ § Inputs Inpu: /C())utput Mode
Input Bise and 10ns CS|{WE|ARRAY RECALL | STORE
Fall Times . H| x H H |OutputHighZ |Not Selected(@
';}f;;;’;_‘i\%gpm 15V LH H H |OutputData [Read RAM
. D: i ite “1”
Output Load éTEL Gate and :: t : : ::PU: Datt: Elgh xr:e g :2::
L = 100 pF put Data Low |Write
: i X[H L H- |Output High Z |Array Recall
H{ X L H [OutputHigh Z |Array Recall
X|H H L |OutputHighZ |Nonvolatile Storing(@
Hj X H L  jOutput High Z |Nonvolatile Storing(3)

Notes: (1) This parameter is periodically sampled and not 100% tested.
(2) Chip is deselected but may be automatically completing a store cycle.

(3) STORE
(STORE

L is required only to initiate the store cycle, after which the store cycle will be automatically completed




X2212A

A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Voo = +5V 5%, unless otherwise specified.

Read Cycle Limits
Symbol Parameter -~ Min. Max. Units
trc Read Cycle Time ' 250 ns
ta Access Time 250 ns
tco Chip Select to Output Valid 200 ns
toH Output Hold from Address Change 50 ns
14 Chip Select to Output in Low Z 10 ns
tHz Chip Deselect to Output in High Z 10 100 ns
Read Cycle
ADDRESS X K
- ta —
cs D N—"—
— >t f— lt—ton—o| thz—]
K DATA VALID L

DATA I/0

0129-3
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X2212A

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 250 ns
tow Chip Select to End of Write 150 ns
tas Address Setup Time 50 ns
twp Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tpw Data Valid to End of Write 100 ns
toH Data Hold Time 0 ] ns
twz Write Enable to Output in High Z 10 100 ns
tow Output Active from End of Write 10 ns
Write Cycle
ADDRESS ) & X
cs AN L77X7
we NN S
tow—=| ton
DATA IN DATA VALID
twz a-tow->
DATA OUT
0129-4
Early Write Cycle
ADDRESS X X
cs AN Ll
|t p g =]
WE AN A
——tpy——>| ton |—o
DATA IN DATA VALID
HIGH Z
DATA OUT
0129-5
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X2212A

Store Cycle Limits

Symbol Parameter Min. Max. Units
tstc Store Cycle Time 10 ms
tsTp Store Pulse Width 100 ns
tstz Store to Output in High Z 500 ns
tosT Output Active from End of Store 10 ns
Store Cycle
- tsre i
STORE 4
RN //7//)}1//2”

—_—| gy |e— —»| togr |[@—

oaTA/0 | XXX K
0129-6
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X2212A

Array Recall Cycle Limits

Symbol Parameter

Min. Max. Units
trcc Array Recall Cycle Time 1200 ns
trcp Recall Pulse Width(4) 450 ns
trcz Recall to Output in High 2 150 ns
torc Output Active from End of Recall 10 ns
taRc Recalled Data Access Time from End of Recall 750 ns

Array Recall Cycle
ADDRESS MO IXNX XXX ADDRESSES VALID ¢
ARRAY RECALL N AV
NN NNNNNY /
| —————————lanc
—| tacz |@— —| topc j@—
DATA 170 HiGH 2 DATA UNDEFINED DATAVALID D
0129-7

Note: (4) Array Recall rise time must be less than 1 ps.
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X2212A

PIN DESCRIPTIONS AND DEVICE OPERATION
Addresses (Ag-A7)

The address inputs select a 4-bit memory location dur-
ing a read or write operation.

Chip Select (CS)

The Chip Select input must be LOW to enable read/
write operations with the RAM array. CS HIGH will
place the 1/0 pins in the high impedance state.

Write Enable (WE)

The Write Enable input controls the I/0O buffers, deter-
mining whether a RAM read or write operation is en-
abled. WE HIGH enables a read and WE LOW enables
a write.

Data In/Data Out (1/01-1/04)

Data is written to or read from the X2212A through the
170 pins. The /0 pins are placed in the high imped-
ance state when either CS is HIGH or during either a
store or recall operation.

STORE

The STORE input, when LOW, will initiate the transfer
of the entire contents of the RAM array to the E2PROM
array. The WE and ARRAY RECALL inputs are inhibit-
ed during the store cycle. The store operation will be
completed in 10 ms or less.

A store operation has priority over RAM read/write op-
erations. If STORE is asserted during a read operation,
the read will be discontinued. If STORE is asserted dur-
ing a RAM write operation, the write will be immediately
terminated and the store performed. The data at the
RAM address that was being written will be unknown in
both the RAM and E2PROM.

ARRAY RECALL

The ARRAY RECALL input, when LOW, will initiate the
transfer of the entire contents of the E2PROM array to
the RAM array. The transfer of data will typically be
completed in 1 us or less.

An array recall has priority over RAM read/write opera-
tions and will terminate both operations when ARRAY
RECALL is asserted. ARRAY RECALL LOW will also
inhibit the STORE input.

WRITE PROTECTION

The X2212A has three write protect features that are
employed to protect the contents of the nonvolatile
memory.

® Ve Sense—All functions are inhibited when Vg is
<3V, typically.

® Write Inhibit—Holding either STORE HIGH or
RECALL LOW during power-up or power-down will
prevent an inadvertent store operation and E2PROM
data integrity will be maintained.

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

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or typical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide during data changes, Xicor NOVRAMs are de-
signed to minimize the number of changes an E2PROM
bit cell undergoes during store operations. Only those
bits in the E2PROM that are different from their corre-
sponding location in the RAM will be “cycled” during a
nonvolatile store. This characteristic reduces unneces-
sary cycling of any of the rest of the bits in the array,
thereby increasing the potential endurance of each bit
and increasing the potential endurance of the entire ar-
ray. Reliability data documented in RR-504, the Xicor
Reliability Report on Endurance, and additional reports
are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2212A 10,000 1,000




NOTES
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ADVANCED INFORMATION ®
. Commercial X22C10 \
256 Bit || qustrial X22C 10l 64 x 4 Bit
Nonvolatile Static RAM
FEATURES DESCRIPTION

¢ 100% Compatible with X2210
—With Timing Enhancements
¢ Infinite Array Recall, RAM Read and Write
Cycles
¢ High Reliability
—Store Cycles: 1,000,000
—Data Retention: 100 Years
® High Performance CMOS
—120 ns RAM Access Time
-Low Power Consumption
Active: 40 mA Max.
Standby: 100 p.A Max.
® Nonvolatile Store Inhibit: Voc = 3.5V Typ
¢ Fully TTL and CMOS Compatible
¢ JEDEC Standard 18-Pin 300-mil DIP

The X22C10 is a 64 x 4 NOVRAM featuring a high-
speed static RAM overlaid bit-for-bit with a nonvolatile
E2PROM. The NOVRAM design allows data to be easi-
ly transferred from RAM to E2PROM (STORE) and
from E2PROM to RAM (RECALL). The STORE opera-
tion is completed within 10 ms or less and the RECALL
is typically completed within 1 ps.

Xicor NOVRAMSs are designed for unlimited write oper-
ations to the RAM, either RECALLs from E2PROM or
writes from the host. The X22C10 will reliably endure
1,000,000 STORE cycles. Inherent data retention is
greater than 100 years. Refer to RR-515, RR-504 and
RR-520 for details of data retention and endurance
characteristics for Xicor nonvolatile memories.

PIN CONFIGURATION

PLASTIC DIP
CERDIP
Neq 7 180 Vee
A2 17 ANC
AzO3 16 A,
A4 15031/0,4
A5 x22c10 141/03
Ags 1381/0,
[ = 1231/0,
vss 8 HPWE
STORE 9 10 Qggﬁh

0123-1

PIN NAMES
Ao-As Address Inputs
1/01-1/04 Data Inputs/Outputs
WE Write Enable
CS Chip Select
RECALL Array Recall
STORE Store
Veo +5V
Vss Ground
NC No Connect
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X22C10, X22C 10l

ABSOLUTE MAXIMUM RATINGS"
Temperature Under Bias. ............ ..., -+65°C to +135°C
Storage Temperature .................... -65°C to +150°C
Voltage on any Pin with . )

Respect to Ground. . ... e R L\ A ] +7V
D.C.OutputCurrent..........cooviiiniiininnenennn.
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS
X22C10 Tp =

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods

may affect device reliability.

0°C to +70°C, Vgc = +5V +£10%, unless otherwise specified.

X22C101 Tp = —40°C to +85°C, Vog = +5V £10%, unless otherwise specified.

Symbol Parameter Min. Max. Units Test Conditions
lce Vcc Supply Current, RAM 40 mA | CS = V|, I/0s = Open, All Others = V|,
Read/Write Addresses = TTL Levels @ f = 5§ MHz
IsB1 Ve Standby Current 2 mA | Store or Recall Functions Not Active,
(TTL Inputs) 1/0s = Open, All Other Inputs = V|
IsB2 Vg Standby Current 100 pA | Store or Recall Functions Not Active,
(CMOS Inputs) 1/0s = Open, All Other Inputs = Vgg —0.3V
I Input Leakage Current 10 pA | Vi = GNDto Vg ‘
Lo Output Leakage Current 10 rA | Voutr = GND to Vg
Vi 4 Input Low Voltage -1.0 0.8 \"
Vi@ Input High Voltage 20 | Vgc +1.0 \'
VoL Output Low Voltage 0.4 \ loL = 4.2mA
VoH Output High Voltage 2.4 \ loy = —2.0mA
CAPACITANCE Tj = 25°C,f = 1.0 MHz, Voo = 5V
Symbol Test Max. Units Conditions
Ciroh Input/Output Capacitance 8 pF Viyo = OV
ciNm Input Capacitance 6 pF ViN = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CS | WE | RECALL | STORE " i/0 Mode
Input Bise and 10 ns H| X H H Output HighZ | Not Selected(®
Fall Times L|H H H |OutputData | Read RAM
'T’:zli‘:‘;'l‘_‘l‘%l';p”t 1.5V L] L H H | InputData High | Write “1” RAM
Output Load 1 TTL Gate and ; l: l: : I(r;put Dat'a Low | Write “0” RAM
CL = 100 pF utput High Z | Array Recall
H X L H Output High Z Array Recall
X H H L Output High Z Nonvolatile Storing(3)
H| X H L Output HighZ | Nonvolatile Storing(3)

Notes: (1) This parameter is periodically sampled and not 100% tested.
(2) Chip is deselected but may be automatically completing a store cycle.
(3) STORE = LOW is required only to initiate the store cycle, after which the store cycle will be automatically completed

(e.g. STORE = X).

(4) Vi min. and V|4 max. are for reference only and are not tested.
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X22C10, X22C10lI

ENDURANCE AND DATA RETENTION

Parameter Min. Units Conditions

Endurance 100,000 Data Changes Per Bit Xicor Reliability Reports RR-520 and RR-504

Store Cycles 1,000,000 Store Cycles Xicor Reliability Reports RR-520 and RR-504

Data Retention 100 Years Xicor Reliability Report RR-515

POWER-UP TIMING(5)

Symbol Parameter Max. Units
tpur Power-Up to Read Operation 100 us
tPuw Power-Up to Write or Store Operation 5 ms

A.C. CHARACTERISTICS

X22C10 Ta = 0°C to +70°C, Vgg = +5V £10%, unless otherwise specified.
X22C10l1 Tp = —40°Cto +85°C, Voo = +5V £10%, unless otherwise specified.

Read Cycle Limits

Symbol Parameter Min. Max. Units
trc Read Cycle Time 150 ns
taA Access Time 150 ns
tco Chip Select to Output Valid 150 ns
toH Output Hold from Address Change 0 ns
tLz Chip Select to Outputin Low Z 0 ns
thz Chip Deselect to Output in High Z 50 ns
Read Cycle
ADDRESS X X
- ta -
cs Re———tco——>
—ll 7 la—toy—a> thz—
HiZ
DATA 1/0 K DATA VALID | _Hiz
0123-2

Note: (5) tpyr and tpyw are the delays required from the time Vg is stable until the specified operation can be initiated. These
parameters are periodically sampled and not 100% tested.
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X22C10, X22C10I

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 150 ns
tow Chip Select to End of Write 90 ns
tas Address Setup Time 0 ns
twp Write Pulse Width 90 ns
twr Write Recovery Time 0 ns
tow Data Valid to End of Write 40 ns
tpH Data Hold Time 0 ns
twz Wirite Enable to Output in High Z 50 ns
tow Output Active from End of Write 0 ns
Write Cycle
ADDRESS X X
ce NOh A7
WE N : N Y
tow—»| ton
DATA IN DATA VALID
twz tow->}
DATA OUT
0123-3
Early Write Cycle
ADDRESS X X
cs AN 477
| et g g =~
WE NN A
| ——topy—| ton [@—o
DATA IN DATA VALID
HIGH Z
DATA OUT
0123-4
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X22C10, X22C 10l

Recall Cycle Limits

/]

tare

Symbol Parameter Min. Max. Units
trce Array Recall Time 1200 ns
trcp Recall Pulse Width(6) 90 ns
trcz Recall to Output in High Z 50 ns
torc Output Active from End of Recall 0 ns
tarc Recalled Data Access Time from End of Recall 150 ns
Array Recall Cycle
XXX KKK
trec
trep .
RECALL Y "
= ANOOUNONNNN AN /
i+ trez j *— torc
DATA I/0 5%

0123-5

Store Cycle Limits

Symbol Parameter Min. Max. Units
tstc Internai Store Time 10 ms
tsTp Store Pulse Width 90 ns
tsTZ Store to Output in High Z 50 ns
tost Output Active from End of Store 0 ns
Store Cycle
. - .5"' I
STORE (¢
— )\ /////Jj//ﬁf
— tgrz  |— tost |
DATA 1/0 z 4] K
0123-6

Note: (6) RECALL rise time must be less than 1 pus.
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X22C10, X22C10l

PIN DESCRIPTIONS AND DEVICE OPERATION
Addresses (Ag-As) .

The address inputs select a 4-bit memory location dur-
ing a read or write operation.

Chip Select (CS)

The Chip Select input must be LOW to enable read or
write operations with the RAM array. CS HIGH will
place the 1/0 pins in the high impedance state.

Write Enable (WE)

The Write Enable input controls the 1/0 buffers, deter-
mining whether a RAM read or write operation is en-
abled. When CS is LOW and WE is HIGH the 1/0 pins
will output data from the selected RAM address loca-
tion. When both CS and WE are LOW, data presented
at the 170 pins will be written to the selected address
location.

Data In/Data Out (1/01~1/04)

Data is written to or read from the X22C10 through the
I/0 pins. The 1/0 pins are placed in the high imped-
ance state when either CS is HIGH or during either a
store or recall operation.

STORE

The STORE input, when LOW, will initiate the transfer
of the entire contents of the RAM array to the E2PROM
array. The WE and RECALL inputs are inhibited during
the store cycle. The store operation is completed in
10 ms or less.

A store operation has priority over RAM read/write op-
erations. If STORE is asserted during a read operation,
the read will be discontinued. If STORE is asserted

during a RAM write operation, the write will be immedi-
ately terminated and the store performed. The data at
the RAM address that was being written will be un-
known in both the RAM and E2PROM arrays.

RECALL

The RECALL input, when LOW, will initiate the transfer
of the entire contents of the E2PROM array to the RAM
array. The transfer of data will typically be completed in
1 us orless.

An array recall has priority over RAM read/write opera-
tions and will terminate both operations when RECALL
is asserted. RECALL LOW will also inhibit the STORE
input.

AUTOMATIC RECALL
Upon power-up the X22C10 will automatically recall
data from the E2PROM array into the RAM array.

WRITE PROTECTION

The X22C10 has three write protect features that are
employed to protect the contents of the nonvolatile
memory.

® Voo Sense—All functions are inhibited when Vg is
<3.5V.

® Write Inhibit—Holding either STORE HIGH or
RECALL LOW during power-up or power-down will
prevent an inadvertent store operation and E2PROM
data integrity will be maintained.

® Noise Protection—A STORE pulse of less than 20 ns
will not initiate a store cycle.
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X22C10, X22C 10l

FUNCTIONAL DIAGRAM

NONVOLATILE
E:PROM =
MEMORY
ARRAY
o s
4 STORE
& —LF—] i
ROW &
n——Lr— B, ARRAY
STATIC RAM
MEMORY ARRAY
STORE -
RECALL C E v
¢ COLUMN *
1o, _?_‘ % 10 CIRCUITS
) :
2 1 &
j-‘ ‘ COLUMN SELECT |;
10, 3—
£
10, g Ay As A
<

0123-7

SYMBOL TABLE

WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change

_ﬂ_ from Low to from Low to
High High
May change Will change
_&_ from High o from High to
Low Low
Don't Care: Changing :
M Changes State Not
Allowed Known
Center Line
L is High
Impedance
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FACT SHEET ®
. Commercial X22C11 .
256 Bit | qustrial X22C11I 64 x 4 Bit
Nonvolatile Static RAM
FEATURES DESCRIPTION

o Autostore™
—Automatically Stores Data Upon
Detection of Power Loss
¢ Store-Lock™
—Software Enabled Store Lockout
¢ 100% Compatible with X2210 and X22C10
—With Timing Enhancements
¢ Infinite Array Recall, RAM Read and Write
Cycles
¢ High Reliability
—Store Cycles: 1,000,000
—Data Retention: 100 Years
© High Performance CMOS
—120 ns RAM Access Time
—Low Power Consumption
Active: 40 mA Max.
Standby: 100 xA Max.
¢ Nonvolatile Store Inhibit: Voc = 3.5V Typ
¢ Fully TTL and CMOS Compatible
¢ JEDEC Standard 18-Pin 300-mil DIP

The X22C11 is a 64 x 4 NOVRAM featuring a high-
speed static RAM overlaid bit-for-bit with a nonvolatile
E2PROM. The NOVRAM design allows data to be easi-
ly transferred from RAM to E2PROM (STORE) and
from E2PROM to RAM (RECALL). The STORE opera-
tion is completed within 10 ms or less and the RECALL
is typically completed within 1 us.

In addition, the X22C11 features Autostore and Store-
Lock. Autostore is a user selectable option that will au-
tomatically perform a Store operation when power is
removed from the X22C11. Store-Lock will lockout all
inadvertent store conditions.

Xicor NOVRAMs are designed for unlimited write oper-
ations to the RAM; either RECALLs from E2PROM or
writes from the host. The X22C11 will reliably endure
1,000,000 STORE cycles. Inherent data retention is
greater than 100 years. Refer to RR-515, RR-504 and
RR-520 for details of data retention and endurance
characteristics for Xicor nonvolatile memories.

PIN CONFIGURATION

PLASTIC DIP
CERDIP
o m §] ~ 188 Vee
A,O2 17[ANc
As 3 16[As
A4 15[91/0,
¥ = X22C11 14 1/05
%Y= I3 131/0,
ey m ) 12[A/0,
Vss8 npwe
STORE (]9 10|93 RECALL

0124-1

PIN NAMES
Ap-As Address Inputs
1/01-1/04 Data Inputs/Outputs
WE Write Enable
CS Chip Select
RECALL Array Recall
STORE Store
Vee +5V
Vss Ground
NC No Connect
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X22C11, X22C 11

PIN DESCF"PTIONS AND DEVICE OPERATION

Addresses (Ag-As)
The address inputs select a 4-bit memory location dur-
ing a read or write operation. ‘

Chip Select (CS)

The Chip Select input must be LOW to enable read or
wiite operations with the RAM array. CS HIGH will
place the 170 pins in the high impedance state.

Write Enable (WE)

The Write Enable input controls the I/0 buffers, deter-
mining whether a RAM read or write operation is en-
abled. When CS is LOW and WE is HIGH, the 1/0 pins
will output data from the selected RAM address loca-
tion. When both CS and WE are LOW, data presented
at the 170 pins will be written to the selected address
location.

Data In/Data Out (1/01-1/04)

Data is written to or read from the X22C11 through the
I/0 pins. The 1/0 pins are placed in the high imped-
ance state when either CS is HIGH or during either a
store or recall operation.

STORE

The STORE input, when LOW, will initiate the transfer
of the entire contents of the RAM array to the E2PROM
array. The WE and RECALL inputs are inhibited during
the store cycle. The store operation is completed in
10 ms or less.

A store operation has priority over RAM read/write op-
erations. If STORE is asserted during a read operation,
the read will be discontinued. If STORE is asserted dur-
ing a RAM write operation, the write will be immediately
terminated and the store performed. The data at the
RAM address that was being written will be unknown in
both the RAM and E2PROM arrays.

RECALL

The RECALL input, when LOW, will initiate the transfer
of the entire contents of the E2PROM array to the RAM
array. The transfer of data will typically be completed in
1 ps or less.

An array recall has priority over RAM read/write opera-
tions and will terminate both operations when RECALL
is asserted. RECALL LOW will also inhibit the STORE
input.

Automatic Recall
Upon power-up the X22C11 will automatically recall
data from the E2PROM array into the RAM array.

Store-Lock .

Store-Lock will lockout all attempts to store data from
the RAM array into the E2PROM array uniess the Store
Enable Latch has been set by the user. This feature
can eliminate the need for any external power-up/pow-
er-down inadvertent store circuits.

The X22C11 is always in the store lockout mode. In
order to enable a store operation the user must first
bring RECALL high and STORE low, then write a two
byte command sequence to the X22C11 and then bring
STORE high. The X22C11 is .now ready to store data
the next time STORE is strobed low. After each valid
store operation, the Store Enable Latch is reset, pro-
tecting the data. A power-up condition will reset the
latch regardless of its state prior to power-down.

Autostore

Autostore will automatically store data from the RAM
array into the E2PROM array - after detecting Vg has
fallen below the Autostore threshold. The Autostore
Enable Latch is enabled by first bringing RECALL high
and STORE low, then writing a two byte command se-
quence to the X22C11 and then bringing STORE high.
At this point the X22C11 is “armed” to perform an au-
tostore operation. The Autostore Enable Latch will be
reset upon power-up.
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®
Commercial X2001 .
1K Industrial X20011 128 x 8 Bit
Nonvolatile Static RAM
FEATURES is fabricated with the same reliable N-channel floating

¢ Nonvolatile Data Integrity

e Automatic Store Timing

¢ 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.

¢ Automatic Recall on Power-Up

¢ JEDEC Approved Byte-Wide Pinout

DESCRIPTION

The Xicor X2001 is a byte-wide NOVRAM featuring a
high-speed static RAM overlaid bit-for-bit with a nonvol-
atile electrically erasable PROM (E2PROM). The X2001

gate MOS technology used in all Xicor 5V programma-
ble nonvolatile memories. The X2001 features the
JEDEC approved pinout for byte-wide memories, com-
patible with industry standard RAMs, ROMs, EPROMs
and E2PROMs.

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 unlimited write oper-
ations to RAM, either from the host or recalls from
E2PROM, and a minimum 100,000 store operations to
the E2PROM. Inherent data retention is specified to be
greater than 100 years. Refer to RR-520, RR-504 and
RR-515 for details on Xicor nonvolatile memory endur-
ance and data retention characteristics.

PIN CONFIGURATION

0051-1

PIN NAMES
Ag-Ag Address Inputs
1/09-1/07 Data Inputs/Outputs
CE Chip Enable
OE Output Enable
WE Write Enable
NE Nonvolatile Enable
Vce +5V
Vss Ground
NC No Connect

cE
3
e ————

N ————

]
Oy

103
1/0s

1/0s
vor

FUNCTIONAL DIAGRAM

NONVOLATILE
E2PROM

MEMORY
ARRAY

A STORE

STATIC RAM

7 ARRAY
MEMORY ARRAY [

RECALL

rzzz

TLTLTLT LTI LT

0051-2
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X2001, X2001I

ABSOLUTE MAXIMUM RATINGS*

T e —10°C to +85°C
X20011 ..o —65°C to +135°C
Storage Temperature .................... —65°C to +150°C
Voltage on any Pin with
RespecttoGround.................o....n —-1.0Vto +7V
D.C.OutputCurrent . ............ccooiiiiiiiiiii it 5 mA
Lead Temperature
(Soldering, 10 Seconds) ..........ccevieeiirnenn.n. 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “‘Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X2001 Tp = 0°C to +70°C, Voo = +5V £5%, unless otherwise specified.
X20011 Ty = —40°C to +85°C, Vg = +5V +10%, unless otherwise specified.

Symbol Parameter X2001 Limits X2001! Limits Units Test Conditions
Min. Max. Min. Max.
Icc Vg Current (Active) 80 100 mA | CE =V,
All Other Inputs = Vgg
liyo = 0mA
Is Ve Current (Standby) 50 65 mA | All Inputs = Vo
lyo = 0mA '
b Input Leakage Current 10 10 rA | VN = GNDto Vg
ILo Output Leakage Current 10 10 rA | Voutr = GNDto Ve
viL@ Input Low Voltage -1.0 0.8 -1.0 0.8 \
ViH@ | input High Voltage 20 |Vec+05| 20 |Vgg+10| V
VoL Output Low Voltage 0.4 0.4 \ loL =2.1mA
VoH Output High Voltage 24 24 v lon = —400 pA
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vo = 5V
Symbol Test Max. Units Conditions
CisotV) Input/Output Capacitance 10 pF Viyo = OV
Ciné) Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE | WE | NE | OE Mode 170 Power
Input Bise and 10ns H X X X | Not Selected Output High Z Standby
Fall Times L H H L | Read RAM Output Data Active
'T"i;‘:;g"l_‘l\%‘:;p“‘ 1.5V tl L | H| x| wrie 1 » RAM Input Data High | Actve
oU{put Lond ] T_EL Gate and II: 'I-.I |: t ZVnte F*0 R"AM Icr;put Dat'a Low Actfve
CL = 100 pF rray Recal utput HighZ | 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 | NotAllowed Output High Z Active
L| H | L | H |NoOperation Output HighZ | Active

Notes: (1) This parameter is periodically sampled and not 100% tested.
(2) Vi min. and V| max. are for reference only and are not tested.
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X2001, X2001I

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

X2001 Tp = 0°C to +70°C, Vgc = +5V 5%, unless otherwise specified.
X20011 Tp = —40°C to +85°C, Vg = +5V £10%, unless otherwise specified.

Read Cycle Limits

X2001-20 X2001-25 X2001
Symbol Parameter X20011-20 X20011-25 X20011 Units
Min. Max. Min. Max. | Min. | Max.
tRc 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
1z Chip Enable to Output in Low Z 10 10 10 ns
thz®® Chip Disable to Output in High Z 10 100 10 100 10 100 ns
toLz(3) 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 0 0 ns

Read Cycle

| 4 -

ADDRESS jﬁ : K X

——tcE———»

N

AE /,—--———-—-—-__
CE \\ 4
—tog—»
E N .
o N
____ Vm
WE
«liz—p tonz
—» tor7 |w— — ton thz
HIGH Z
DATA I/0 K DATAVALID DATA VALID

0051-3

Note: (3) t 7 min., tyz min., toz min. and tonz min. are periodically sampled and not 100% tested. tyz max. and tonz 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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X2001, X2001I

Write Cycle Limits
X2001-20 X2001-25 X2001 :
Symbol Parameter v X20011-20 ‘ X20011-25 X20011 Units
s ~ Min. Max. Min. Max. | Min. | Max.
twe Write Cycle Time 200 250 300 ns
tcw 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
tDH. 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 4 10 100 10 - 100 10 100 ns
WE Controlled Write Cycle
ADDRESS X X
® 777777F ) NANNN N
o NSNS SRS, LTTATT7777777
. . | A
wE toz \4\—1/
ﬁ tow: .
oamour SSSSSSSSS M ’> 2 < ce e s Ss
A o
DATA IN DATA VALID .
0051-4
CE Controlled Write Cycle
ADDRESS ‘ X X
OF _v.
S8 DNONOONNNRNNNR LT 7XLTT77 7777
. . . R Awa TN
twz tow
DATA OUT >35> //)))/l . <LLLCECEC
P A~ >
DATA IN ; DATA VALID i B
0051-5-
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X2001, X2001I

Store Limits
X2001-20 X2001-25 X2001
Symbol Parameter X20011-20 X20011-25 X20011 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 tstc -~
T\ L0 7
lj{*’“ tsoe o [loest™
OF [ \
< ¢
WE \ L0
[~ s (o
&\ L0 ) N
= tNuz ‘\I
oatA 1/0 —(| ) f § {____
Veo \vcC MIN (4)
0051-6

Note: (4) X2001 Voo Min. = 4.75V
X20011 Vgg Min. = 4.5V

The Store Pulse Width (tgp) 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.
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Array Recall Cycle Limits »
‘ : ' X2001-20 X2001-25 X2001
Symbol C Parameter X20011-20 X20011-25 X20011 Units
i Min. Max. Min. Max. | Min. | Max,
trcc Array Recall Time 5.0 5.0 5.0 JTE]
tRep Recall Pulse Width to Initiate Recall 120 150 200 ns
tawe | WE Setup Timeto NE 0 0 0 ns
Array Recall Cycle
trec
ADDRESS
e—— trep
NE

% ; 777 A ANV
F trwe

= ARAAAAANN 777 AAAAARN\V4

Al

DATA 1/0 LD

0051-7

The Recall Pulse Width (trcr) 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 (tgcc, 5 ps) of the Recall opera-
tion. During trce, OE and WE may go LOW providing the host access to other devices in the system.
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X2001, X2001I

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 (1/0g-1/07)

Data is written to or read from the X2001 through the
1/0 pins. The I/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 recall functions).

DEVICE OPERATION

The CE, OE, WE and NE inputs control the X2001 op-
eration. The X2001 byte-wide NOVRAM uses a 2-line
control architecture to eliminate bus contention in a
system environment. The |I/0O bus will 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
X2001.

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 (Vgc), the X2001 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 X2001 has three write protect features that are
employed to protect the contents of both the nonvola-
tile 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) puise of less than 20 ns will not
initiate a store cycle.

® 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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X2001, X20011

SYMBOL TABLE

Part Number | StoreCycles | D2taChanges WAVEFORM INPUTS OUTPUTS
R Per Bit Must be Wil be
X2001 100,000 10,000 steady steady
X20011 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
K Don't Care: Changing: .
m Changes State Not
Allowed Known
Center Line
M N/A is High
. a8 . Impedance
Normalized Active Supply Current Normalized Standby Supply Current
vs. Ambient Temperature vs. Ambient Temperature
1.4 14
\ Voo =5.0V Vee =5.0V
N ,
8 12 » 3 1.2
a 8
S 10 5 10
‘3 3
o o
[=} [=]
Z o8 Z o8
0.6 0.6
-55 +25 +125 -55 +25 +125
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C).
v - ) ,0051'8 0051-9
Normalized Access Time
vs. Ambient Temperature
1.4
Vee =50V
12
=
a
§ 10
z
o
Z os
0.6
~55 +25 +125
AMBIENT TEMPERATURE (°C)
0051-10
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®
Commercial X2004 :
4K Industrial - X20041 512x 8 Bit
Nonvolatile Static RAM
FEATURES is fabricated with the same reliable N-channel floating

e Nonvolatile Data Integrity gate MOS technology used in all Xicor 5V programma-
ble nonvolatile memories. The X2004 features the

¢ Automatic Store Timing JEDEC approved pinout for byte-wide memories, com-
® Store and Array Recall Combined on One patible with industry standard RAMs, ROMs, EPROMs

Line (NE) and E2PROMs.
. .
Enhanced Store Protection The NOVRAM design allows data to be easily trans-

® Infinite EZPRPM Array Recall, and RAM ferred from RAM to E2PROM (store) and E2PROM to
R.ead and Write Cycles RAM (recall). With NE LOW, these functions are per-
e Single 5V Supply formed in the same manner as RAM read and write op-
¢ High Reliability erations. The store operation is completed in 10 ms or
—Store Cycles: 100,000 less and the recall operation is completed in 5 us or
—Data Retention: 100 Years less. ‘
® Fast Access Time: 200 ns Max. Xicor NOVRAMs are designed for unlimited write oper-
e Automatic Recall on Power-Up ations to RAM, either from the host or recalls from
¢ JEDEC Approved Byte-Wide Pinout E2PROM, and a minimum 100,000 store operations to
the E2PROM. Data retention is:specified to be greater
DESCB'PTION . . ) than 100 years. Refer to RR-520, RR-504 and F?R-515
The Xicor X2004 is a byte-wide NOVRAM featuring @ 4o, getails on Xicor nonvolatile memory endurance and
high-speed static RAM overlaid bit-for-bit with a nonvol- data retention characteristics.

atile electrically erasable PROM (E2PROM). The X2004

PIN CONFIGURATIONS FUNCTIONAL DIAGRAM

NONVOLATILE
2PROM

Ar_NC NE NC Vec WE NC

'////////5?7////%7///////%

N

\

L1 RRNIRNNNY

Ne As——
S As—F"""1 smecr
e > J—

NC A

[ n——

STATIC RAM
MEMORY ARRAY

e X2004
-1 (TOP VIEW)

Q
ATy

€
1o CONTROL [ARRAY

WE——— Logic |RECALL
101 102 Vss NC 1/0; 1/04 1105 NE 7
0043-2 " :;:- 5 %
:Z: . 9—??: % 110 CIRCUITS
PIN NAMES ior s %
Ao-Asg Address Inputs wor = % ’
1/09-1/07 Data Inputs/Outputs vor o P CoLumn seecT
CE Chip Enable |
OE Output Enable ‘ ' : y
WE. Write Enable [—¢
NE Nonvolatile Enable H
Vce +5V -
Vss Ground L+
NC No Connect L—ﬁ

0043-3
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X2004, X2004I

ABSOLUTE MAXIMUM RATINGS*

L —10°C to +85°C
X2004! ..o —65°C to +135°C
Storage Temperature ........... e —65°C to +150°C
Voltage on any Pin with
RespecttoGround..................oeuut. -1.0Vto +7V
D.C.OutputCurrent . .......cooviinii it 5mA
Lead Temperature ’
_ (Soldering, 10Seconds) .........c...coeiiininnnnnn. 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
streéss rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X2004 Tp = 0°C to +70°C, Vgg = +5V =5%, unless otherwise specified.
X2004| Tp = —40°C to +85°C, Vgg = +5V £10%, unless otherwise specified.

Symbol Parameter x2004 Limits X20041 Limits Units Test Conditions
, Min. Max. Min. Max.
Ice Vg Current (Active) 100 120 mA | CE = vy,
All Other Inputs = Vg
liyo = 0 mA
Is Ve Current (Standby) 55 90 mA | Allinputs = Voo
liyjo = 0mA
M Input Leakage Current - 10 10 pA | ViN = GNDto Ve
Lo Output Leakage Current 10 10 BA | Vout = GND to Vo
Vi@ Input Low Voltage -1.0 0.8 -1.0 0.8 %
Vi@ | Input High Voltage 20 |Vec+05| 20 |Vgc+10| Vv
Vou Output Low Voltage 0.4 0.4 \ loL = 2.1mA
VoH Output High Voltage 24 2.4 \ loH = —400 pA
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Voo = 5V
Symbol Test Max. Units Conditions
CiyjoM Input/Output Capacitance 10 pF Vijo =0V
Cin(M Input Capacitance 6 pF ViN= OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| OV to 3.0V CE | WE | NE | OE Mode 1/0 Power
Input Rise and 10ns H X X X | Not Selected Output High Z Standby
Fall Times L| H|H| L |ReadrAM OutputData | Active
Input and Output 1.5V L| L |H| x| wie“1"RAM Input Data High | Active
Timing Levels
L L H X | Write “0” RAM Input Data Low | Active
Output Load 1 TTL Gate and - -
utpu CL = 100 pF L | H | L | L |ArayRecal Output 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 |NotAlowed Output HighZ | Active
L H L H | No Operation Output High Z Active

Notes: (1) This parameter is periodically sampled and not 100% tested.
(2) Vi min. and V|4 max. are for reference only and are not tested.
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X2004, X2004I

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| Tp = —40°Cto +85°C, Voo = +5V £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.
trc 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
tLz(3 Chip Enable to Output in Low Z 10 10 10 ns
thz® 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 0 0 ns
Read Cycle
|« the -
ADDRESS * X_ X
| ——tcg—— ’ ’
c—E —\ /—-__—
N A
|t —
,—
OE _\\
. Vwm
WE
|tz touz
—| toz [w— — thz
HIGH Z
DATA 170 K DATA VALID
0043-4

Note: (3) t z min., tyz min., to z min. and toHz min. are periodically sampled and not 100% tested. tz max. and tonz 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

X2004-20 X2004-25 X2004
Symbol Parameter X2004I1-20 X2004I1-25 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
toH 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
ADDRESS X _ X
ok LLLLLLS PANNNNNN
oF SNSSS RS K777 7777777
| ' .
WE — \L—/ L~
i~ [—tow
DATA ouT ) \)I\\) -»I'((\\/ RN
- toy ——} o
DATA IN DATA VALID j(
0043-5
CE Controlled Write Cycle
ADDRESS X X
OE v,
2 SN XL
twa
wE as we -
twz tow
DATA OUT > Z ) > > Z \%Il AN AN
ton
tpw—>]

DATA IN

0043-6
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X2004, X20041

Store Limits

X2004-20 X2004-25 X2004 1
Symbol Parameter X20041-20 X2004I1-25 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
- tstc -~
R\ L0 7
J—“ tsoe o [toesT™
OF | [ \
— ¢
WE \ L0 7
l— tys — .
&\ L \
k =tz ::I ‘
oaTA 1/0 —( ) § ¢ o
Ve \vcc MIN (4)
0043-7

Note: (4) X2004 Vg Min. = 4.75V
X20041 Vg Min. = 4.5V

The Store Pulse Width (tgp) is a minimum time that NE, WE and CE must be LOW simultaneously. To insure data
integrity, NE and CE must retun 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.
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Array Recall Cycle Limits

) X2004-20 X2004-25 X2004
Symbol : Parameter X20041-20 X20041-25 X20041 Units
Min.: Max. Min. Max. | Min. | Max.
trcc Array Recall Time 5.0 5.0 5.0 pns
trcp Recall Pulse Width to Initiate Recall 120 150 200 ns
tRwE - WE Setup Time to NE 0 0 0 ns
Array Recall Cycle
tree
ADDRESS
trep
NE A )4
OE ANANN S L/ AN
tRwE 1
WE
& SN )4 DAY
’ V. A 7 4 A AN
DATA 1/0 O

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 trce, OE and WE may go LOW providing the host access to other devices in the system.
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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 1/O 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 recall 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 I/0 bus will 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 (Vgg), the X2004 performs an automat-
ic array recall. When Vgc minimum is reached, the re-
call is initiated, regardless 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 Veg 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 | StoreCycles | DataChanges 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
_ﬁ- 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
M N/A is High
Impedance
Normalized Active Supply Current Normalized Standby Supply Current
vs. Ambient Temperature vs. Ambient Temperature
1.4 1.4
\ Vcc =5.0v \ Vcc =5.0V
8 1.2 8 1.2
a 8
g 1.0 5 10
= =
4 4
o (=]
Z o8 ~ < o8
0.6 0.6
=55 +25 +125 -55 +25 +125

AMBIENT TEMPERATURE (°C)

0043-9

AMBIENT TEMPERATURE (°C)

0043-10

Normalized Access Time
vs. Ambient Temperature

1.50
Vee = 5?
1.25
2
[=]
&
5 1.00
<«
P
-3
=]
Z o075
0.50
=55 +25

+125

AMBIENT TEMPERATURE (°C)

0043-11
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®

: Commercial X2444 .
256 Bit |- qustrial X24441 16 x 16 Bit

Nonvolatile Static RAM

FEATURES

¢ |deal for use with Single Chip
Microcomputers
—Static Timing
—Minimum 1/0 Interface
—Serial Port Compatible (COPS™™, 8051)
—kEasily Interfaces to Microcontroller Ports
—Minimum Support Circuits

o Software and Hardware Control of
Nonvolatile Functions
—Maximum Store Protection

® TTL Compatible

¢ 16 x 16 Organization

¢ Low Power Dissipation
—Active Current: 15 mA Typical
—Store Current: 8 mA Typical
—Standby Current: 6 mA Typical
—Sleep Current: 5 mA Typical

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

© 8 Pin Mini-DIP and 8 Lead SOIC Packages

DESCRIPTION

The Xicor X2444 is a serial 256 bit NOVRAM featuring
a static RAM configured 16 x 16, overiaid bit for bit with
a nonvolatile E2PROM array. The X2444 is fabricated
with the same reliable N-channel floating gate MOS
technology used in all Xicor 5V nonvolatile memories.

The Xicor NOVRAM design allows data to be trans-
ferred between the two memory arrays by means of
software commands or external hardware inputs. A
store operation (RAM data to E2PROM) is completed in
10 ms or less and a recall operation (E2PROM data to
RAM) is completed in 2.5 us or less.

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

COPS™ is a trademark of National Semiconductor Corp.

PIN CONFIGURATION FUNCTIONAL DIAGRAM
./

CEE 1 8 Vee
sk[]2 7] sToRe

X2444
o[ ]3 6| | RECALL wow DR
oo[ ]+ 5[ Jvss [ StoREm

0042-1 r

PIN NAMES

°§3} E——— oow
CE Chip Enable =@ REGISTER
SK Serial Clock v !
Di Serial Data In P
DO Serial Data Out fecooe
RECALL Recall :
STORE Store
Veo +5V
Vss Ground onz-2




X2444, X24441

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias N
X2444 ... . . —=10°Cto +85°C".

X24441 .. ot —65°C to +185°C
Storage Temperature ...:...... PO —65°C to +150°C
Voltage on any Pin with

RespecttoGround........................ —1.0Vto +7V
D.C.QutputCurrent..................... i i, 5mA
Lead Temperature .

(Soldenng 10Seconds) .........ooiiiiiiiiit. 300°C

D.C. OPERATING CHARACTERISTICS S
X2444 Tp = 0°C to . +70°C, Vo =

*COMMENT

: Siresses above those - listed under “Absolute Maximum Rat-

ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or ariy other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

+5V 1£5%, unless otherwise specified.

X2444] Tp =- —40°C to +85°C, Voo = +5V 1£10%, unless otherwise specified.
Symbol Parameter X2444 Limits X24441 Limits Units Conditions
' : Min. “Max. Min. Max.
Icc Power Supply Current ‘ 15 25 mA | Alllnputs = Vg,
‘ . ) lijo=0mA
lsL Sleep Current 7 10 mA
IsB Standby Current .| . 10 15 mA CE.= V)L
IsTO Store Current 12 15 mA
I Input Load Current 10 10 HA VIN = Voo
Lo Output Leakage Current 1+ 10 10 pA | Vout = Vec
VL@ Input Low Voltage -1.0 0.8 -1.0 0.8 -V ‘
Vi@ Input High Voltage 20 | Vog+05 | 20 | Vgg+10 | V
VoL Output Low Voltage 0.4 04, Y loL = 24mA
VoH Output High Voltage 24 24 \' loy = —0.8mA
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
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vgg = 5V~ _
Symbol . Test Max. Units Conditions
CyoM Input/Output Capacitance 8 pF Vijo = OV:
e Input Capacitance ' 6 pF Vin = OV

Notes: (1) This parameter is periodically sampled and not 100% tested.
(2) Vi min. and Vy max. are for reference -only and are not tested.
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A.C. CONDITIONS OF TEST

Input Pulse Levels 0V to 3.0V
Input Rise and

Fall Times 10 ns
Input and Output 15V

Timing Levels

1 TTL Gate and

Output Load CL = 100 pF
NONVOLATILE OPERATIONS
SFABE SRR WRITE Previous
Operation STORE RECALL INST ENABLE RECALL
LATCH
Hardware Recall 1 0 NOP(@®) X X
Software Recall 1 1 RCL X X
Hardware Store 0 1 NOP(3) SET True
Software Store 1 1 STO SET True
A.C. CHARACTERISTICS
X2444 Tp = 0°C to +70°C, Voo = +5V +5%, unless otherwise specified.
X2444| Tp = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.
Read and Write Cycle Limits
Symbol Parameter Min. Max. Units
Fsk SK Frequency ‘ 1.0 MHz
tskH SK Positive Pulse Width 0.4 us
tskL SK Negative Pulse Width 0.4 s
tps Data Setup Time - 04 us
toH Data Hold Time 0.08 us
tpp1 . SK ™ X_to Data 0 Valid 375 ns
trD SK _#~ to Data Valid 375 ns
tz Chip Enable to Output High Z 1.0 us
tcES Chip Enable Setup 0.8 us
tcEH Chip Enable Hold 0.4 us
tcps Chip Deselect 0.8 us
Power-Up Timing(4)
Symbol Parameter Typical(5) Units
tpur Power-Up to Read Operation 25 1
tpuw Power-Up to Write Operation 25 us

Notes: (3) NOP designates when the X2444 is not currently executing an instruction.

(4) tpur and tpyw are the delays required from the time Vg is stable until the specified operation can be initiated. These
parameters are periodically sampled and not 100% tested.

(5) Typical values are for T = 25°C and Vgg = 5V.
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Write Cycle

SK CYCLE #
SK

0042-3

Read Cycle

SK CYCLE # 8 9 10 n

6 7
..(/\/\/\k/\__/—\_ﬁ/_\

CE Vi A\

<tpy N
ol ey {
= RN RISy )
HIGH 2 fror [ £ - | K z
oo 00 )F 01 )q[ on —
7/
0042-4
Array Recall Cycle Limits
Symbol . Parameter Min. Max. Units
trRcc Recall Cycle Time 25 s
tRcP Recall Pulse Width(6) 1.0 us
troz Recall to Output High Z 0.5 us

Recall Cycle

0042-5

Note: (6) Recall rise time must be <10 ps.
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Store Cycle Limits

Symbol Parameter Min. Typ.(?) Max. Units
tsT Store Time 5 10 ms
tsTp Store Pulse Width 0.2 us
tsTZ Store To Output High Z 1.0 us
Veo Store Inhibit 3 \"

Hardware Store

- ter—————»]

STORE LS
i HIGH Z

Do >

! I 0042-6

Figure 1: RAM Read
i
CE [// 1 | —

SK 1 2 3 4 5 6 7 8 9 10 1] |12 22 23 24

HIGH Z
vo PX 21 X 0 X Ps X[ [0:5X( 1 X 15 X Do

0042-7

*Bit 8 of Read Instructions is Don’t Care

Note: (7) Typical values are for Ty = 25°C and nominal supply voltage.
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Figure 2: RAM Write

ce_ /77 J/ h—

SK 1 2 3 4 5 6 7 8 9 10 1 1 22 23 24

7

0042-8

Figure 3: Non-Data Operations

ce__ /1l N

SK 1 2 3 4 5 6 7 8

o/ COCOCOCOGOG N

0042-9

TABLE 1: INSTRUCTION SET

Instruction Format, I3 141 Operation
WRDS (Figure 3) 1XXXX000 Reset Write Enable Latch (Disables writes and stores)
STO (Figure 3) 1XXXX001 Store RAM Data in E2PROM
SLEEP (Figure 3) 1XXXX010 Enter SLEEP Mode
WRITE (Figure 2) . 1AAAAO11 Wirite Data into RAM Address AAAA
WREN (Figure 3) 1XXXX100 Set Write Enable Latch (Enables writes and stores)
RCL (Figure 3) 1XXXX101 Recall E2PROM Data into RAM
READ (Figure 1) 1AAAA11X Read Data from RAM Address AAAA
X = Don’t Care

A = Address Bit
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PIN DESCRIPTIONS

Chip Enable (CE)

The Chip Enable input must be HIGH to enable
read/write operations. CE must remain HIGH following
a Read or Write command until the data transfer is
complete. CE LOW places the X2444 in the standby
power mode and resets the instruction register. There-
fore, CE must be brought LOW after the completion of
an operation in order to reset the instruction register in
preparation for the next command.

Serial Clock (SK)
The Serial Clock input is used to clock all data into and
out of the device.

Data In (DI)
Data In is the serial data input.

Data Out (DO)

Data Out is the serial data output. It is in the high im-
pedance state except during data output cycles in re-
sponse to a READ instruction.

STORE
STORE LOW will initiate an internal transfer of data
from RAM to E2PROM.

RECALL
RECALL LOW will initiate an internal transfer of data
from E2PROM to RAM.

DEVICE OPERATION

The X2444 contains an 8-bit instruction register. It is
accessed via the DI input, with data being clocked in
on the rising edge of SK. CE must be HIGH during the
entire data transfer operation.

Table 1 contains a list of the instructions and their op-
eration codes. The most significant bit (MSB) of all in-
structions is a one, bits 6 through 3 are either RAM
address (A) or don’t care (X) and bits 2 through 0 are
the operation codes. The X2444 requires the instruc-
tion to be shifted in with the MSB first.

After CE is HIGH, the X2444 will not begin to interpret
the data stream until a one has been shifted in on DI.
Therefore, CE may be brought HIGH with SK running
and DI LOW. DI must then go HIGH to indicate the
start condition of an instruction before the X2444 will
begin any action.

In addition, the SK clock is totally static. The user can
completely stop the clock and data shifting will be
stopped. Restarting the clock will resume shifting of
data.

WRDS and WREN

Internally the X2444 contains a “write enable” latch.
This latch must be set for either writes to the RAM or
store operations to the E2PROM. The WREN instruc-
tion sets the latch and the WRDS instruction resets the
latch, disabling both RAM writes and E2PROM stores.
The write enable latch is automatically reset on power-

up.

SLEEP

The SLEEP instruction removes power from the RAM,
placing the X2444 in a very low power quiescent state.
Data in the RAM is lost once a SLEEP instruction is
issued; however, data from the last store operation is
retained in the E2PROM. The sleep mode can be exit-
ed by either a software or hardware recall operation.

RCL and RECALL

Either the RCL instruction or a LOW on the RECALL
input will initiate a transfer of E2PROM data into RAM.
A recall operation must be performed after a power-up
before any store or RAM write operation can be en-
abled. This recall operation and the recall recovery
from the sleep mode guarantees a known state of data
in RAM. Both recall operations set an internal “previ-
ous recall” latch which must be set to enable any write
or store operations.

STO and STORE

Either the STO instruction or a LOW on the STORE
input will initiate the transfer of data from RAM to
E2PROM. In order to safeguard against unwanted store
operations, the following conditions must be true:

1. STO instruction issued or STORE input is LOW;

2. The internal write enable latch must be set (WREN
instruction issued);

3. The “previous recall” latch must be set.

Once the store cycle is initiated, all other device func-
tions are inhibited. Upon completion of the store cycle,
the write enable latch is reset.




X2444, X24441

WRITE

The write instruction contains the 4 bit address of the
word to be written. The write instruction is immediately
followed by the 16-bit word to be written. CE must re-
main HIGH during the entire operation. If CE is brought
LOW prematurely (after the instruction but before 16
bits of data are transferred), the instruction register will
be reset and the data that was shifted in will be written
to RAM. if CE is kept-HIGH for more than 24 SK clock
cycles (8-bit instruction plus 16-bit data) the data al-
ready shifted in will be overwritten.

READ

The read instruction contains the 4 bit address of the
word to be accessed. Unlike the other six instructions,
lg is a “don’t care” for the read instruction. This pro-
vides two advantages. In a design that ties both DI and
DO together, the absence of an eighth bit in the in-
struction allows the host time to convert an 1/0 line
from an output to an input. Secondly, it allows for valid
data output during the ninth SK clock cycle.

DO, the first bit output during a read operation, is trun-
cated. That is, it is internally clocked by the falling edge
of the eighth SK clock; whereas, all succeeding bits are
clocked by the rising edge of SK (refer to Read Cycle
Diagram).

WRITE PROTECTION

The X2444 provides three hardware and software write
protection mechanisms to prevent inadvertent stores of
unknown data.

Power-Down Condition
(when “write enable” latch and “previous recall” latch
are not in the reset state):

® Write Inhibit—Holding either RECALL LOW, CE LOW
or STORE HIGH during power-down will prevent an
inadvertent store.

Power-Up Condition

® Write Enable Latch—Upon power-up the ‘“write en-
able” latch is in the reset state, disabling any store
operation.

Unknown Data Store

® Previous Recall Latch—The “previous recall” latch
must be set after power-up and after exiting the sleep
mode. It may be set only by performing a recall oper-
ation, which assures that data in all RAM locations is
valid.

LOW POWER MODES

The X2444 provides two power conservation modes.
When CE is LOW, non-critical internal devices are pow-
ered-down, placing the device in the standby power
mode. Entering the sleep mode removes power from
the entire RAM array, placing the device in a very low
power quiescent state (sleep mode).

Part Number Store Cycles Data Chapges
Per Bit

X2444 100,000 10,000

X2444| 100,000 10,000
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SYSTEM CONSIDERATIONS

Power-Down Data Protection

Because the X2444 is a 5V only nonvolatile memory
device it may be susceptible to inadvertent writes to
the E2PROM array during power-down cycles. Power-
up cycles are not a problem because the previous re-
call latch and write enable latch are reset, preventing
any possible corruption of E2PROM data.

If the STORE and RECALL pins are tied to Vgg
through a pullup resistor and only software store opera-
tions are performed to initiate stores, there is little likeli-
hood of an inadvertent store. However, if these two
lines are under microprocessor control, positive action
should be employed to negate the possibility of these
control lines bouncing and generating an unwanted

store. The safest method is to issue the WRDS com-
mand after a write sequence and also following store
operations. Note: an internal store may take up to 10
ms; therefore, the host microprocessor should delay 10
ms after initiating the store prior to issuing the WRDS
command.

Power-On Recall

The X2444 performs a power-on recall that transfers
the E2PROM contents to the RAM array. Although the
data may be read from the RAM array, this recall does
not set the previous recall latch. During this power-on
recall operation, all commands are ignored. Therefore,
the host should delay any operation with the X2444 a
minimum 2.5 us (trce) after Vo is stable.

SYMBOL TABLE

WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change

_ﬂ_ from Low to from Low to
High High
May change Will change
_m from High to from High to
Low Low
Don't Care: Changing :
M Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature

NORMALIZED Ige

1.50

\' Voo =50V
1.25

1.00

0.75

N

0.50 -

-55-

+25 ©#125 .

AMBIENT TEMPERATURE (°C)

0042-10

NORMALIZED g -

1.50

Vcc =5.0v

1.25

1.00

0.75

N

0.50
=55

+25 , +125
AMBIENT TEMPERATURE (°C)

0042-11
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ADVANCED INFORMATION ®
. Commercial X24C44 .
256 Bit | dustrial X24C441 16 x 16 Bit
Nonvolatile Static RAM
FEATURES DESCRIPTION

¢ Advanced CMOS Version of Xicor's X2444
¢ 16 x 16 Organization
¢ Single 5 Volt Supply
o |deal for use with Single Chip
Microcomputers
—Static Timing
—Minimum 1/0 Interface
—Serial Port Compatible (COPS™™, 8051)
—Easily Interfaced to Microcontroller Ports
e Software and Hardware Control of
Nonvolatile Functions
¢ Auto Recall on Power-Up
¢ TTL and CMOS Compatible
® Low Power Dissipation
—Active Current: 2 mA
—Standby Current: 50 nA
© 8 Pin Mini-DIP and 8 Lead SOIC Packages
¢ High Reliability
—Store Cycles: 1,000,000
-—Data Retention: 100 Years

The Xicor X24C44 is a serial 256 bit NOVRAM featur-
ing a static RAM configured 16 x 16, overlaid bit by bit
with a nonvolatile E2PROM array. The X24C44 is fabri-
cated with Xicor's Advanced CMOS Floating Gate
technology:

The Xicor NOVRAM design allows data to be trans-
ferred between the two memory arrays by means of
software commands or external hardware inputs. A
store operation (RAM data to E2PROM) is completed in
5 ms or less and a recall operation (E2PROM data to
RAM) is completed in 2 ps or less.

Xicor NOVRAMSs are designed for unlimited write oper-
ations to RAM, either from the host or recalls from
E2PROM and a minimum 1,000,000 store operations.
Inherent data retention is specified to be greater than
100 years. Refer to RR-520 and RR-515 for details of
endurance and data retention characteristics for Xicor
nonvolatile memories.

COPS™ is a trademark of National Semiconductor Corp.

PIN CONFIGURATION

cEC] 1 sPvee
sk 2 7 | STORE
x24cad [T~
b 3 6 |7 RECALL
po] 4 5P vss

0121-1

PIN NAMES
CE Chip Enable
SK Serial Clock
Di Serial Data In
DO Serial Data Out
RECALL Recall Input
STORE Store Input
Vee +5V
Vss Ground




X24C44, X24C441

ABSOLUTE MAXIMUM RATINGS*

X24C44l ... o ~65°Cto +135°C
Storage Température .................... —65°C to +150°C
Voltage on any Pin with

Respectto Ground........................ —~1.0Vto +7V

D.C. Output Current
Lead Temperature )
(Soldering, 10Seconds) ...ttt 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under ‘“Absolute ‘Maximum Rat-
ings™ may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X24C44 Tp = 0°C to +70°C, Vo = +5V £10%, unless otherwise specified.
X24C441 Tp = —40°C to +85°C, Voo = +5V 1£10%, unless otherwise specified.

Symbol Parameter - Min. Max. Units Conditions
Icc Ve Supply Current (TTL Inputs) 2 mA | SK = TTL Levels @ 1 MHz,
: DO = Open, All Other Inputs = V|4
lss . | Voc Standby Current (TTL Inputs) 1 mA | DO = Open, CE = V|,
All Other Inputs = V|y
IsB2 Ve Standby Current (CMOS Inputs) 50 pA | DO = Open, CE = GND,
All Other Inputs = Vg — 0.3V
T Input Load Current 10 pA | Viy = GNDto Ve
llo | Output Leakage Current 10 pA | Voyt = GND to Voo
Vil Input Low Voltage -1.0 0.8 \" i
Vi) | Input High Voltage 20 |Vec+1| Vv
VoL Output Low Voltage 0.4 \ loL = 4.2mA
VOH Output High Voltage 2.4 \Y% loH= —2mA
ENDURANCE AND DATA RETENTION )
Parameter Min. Units Conditions
Endurance 100,000 Data Changes Per Bit Xicor Reliability Reports RR-520 and RR-504
Store Cycles 1,000,000 Store Cycles Xicor Heiiability Reports RR-520 and RR-504
Data Retention 100 Years Xicor Reliability Report RR-515
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vgg = 5V
Symbol Test. Max. Units Conditions
Cout® Output Capacitance 8 pF Vout = 0V
Cin Input Capacitance 6 pF ViN = 0V
Notes: (1) x"i rt'nin. and V|4 max. are for reference only and are A.C. CONDITIONS OF TEST
2) T:is ezl;?:}neter is periodically sampled and not Input Pulse Levels 0Vto 3.0V
100% tested. Input ﬁise and 10ns
Fall Times
Ir?ptft and Output 1.5V
Timing Levels
Output Load 2::1:‘ ﬁ;’gi:ﬂd
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A.C. CHARACTERISTICS
X24C44 Tp = 0°C to +70°C, Voo = +5V £10%, unless otherwise specified.
X24C441 Tp = —40°C to +85°C, Vo = +5V =10%, unless otherwise specified.

Read and Write Cycle Limits

Symbol Parameter Min. Max. Units
Fsk SK Frequency 1.0 MHz
tskH SK Positive Pulse Width 400 ns
tskL SK Negative Pulse Width 400 ns
tps Data Setup Time 400 ns
tbH Data Hold Time 80 ns
tpp1 SK to Data Bit 0 Valid 375 ns
tpp SK to Data Valid 375 ns
tz Chip Enable to Output High Z 1.0 us
tces Chip Enable Setup 800 ns
tcEH Chip Enable Hold 400 ns
tcps Chip Deselect 800 ns
Power-Up Timing(3)
Symbol Parameter Max. Units
tpuUR Power-Up to Read Operation 200 s
tpuw Power-Up to Write or Store Operation 5 ms
Write Cycle '
re—1/Fgx
et -ty

SK CYCLES: ,——-—\x — P \_/F/ — ’ \ r —_

tces —| 77 topn [ teos
1J
CE — [«tos ton
rd
\
Dt —+ X _,/ Z W&%

0121-2
Read Cycle
SK CYCLE # 6 7 8 9 10 n
"\
o« —/ N
CE Vi A
‘.VIJ.
DI {
---- S S S S S S S S Y
2 11 \QDONT CAREPI I I3 /111111111&%
[ Iz fe—1; —]
HIGH Z HIGH Z
Do D @ / Dn o
J-
0121-3

Note: (3) tpyr and tpyw are the delays required from the time Vgc is stable until the specified operation can be initiated. These
parameters are periodically sampled and not 100% tested.
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NONVOLATILE OPERATIONS

Operation STORE | RECALL |’ Software W ety Recal Latch
; ‘State
Hardware Recall 1 0 NOP@) ~ X _ X
Software Recall 1 1 RCL X X
Hardware Store 0 1 NOP(@&) = - SET SET
Software Store 1 1 ..STO SET SET
Array Recall Limits
Symbol Parameter Min. . Max. Units
treo Recall Cycle Time 2 “ us
thcp Recall Pulse Width(5) ' 500 ns
trcz Recall to Output in High Z : 500 ns
Recall Timing
- —— »
—» thcz e— 7
— "HIGH Z
Do
0121-4
Store Cycle Limits
Symbol ) Parameter Min. Typ.(6) Max. Units
tsT Store Time - : 2 5 ‘ ms
tstp " Store Pulse Width 200 ' ' ns
tsTZ Store to Output in High Z . 100 ns
Voe " Store Inhibit '3 v
Store Timing
‘ tgy —————
) e—ts1p
STORE N j’/ (LS
o e e L] . i
Do »‘ m\ ’ “HIGH’Z
i . I 0121-5

Notes: (4) NOP designates when the X24C44 is not currently executing an instruction.
(5) Recall rise time must be <10 ns.
. (6) Typical values are for Ty = 25°C and nominal supply voltage.
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Figure 1: RAM Read

L
e /[[/ A |
SK 1 2 3| |4 5] le| |7] |8 o [0 |11] |2 22| 23] |24
oI 1 XA XAXAXA) AT L
JJ
HIGH Z
Do : — PoX 21 X D2 X Os X] [0:X Pus X B1s X 06
*Bit 8 of Read Instructions is Don’t Care ' 12126
Figure 2: RAM Write
[
s /77 JJ N\
sK 1 2 3 4 5 6 7 8 9 10| [n 21 22 23 24
o 1A XAXAXANS /T X2 X 0 X 0: Y[ B X Pis X P X Pus \
0121-7
Figure 3: Non-Data Operations
e[/ |
SK 1 2 3l |a 5 6| |7 8
o1 1 OO XXl X X
0121-8
TABLE 1: INSTRUCTION SET
Instruction Format,lal4lp - Operation
WRDS (Figure 3) 1XXXX000 Reset Write Enable Latch (Disables Writes and Stores)
STO (Figure 3) 1XXXX001 Store RAM Data in E2PROM
Reserved 1XXXX010 N/A
WRITE (Figure 2) 1AAAA011 Write Data into RAM Address AAAA
WREN (Figure 3) 1XXXX100 Set Write Enable Latch (Enables Writes and Stores)
RCL (Figure 3) 1XXXX101 Recall E2PROM Data into RAM
READ (Figure 1) 1AAAA11X Read Data from RAM Address AAAA
X = Don’t Care
A = Address
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PIN DESCRIPTIONS

Chip Enable (CE)

The Chip Enable input must be HIGH to enable all
read/write operations. CE must remain HIGH following
a Read or Write command until the data transfer is
complete. CE LOW places the X24C44 in the low pow-
er standby mode and resets the instruction register.
Therefore, CE must be brought LOW after the comple-
tion of an operation in order to reset the instruction reg-
ister in preparation for the next command.

Serial Clock (SK)
The Serial Clock input is used to clock all data into and
out of the device.

Data In (DI)
Data In is the serial data input.

Data Out (DO)

Data Out is the serial data output. It is in the high im-
pedance state except during data output cycles in re-
sponse to a READ instruction.

STORE
STORE LOW will initiate an internal transfer of data
from RAM to the E2PROM array.

RECALL
RECALL LOW will initiate an internal transfer of data
from E2PROM to the RAM array.

DEVICE OPERATIONS

The X24C44 contains an 8-bit instruction register. It is
accessed via the DI input, with data being clocked in
on the rising edge of SK. CE must be HIGH during the
entire data transfer operation.

Table 1 contains a list of the instructions and their op-
eration codes. The most significant bit (MSB) of all in-
structions is a logic one (HIGH), bits 6 through 3 are
either RAM address (A) or don’t care (X) and bits 2
through 0 are the operation codes. The X24C44 re-
quires the instruction to be shifted in with the MSB first.

After CE is HIGH, the X24C44 will not begin to interpret
the data stream until a logic one has been shifted in on
DI. Therefore, CE may be brought HIGH with SK run-
ning and DI LOW. DI must then go HIGH to indicate the
start condition of an instruction before the X24C44 will
begin any action.

In addition, the SK clock is totally static. The user can
completely stop the clock and data shifting will be
stopped. Restarting the clock will resume shifting of
data.

RCL and RECALL

Either a software RCL instruction or a LOW on the
RECALL input will initiate a transfer of E2PROM data
into RAM. This software or hardware recall operation
sets an internal “previous recall” latch. This latch is re-
set upon power-on and must be intentionally set by the
user to enable any write or store operations. Although
a recall operation is performed upon power-up, the pre-
vious recall latch is not set by this operation.

WRDS and WREN

Internally the X24C44 contains a “write enable” latch.
This latch must be set for either writes to the RAM or
store operations to the E2PROM. The WREN instruc-
tion sets the latch and the WRDS instruction resets the
latch, disabling both RAM writes and E2PROM stores,
effectively protecting the nonvolatile data from corrup-
tion. The write enable latch is automatically reset on
power-up.

STO and STORE

Either the software STO instruction or a LOW on the
STORE input will initiate a transfer of data from RAM to
E2PROM. In order to safeguard against unwanted store
operations, the following conditions must be true: -

1. STO instruction issued or STORE input is LOW.

2. The internal write enable tatch must be set (WREN
instruction issued).

3. The “previous recall” latch must be set (either a
software or hardware recall operation).

Once the store cycle is initiated, all other device func-
tions are inhibited. Upon completion of the store cycle,
the write enable latch is reset. Refer to Figure 4 for a
state diagram description of enabling/disabling condi-
tions for store operations.
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WRITE

The write instruction contains the 4 bit address of the
word to be written. The write instruction is immediatety
followed by the 16-bit word to be written. CE must re-
main HIGH during the entire operation. If CE is brought
LOW prematurely (after the instruction but before 16
bits of data are transferred), the instruction register will
be reset and the data that was shifted-in will be written
to RAM.

If CE is kept HIGH for more than 24 SK clock cycles
(8-bit instruction plus 16-bit data), the data already
shifted-in will be overwritten.

READ

The read instruction contains the 4 bit address-of the
word to be accessed. Unlike the other six instructions,
lp of the instruction word is a “don’t care”. This pro-
vides two advantages. In a design that ties both DI and
DO together, the absence of an eighth bit in the in-
struction allows the host time to convert an 1/0 line
from an output to an input. Secondly, it allows for valid
data output during the ninth SK clock cycle.

DO, the first bit output during a read operation, is trun-
cated. That is, it is internally clocked by the falling edge
of the eighth SK clock; whereas, all succeeding bits are
clocked by the rising edge of SK (refer to Read Cycle
Diagram).

LOW POWER MODE

When CE is LOW, non-critical internal devices are pow-
ered-down, placing the device in the standby power
mode, thereby minimizing power consumption.

SLEEP

Because the X24C44 is a low power CMOS device, the
SLEEP instruction implemented on the first generation
NMOS device has been deleted. For systems convert-
ing from the X2444 to the X24C44 the software need
not be changed; the instruction will be ignored.

WRITE PROTECTION

The X24C44 provides two software write protection
mechanisms to prevent inadvertent stores of unknown
data. )

Power-Up Condition
Write Enable Latch. Upon power-up the “‘write enable”
latch is in the reset state, disabling any store operation.

Unknown Data Store

Previous Recall Latch. The “previous recall” latch must
be set after power-up. It may be set only by performing
a software or hardware recall operation, which assures
that data in all RAM locations is valid.

SYSTEM CONSIDERATIONS

Power-On Recall

The X24C44 performs a power-on recall that transfers
the E2PROM contents to the RAM array. Although the
data may be read from the RAM array, this recall does
not set the “previous recall” latch. During this power-
on recall operation, all commands are ignored. There-
fore, the host should delay any operations with the
X24C44 a minimum 200 us (tpyR) after Vg is stable.

Power-Down Data Protection

Because the X24C44 is a 5V only nonvolatile memory
device it may be susceptible to inadvertent stores to
the E2PROM array during power-down cycles. Power-
up cycles are not a problem because the previous re-
call latch and write enable latch are reset, preventing
any possible corruption of E2PROM data.

Software Power-Down Protection

If the STORE and RECALL pins are tied to Vgg
through a pullup resistor and only software operations
are performed to initiate stores, there is little likelihood
of an inadvertent store. However, if these two lines are
under microprocessor control, positive action should be
employed to negate the possibility of these control
lines bouncing and generating an unwanted store. The
safest method is to issue the WRDS command after a
write sequence and also following store operations.
Note: an internal store may take up to 5 ms; therefore,
the host microprocessor should delay 5 ms after initiat-
ing the store prior to issuing the WRDS command.

Hardware Power-Down Protection
(when the “write enable” latch and “previous recall”
latch are not in the reset state):

Write Inﬁibit. Holding either RECALL LOW, CE LOW or
STORE HIGH during power-down will prevent an inad-
vertent store.
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Figure 4: X24C44 State Diagram

SYMBOL TABLE

INPUTS

[

WAVEFORM OUTPUTS
Must be Will be
steady steady
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 :
CL C d
RCL Comman XXXXX Changes State Not
RECALL Allowed Known
. Center Line
RAM R
iy M N/A is High
Impedance
STO or
WRDS CMD WRENS
or COMMAND
STORE
Rets "\ RAM Read or Write
Write
Store
0121-10
FUNCTIONAL DIAGRAM
NONVOLATILE
E?PROM STORE
RECALL
ROW conTRoL |<—— RECALL()
DECODE LOGIC . S-ﬁﬂ)
‘ h
CE(t) —
INSTRUCTION
g‘(:; REGISTER ecooe Jl>_ Do)
] T
INSTRUCTION »| BT
DECODE COUNTER
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FACT SHEET
. Commercial X24C45 .
256 Bit | qustrial X24C45I 16 x 16 Bit
Nonvolatile Static RAM
FEATURES DESCRIPTION

® Autostore™
—Automatically Performs a Store Operation
Upon Loss of V¢
® Single 5 Volt Supply
® |deal for use with Single Chip
Microcomputers
—Minimum 1/0 Interface
—Serial Port Compatible (COPS™, 8051)
—Easily Interfaced to Microcontroller Ports
e Software and Hardware Control of
Nonvolatile Functions
® Auto Recall on Power-Up
o TTL and CMOS Compatible
® Low Power Dissipation
—Active Current: 2 mA
—Standby Current: 50 uA
@ 8 Pin Mini-DIP and 8 Lead SOIC Packages
© High Reliability
—Store Cycles: 1,000,000
—Data Retention: 100 Years

The Xicor X24C45 is a serial 256 bit NOVRAM featur-
ing a static RAM configured 16 x 16, overlaid bit by bit
with a nonvolatile E2PROM array. The X24C45 is fabri-
cated with Xicor's Advanced CMOS Floating Gate
technology.

The Xicor NOVRAM design allows data to be trans-
ferred between the two memory arrays by means of
software commands or external hardware inputs. A
store operation (RAM data to E2PROM) is completed in
5 ms or less and a recall operation (E2PROM data to
RAM) is completed in 2 ps or less.

The X24C45 also features Autostore, a user selectable
feature that will automatically perform a store operation
when Vg falls below a preset threshold.

Xicor NOVRAMs are designed for unlimited write oper-
ations to RAM, either from the host or recalls from
E2PROM and a minimum 1,000,000 store operations.
Inherent data retention is specified to be greater than
100 years. Refer to RR-520 and RR-515 for details of
endurance and data retention characteristics for Xicor
nonvolatile memories.

PIN CONFIGURATION

ceQ)t 8 Pvee
sk 2 7 | SToRE
x2acas T
o3 6 [ RECALL
po ] 4 5 Fvss

0127-1

Autostore™ is a trademark of Xicor, Inc.
COPS™ is a trademark of National Semiconductor Corp.

PIN NAMES
CE Chip Enable
SK Serial Clock
DI Serial Data In
DO Serial Data Out
RECALL Recall Input
STORE Store Input
Vee +5V
Vss Ground
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PIN DESCRIPTIONS
Chip Enable (CE)

The Chip Enable input must be HIGH to enable all

read/write operations. CE must remain HIGH following
a Read or Write command until the data transfer is
complete. CE LOW places the X24C45 in the low pow-
er standby mode and resets the instruction register.
Therefore, CE must be brought LOW after the comple-
tion of an operation in order to reset the instruction reg-
ister in preparation for the next command.

Serial Clock (SK)
The Serial Clock input is used to clock all data into and
out of the device.

Data In (DI)
Data In is the serial data input.

Data Out (DO)

Data Out is the serial data output. It is in the high im-
pedance state except during data output cycles in re-
sponse to a READ instruction.

STORE
STORE LOW will initiate an internal transfer of data
from RAM to the E2PROM array.

RECALL
RECALL LOW will initiate an internal transfer of data
from E2PROM to the RAM array.

DEVICE OPERATIONS

The X24C45 contains an 8-bit instruction register. It is
accessed via the DI input, with data being clocked in
on the rising edge of SK. CE must be HIGH during the
entire data transfer operation.

Table 1 contains a list of the instructions and their op-
eration codes. The most significant bit (MSB) of all in-
structions is a logic one (HIGH), bits 6 through 3 are
either RAM address (A) or don’t care (X) and bits 2
through 0 are the operation codes. The X24C45 re-
quires the instruction to be shifted in with the MSB first.

After CE is HIGH, the X24C45 will not begin to interpret
the data stream until a logic one has been shifted in on
DI. Therefore, CE may be brought HIGH with SK run-
ning and DI LOW. DI must then go HIGH to indicate the
start condition of an instruction before the X24C45 will
begin any action.

In addition, the SK clock is totally static. Thé user can
completely stop the clock and data shifting will be
stopped. Restarting the clock will resume shifting of
data.

RCL and RECALL

Either a software RCL instruction or a LOW on the
RECALL input will initiate a transfer of E2PROM data
into RAM. This software or hardware recall operation
sets an internal “previous recall” latch. This latch is re-
set upon power-on and must be intentionally set by the
user to enable any write or store operations. Although
a recall operation is performed upon power-up, the pre-
vious recall latch is not set by this operation.

WRDS and WREN

Internally the X24C45 contains a “write enable” latch.
This latch must be set for either writes to the RAM or
store operations to the E2PROM. The WREN instruc-
tion sets the latch and the WRDS instruction resets the
latch, disabling both RAM writes and E2PROM stores,
effectively protecting the nonvolatile data from corrup-
tion. The write enable latch is automatically reset on
power-up. '

STO and STORE ‘
Either the software STO instruction or a LOW on the
STORE input will initiate a transfer of data from RAM to
E2PROM. In order to safeguard against unwanted store
operations, the following conditions must be true:

1. STO instruction issued or STORE input is LOW.

2. The internal write enable latch must be set (WREN
instruction issued).

3. The “previous recall” latch must be set (either a
software or hardware recall operation).

Once the store cycle is initiated, all other device func-
tions are inhibited. Upon completion of the store cycle,
the write enable latch is reset. Refer to Figure 4 for a
state diagram description of enabling/disabling condi-
tions for store operations.
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WRITE

The write instruction contains the 4 bit address of the
word to be written. The write instruction is immediately
followed by the 16-bit word to be written. CE must re-
main HIGH during the entire operation. If CE is brought
LOW prematurely (after the instruction but before 16
bits of data are transferred), the instruction register will
be reset and the data that was shifted-in will be written
to RAM.

If CE is kept HIGH for more than 24 SK clock cycles
(8-bit instruction plus 16-bit data), the data already
shifted-in will be overwritten.

READ

The read instruction contains the 4 bit address of the
word to be accessed. Unlike the other six instructions,
lo of the instruction word is a “don’t care”. This pro-
vides two advantages. In a design that ties both DI and
DO together, the absence of an eighth bit in the in-
struction allows the host time to convert an 1/0 line
from an output to an input. Secondly, it allows for valid
data output during the ninth SK clock cycle.

DO, the first bit output during a read operation, is trun-
cated. That is, it is internally clocked by the falling edge
of the eighth SK clock; whereas, all succeeding bits are
clocked by the rising edge of SK (refer to Read Cycle
Diagram).

LOW POWER MODE

When CE is LOW, non-critical internal devices are pow-
ered-down, placing the device in the standby power
mode, thereby minimizing power consumption.

AUTOSTORE

The autostore instruction sets the autostore enable
latch, allowing the X24C45 to automatically perform a
store operation when V¢ falls below the autostore
threshold.

WRITE PROTECTION

The X24C45 provides two software write protection
mechanisms to prevent inadvertent stores of unknown
data.

Power-Up Condition
Write Enable Latch. Upon power-up the “write enable”
latch is in the reset state, disabling any store operation.

Unknown Data Store

Previous Recall Latch. The “previous recall’” latch must
be set after power-up. It may be set only by performing
a software or hardware recall operation, which assures
that data in all RAM locations is valid.

SYSTEM CONSIDERATIONS

Power-On Recall

The X24C45 performs a power-on recall that transfers
the E2PROM contents to the RAM array. Although the
data may be read from the RAM array, this recall does
not set the “‘previous recall” latch. During this power-
on recall operation, all commands are ignored. There-
fore, the host should delay any operations with the
X24C45 a minimum 200 ps (tpyRr) after Vg is stable.
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®
Commercial X2402 .
2K Industrial X2402 256 x 8 Bit
Electrically Erasable PROM
TYPICAL FEATURES DESCRIPTION

¢ Internally Organized 256 x 8

¢ 2 Wire Serial Interface

® Provides Bidirectional Data Transfer
Protocol

¢ Eight Byte Page Write Mode
—Minimizes Total Write Time Per Byte

o Self Timed Write Cycle
—Typical Write Cycle Time of 5 ms

® High Reliability
—Endurance: 100,000 Writes Per Byte
—Data Retention: 100 Years

© 8 Pin Mini-DIP and 14 Lead SOIC Packages

The X2402 is a 2048 bit serial E2PROM, internally or-
ganized as one 256 x 8 page. The X2402 is fabricated
with the same reliable N-channel floating gate MOS
technology used in all Xicor 5V programmable nonvola-
tile memories.

The X2402 features a serial interface and software pro-
tocol allowing operation on a two wire bus.

Xicor E2PROMSs are designed and tested for applica-
tions requiring extended endurance and data retention.
Endurance is specified as 100,000 cycles per byte min-
imum and data retention is specified as 100 years mini-
mum. Refer to Xicor reliability reports RR-520 and
RR-515 for details of endurance and data retention
characteristics.

PIN CONFIGURATIONS PIN NAMES

‘ YUs Ag to Ap Address Inputs
A ] Vee Vss Ground

e = " - " SDA Serial Data
A TesT 0] E oo scL Serial Clock
a ] scL ACH3 %2402 12 TEST Test Input to Vgg
2 Ne 4 1Ranc Vee Supply Voltage

v : son A, s 10 g sCL

‘ Vss 6 of—3sDA

00351 Ned7 s|ne

0035-11

2-23




X2402, X2402i

ABSOLUTE MAXIMUM RATINGS*

—10°Cto +85°C
—65°Cto +135°C
—65°C to +150°C

X2402|
Storage Temperature
Voltage on any Pin with

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

RespecttoVgg ...ovvovvnviiiiiiiin, —1.0Vto +7V
D.C.QutputCurrent .........coiieiiinninineinnnenns 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERlSTICS

X2402 Tp = 0°C to +70°C, Vgg = +5V *5%, unless otherwise specified.
X24021 Tp = —40°C to +85°C, Voo = +5V +£10%, unless otherwise specified.

Symbol Parameter X2402 Limits X24021 Limits Units| Test Conditions
Min. |Typ.(1)|  Max. | Min. [Typ.()| Max. '
lcc Ve Supply Current 20 30 20 35 mA [fgcL = 100 KHz
Isp Ve Standby Current 15 25 15 30 mA
Iy Input Leakage Current 0.1 10 0.1 10 pA VN = GND to Voo
Lo Output Leakage Current 0.1 10 0.1 10 pA |Vout = GNDto Vg
itp@  |Test Pin Pull Down Current 16 30 16 30 pA |Vin = Vee
ViL®  |input Low Voltage -1.0 0.8 -1.0 0.8 \' '
Vig4  |Input High Voltage 20 Vge +0.51 2.0 Vec +1.0] V
VoL Output Low Voltage 0.4 0.4 V |loL=3mA
ENDURANCE AND DATA RETENTION
Parameter Min. Max. Units Conditions
Endurance 100,000 Cycles/Byte Xicor Reliability Report RR-520
Data Retention 100 Years Xicor Reliability Report RR-515
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Cy/0® input/Output Capacitance (SDA) 8 pF Vijo = OV
Cin®) Input Capacitance (Ag, Ay, Ag, SCL) 6 pF ViN = OV
Notes: (1) Typical values are for T4 = 25°C and nominal sup- A.C. CONDITIONS OF TEST
ply voltage.
(2) Test pin has on chip pull down device which sinks Input Pulse Levels 0Vto0 3.0V
3) _1”6“: Ap;?:::tlc)e:oi: Sr?‘eriodically sampled and not Input R ise and 10ns
100% tested. Fall Times
(4) VL min. and V)4 max. are for reference only and are Input and Output
not tested. Timing Levels 18V
Output Load 2;:2' 1G0a(;(; ,‘;I"d
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A.C. CHARACTERISTICS

X2402 Tp = 0°C to +70°C, Voo = +5V £5%, unless otherwise specified.
X2402| Tp = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.

Read & Write Cycle Limits

Symbol Parameter Min. Max. Units

fsoL SCL Clock Frequency 0 100 KHz

Ty Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs

tAA SCL Low to SDA Data Out 3.5 us
and ACK Out

tBUF Time the Bus Must be Free Before 4.7 us
a New Transmission Can Start

tHD:STA Start Condition Hold Time 4.0 us

tLow Clock Low Period 4.7 us

tHIGH Clock High Period 4.0 us

tsy:sTA Start Condition Setup Time 4.7 us
(for a Repeated Start Condition)

tHD:DAT Data In Hold Time 0 us

tSuU:DAT Data In Setup Time 250 ns

tR SDA and SCL Rise Time 1 us

tp SDA and SCL Fall Time 300 ns

tsu:sTO Stop Condition Setup Time 4.7 us

toH Data Out Hold Time 300 ns

Write Cycle Limits
Symbol Parameter Min. Typ(5) Max. Units
twRr Write Cycle Time 5 10 ms

The write cycle time is the time from a valid stop condi-
tion of a write sequence to the end of the internal
erase/program cycle. During the write cycle, the X2402

bus interface circuits are disabled, SDA is allowed to
remain high, and the device does not respond to its

slave address.

Bus Timing
tr
— tuigH

tLow

SCL
tsu:sTa typ:sTA HD:DAT

SDA

IN /

tan taur

SDA
out XXXXXXXXXXXXXXXA

0035-3

Note: (5) Typical values are for Tp = 25°C and nominal supply voltage.
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Write Cycle Timing
SCL — — — — —
soa """~ \_

WORD n

STOP
CONDITION

START
CONDITION

X2402
ADDRESS

0035-4

PIN DESCRIPTIONS

Serial Clock (SCL)

The SCL input is used to clock all data into and out of
the device.

Serial Data (SDA)

SDA is a bidirectional pin used to transfer data into and
out of the device. It is an open drain output and may be
wire-ORed with any number of open drain or open col-
lector outputs.

Address (Ag, A1, A2)

The Address inputs are used to set the least significant
three bits of the seven bit slave address. The inputs
are static, and should be tied HIGH or LOW, forming
one unique address per device.

Figure 1: Data Validity

DEVICE OPERATION

The X2402 supports a bidirectional bus oriented proto-
col. The protocol defines any device that sends data
onto the bus as a transmitter, and the receiving device
as the receiver. The device controlling the transfer is a
master and the device being controlled is the slave.
The master will always initiate data transfers, and pro-
vide the clock for both transmit and receive operations.
Therefore, the X2402 will be considered a slave in all
applications.

Clock and Data Conventions

Data states on the SDA line can change only during
SCL LOW. SDA state changes during SCL HIGH are
reserved for indication start and stop conditions. Refer
to Figures 1 and 2.

SDA

SCL

DATA STABLE

0035-5
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Figure 2: Definition of Start and Stop

START BIT

v
SoA w
e e o D e VY S B

| [
' |
! 1
|
|
]
! [
1
| |
] 1
| |
' |

t !

STOP BIT
0035-6

Start Condition

All commands are preceded by the start condition,
which is a HIGH to LOW transition of SDA when SCL is
HIGH. The X2402 continuously monitors the SDA and
SCL lines for the start condition and will not respond to
any command until this condition has been met.

Stop Condition

All communications are terminated by a stop condition,
which is a LOW to HIGH transition of SDA when SCL is
HIGH.

Figure 3: Acknowledge Response from Receiver

Acknowledge

Acknowledge is a software convention used to indicate
successful data transfers. The transmitting device, ei-
ther master or slave, will release the bus after transmit-
ting eight bits. During the ninth clock cycle the receiver
will pull the SDA line LOW to acknowledge that it re-
ceived the eight bits of data. Refer to Figure 3.

The X2402 will always respond with an acknowledge
after recognition of a start condition and its slave ad-
dress. If both the device and a write operation have
been selected, the X2402 will respond with an ac-
knowledge after the receipt of each subsequent eight
bit word. .

SCL FROM

MASTER

A/ v\

Wy

DATA
OUTPUT

—\f X

TRANSMITTEH

DATA

B __-r__-_

OUTPUT
FRO|
RECEIVER

START

I

ACKNOWLEDGE
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In the read mode the X2402 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X2402
will continue to transmit data. If an acknowledge is not
detected, the X2402 wili terminate further data trans-
missions and await the stop condition.

DEVICE ADDRESSING

Following a start condition the bus master must output
the address of the slave it is accessing. The most sig-
nificant four bits of the slave address are the device
type identifier (see Figure 4). For the X2402 this is fixed
as 1010(B]. ' '

Figure 4: Slave Address

DEVICE TYPE
IDENTIFIER

T T T 1 T T T
r1 0 1 0 A2 A1 A0 n/w|
1 i L L L 1 L

DEVICE
ADDRESS
0035-8

The next three significant bits address a particular de-
vice. A system could have up to eight X2402 devices
on the bus (see Figure 10). The eight addresses are
defined by the state of the Ag, A and Ay inputs.

Figure 5: Byte Write

The last bit of the slave address defines the operation
to be performed. When set to one a read operation is
selected; when set to zero a write operation is
selected.

Following the start condition, the X2402 monitors the
SDA bus comparing the slave address being transmit-
ted with its address (device type and state of Ag, Aq
and A, inputs). Upon a compare the X2402 outputs an
acknowledge on the SDA line. Depending on the state
of the R/W bit, the X2402 will execute a read or write
operation.

WRITE OPERATIONS

Byte Write

For a write operation, the X2402 requires a second ad-
dress field. This address field is the word address,
comprised of eight bits, providing access to any one of
the 256 words of memory. Upon receipt of the word
address the X2402 responds with an acknowledge and
awaits the next eight bits of data, again responding
with an acknowledge. The master then terminates the
transfer by generating a stop condition, at which time
the X2402 begins the internal write cycle to the nonvol-
atile memory. While the internal write cycle is in prog-
ress the X2402 inputs are disabled, and the device will
not respond to any requests from the master. Refer to
Figure 5 for the address, acknowledge and data trans-
fer sequence.
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o rﬂ o-®n

i ]
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MASTER R ADDRESS

T
SDA LINE | |

A, L

BUS ACTIVITY:
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xO0P>

A
C
K
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Figure 6: Page Write

S
T S
BUS ACTIVITY: A SLAVE T
MASTER ? ADDRESS WORD ADDRESS (n) DATA n DATA n+1 DATA n+7 o
- P
SDA LINE B_Lﬂ_m |’ T T 1T T 1717 I T T T T7 TTI I—I_I—V_V—V'W_F‘I
i 1 TR B S N | | [T S T S R | [ S S |
. A A A A A
BUS ACTIVITY: c c c c c
X2402 K K K K K
0035-10
NOTE: In this example n = XXXX X000(B); X = 1 or 0
Page Write involves issuing the start condition followed by the

The X2402 is capable of an eight byte page write oper-
ation. It is initiated in the same manner as the byte
write operation, but instead of terminating the write cy-
cle after the first data word is transferred, the master
can transmit up to seven more words. After the receipt
of each word, the X2402 will respond with an
acknowledge.

After the receipt of each word, the three low order ad-
dress bits are internally incremented by one. The high
order five bits of the address remain constant. Iif the
master should transmit more than eight words prior to
generating the stop condition, the address counter will
“roll over” and the previously written data will be over-
written. As with the byte write operation, all inputs are
disabled until completion of the internal write cycle. Re-
fer to Figure 6 for the address, acknowledge and data
transfer sequence.

Acknowledge Polling

The disabling of the inputs can be used to take advan-
tage of the typical 5 ms write cycle time. Once the stop
condition is issued to indicate the end of the host’s
write operation the X2402 initiates the internal write cy-
cle. ACK polling can be initiated immediately. This

Figure 7: Current Address Read

slave address for a write operation. If the X2402 is still
busy with the write operation no ACK will be returned. If
the X2402 has completed the write operation an ACK
will be returned and the host can then proceed with the
next read or write operation.

READ OPERATIONS

Read operations are initiated in the same manner as
write operations with the exception that the R/W bit of
the slave address is set to a one. There are three basic
read operations: current address read, random read
and sequential read.

Current Address Read

Internally the X2402 contains an address counter that
maintains the address of the last word accessed, incre-
mented by one. Therefore, if the last access (either a
read or write) was to address n, the next read opera-
tion would access data from address n+1. Upon re-
ceipt of the slave address with R/W set to one, the
X2402 issues an acknowledge and transmits the eight
bit word. The master does not acknowledge the trans-
fer but does generate a stop condition and the X2402
discontinues transmission. Refer to Figure 7 for the se-
quence of address, acknowledge and data transfer.

S

T
BUS ACTIVITY: A SLAVE
MASTER R ADDRESS

) e
SDA LINE I:I I | I
BUS ACTIVITY:
X2402
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Figure 8: Random Read

s s

T T S
BUS ACTIVITY: A SLAVE WORD A SLAVE T
MASTER R ADDRESS ADDRESS n R ADDRESS o

T T P

T 7 T i1 17rrrrry
SDA LINE Eﬂ_ﬂl | I IIslIl“ IH ”:]
{1 ! TR N A A | 14
A A . S ——

BUS ACTIVITY: c c c DATA n
X2402 K K K

0035-14

Random Read

Random read operations allow the master to access
any memory location in a random manner. Prior to issu-
ing the slave address with the R/W bit set to one, the
master must first perform a “dummy” write operation.
The master issues the start condition, and the slave
address followed by the word address it is to read. Af-
ter the word address acknowledge, the master immedi-
ately reissues the start condition and the slave address
with the R/W bit set to one. This will be followed by an
acknowledge from the X2402 and then by the eight bit
word. The master does not acknowledge the transfer
but does generate a stop condition and the X2402 dis-
continues transmission. Refer to Figure 8 for the ad-
dress, acknowledge and data transfer sequence.

Sequential Read
Sequential reads can be initiated as either a current ad-
dress read or random access read. The first word is

Figure 9: Sequential Read

transmitted as with the other read modes, however, the
master now responds with an acknowledge, indicating
it requires additional data. The X2402 continues to out-
put data for each acknowledge received. The read op-
eration is terminated by the master not responding with
an acknowledge and generating a stop condition.

The data output is sequential, with the data from ad-
dress n followed by the data from n+ 1. The address
counter for read operations increments all eight ad-
dress bits, allowing the entire memory contents of the
current 256 word page to be serially read during one
operation. If more than 256 words are read, the counter
“rolls over” and the X2402 continues to output data
from the same 256 word page for each acknowledge
received. Refer to Figure 9 for the address, acknowl-
edge and data transfer sequence.

S
BUS ACTIVITY: SLAVE A A A T
MASTER ADDRESS c c c o
— K K K P
——'—l I L B O I_I r1 T T T 171 l TT T T T T m
SDA LINE | AN RN R | bbb 2 L) llllLJl [ R S
A P ——————
BUS ACTIVITY: C DATA n DATA n+1 DATA n +2 DATA n+x
X2402 K
0035-15
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Figure 10: Typical System Configuration
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Normalized Standby Supply Current

Normalized Active Supply Current
vs. Ambient Temperature

vs. Ambient Temperature

1.4 1.4
Vee=5.0V Ve =5.0V
o 12 \ @ 12
° »
8 2
¥ o 5 10
3 3
(4 [+
g 2
08 \ 08 >~
0.6 0.6
=55 +25 +125 =55 +25 +125
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
0035-17 0035-18
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ_ 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
- Iy ) Center Line
w N/A is High
Impedance
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®

Commercial

4K Industrial

X2404
X24041

512 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES

¢ Internally Organized as Two Pages
—Each 256 x 8

® 2 Wire Serial Interface

® Provides Bidirectional Data Transfer
Protocol

¢ Eight Byte Page Write Mode
—Minimizes Total Write Time Per Byte

¢ Self Timed Write Cycle
—Typical Write Cycle Time of 5 ms

¢ High Reliability
—Endurance: 100,000 Writes Per Byte
—Data Retention: 100 Years

¢ 8 Pin Mini-DIP and 14 Lead SOIC Packages

DESCRIPTION

The X2404 is a 4096 bit serial E2PROM, internally or-
ganized as two 256 x 8 pages. The X2404 is fabricated
with the same reliable N-channel floating gate MOS
technology used in all Xicor 5V programmable nonvola-
tile memories.

The X2404 features a serial interface and software pro-
tocol allowing operation on a two wire bus.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance and data retention.
Endurance is specified as 100,000 cycles per byte min-
imum and data retention is specified as 100 years mini-
mum. Refer to Xicor reliability reports RR-520 and
RR-515 for details of endurance and data retention
characteristics.

PIN CONFIGURATIONS PIN NAMES
U Ag to Az Address Inputs
-/ V. Ground
A 1 s[Jv ss
= ] vee = A ] S SDA Serial Data
A2 7] ] vest dos 1 Ve SCL Serial Clock
X2404 Acq3 X2404 12 E TEST Test Input to Vgg
A [ ] 6 b scL NeCq4 TRanNe Vee Supply Voltage
Ay g 5 10f7gscL
ves [ ]4 s{_]soa Vss 46 9L SDA
Ne7 8N
0041-1
0041-19
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ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias ’
X2404 .............oiiiiiiii:...—10°C o +85°C
X24041 ... .—65°Cto +135°C
Storage Temperature .................... —65°C to +150°C
Voltage on any Pin with

Respectto Vgg «.ovvvvvninniiiiiiian —1.0Vto +7V
D.C.OutputCurrent..........c.ooiviieeevieiannn, 5 mA
Lead Temperature

(Soldering, 10 Seconds)

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability. :

X2404 Tp = 0°C to +70°C, Vgc = +5V £5%, unless otherwise specified.
X2404| Tpo = —40°C to +85°C, Voo = +5V +£10%, unless otherwise specified.

Symbol Parameter X2404 Limits X2404ILimits _ |\ynits| Test Conditions
Min. |Typ.()| Max. | Min.|Typ.(1)| Max. )
Icc Vce Supply Current - 20 30 20 35 mA (fggL = 100 KHz
Isg Vcc Standby Current 15 25 15 30 mA ‘ .
I Input Leakage Current 0.1 10 0.1 10 pA ViN = GNDto Ve
Lo Output Leakage Current 0.1 10 0.1 10 pA VOQT = GND to V¢
Itp(® | Test Pin Pull Down Current 16 30 16 30 pA [VIN = Voo
ViL4  |input Low Voltage -1.0 08 |-1.0 0.8 v
ViH@4  |Input High Voltage 2.0 Vee +0.5] 2.0 Vege +1.0] V
VoL Output Low Voltage 0.4 0.4 V |lop=3mA
ENDURANCE AND DATA RETENTION
Parameter Min. Max. Units Conditions
Endurance 100,000 Cycles/Byte Xicor Reliability Report RR-520
Data Retention 100 Years Xicor Reliability Report RR-515
CAPACITANCE Ta = 25°C, f = 1.0 MHz, Voo = 5V
Symbol Test Max. Units Conditions
Ci/0®) Input/Output Capacitance (SDA) 8 pF Vijo = OV
Cin® Input Capacitance (Ag, A4, A, SCL) 6 pF ViN = OV

Notes: (1) Typical values are for To = 25°C and nominal supply voltage.
(2) Test pin has on chip pull down device which sinks 16 pA (typical) to Vgs.
{3) This parameter is periodically sampled and not 100% tested.
(4) V)L min. and V|iy max. are for reference only and are not tested.
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A.C. CONDITIONS OF TEST

SYMBOL TABLE

Input Pulse Levels OV to 3.0V WAVEFORM INPUTS OUTPUTS
Input Rise and Must be Will be
Fall Times 10 ns steady steady
Input and Output 15V May change Will change
Timing Levels : _ﬁ_ from Low to from Low to
1 TTL Gate and Figh High
Output Load C =1 ane 'a:ln May change Will change
L P _“_ from High to from High to
Low Low
Don't Care: Changing :
XXXXX Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
A.C. CHARACTERISTICS
X2404 Tp = 0°C to +70°C, Vgc = +5V £5%, unless otherwise specified.
X2404]1 Tp = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.
Read & Write Cycle Limits
Symbol Parameter Min. Max. Units
fscL SCL Clock Frequency 0 100 KHz
T Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs
taa SCL Low to SDA Data Out
and ACK Out 8.5 ps
tBUF Time the Bus Must be Free Before 47 s
a New Transmission Can Start ) w
tHD:STA Start Condition Hold Time 4.0 us
tLow Clock Low Period 4.7 us
tHIGH Clock High Period 4.0 us
tsu:sTA Start Condition Setup Time 47 s
(for a Repeated Start Condition) ’ L
tHD:DAT Data In Hold Time 0 us
tsu:DAT Data In Setup Time 250 ns
tr SDA and SCL Rise Time 1 us
te SDA and SCL Fall Time 300 ns
tsu:sTO Stop Condition Setup Time 47 us
toH Data Out Hold Time 300 ns
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Write Cycle Limits

Symbol Parameter Min. Typ.(5) Max. - Units
twr Wirite Cycle Time 5 10 ms
Address (Aq, Ag)

The write cycle time is the time from a valid stop condi-
tion of a write sequence to the end of the internal
erase/program cycle. During the write cycle, the X2404
bus interface circuits are disabled, SDA is allowed to
remain high, and the device does not respond to its

The Address inputs are used to set the least significant
two bits of the six bit slave address. The inputs are
static, and should be tied HIGH or LOW, formlng one
unique address per device.

slave address. DEVICE OPERATION
PIN DESCRIPTIONS . The X2404 supports a bidirectional bus oriented proto-
Serial Clock (SCL) col. The protocol defines any device that sends data

onto the bus as a transmitter, and the receiving device
as the receiver. The device controlling the transfer is a
master and the device being controlled is the slave.
Serial Data (SDA) : The master will always initiate data transfers, and pro-
SDA is a bidirectional pin used to transfer data into and vide the clock for both transmit and receive operations.
out of the device. It is an open drain output and may be Therefore, the X2404 will be considered a slave in all
wire-ORed with any number of open drain or open col- applications.

lector outputs.

The SCL input is used to clock all data mto and out of
the device.

Clock and Data Conventions

Address (Ag) Data states on the SDA line can change only during
Ap is unused by the X2404, however, it must be tied to SCL LOW. SDA state changes during SCL HIGH are
Vss to ensure proper device operation. reserved for indication start and stop conditions. Refer
to Figures 1-and 2.
Bus Timing
N3 R
— t,
tow r H'GH_.I F—tLow r—
scL N s j
tsu:sTalej - tHp:sTA tHp:DaT tsu:0AT tsu:sTo - '
SDA "
N L L L
I'—'I AA "—-’1 DH BUF
SDA \/ v \VAVAV,
XXXXXXXXXXXXXXXN X
' 0041-3
Write Cycle Timing
sCL — — — — —
L L
soa _ T —7 \__
WORD n N -]
™ wh 1 .
STOP START X2404
CONDITION CONDITION ADDRESS
0041-4

Note: (5) Typical values are for Ty = 25°C and nominal supply voltage.
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Figure 1: Data Validity

SDA VA

L

DATA STABLE c DATA

—_—— -t -

HANGE
0041-5
Figure 2: Definition of Start and Stop
t | | |
! i ] {
A T\
! !
i
o P
scL w——
: i | ]
1 | 1 |
t ! 1 !
START BIT STOP BIT
0041-6
Start Condition Acknowiedge
All commands are preceded by the start condition, Acknowledge is a software convention used to indicate

which is a HIGH to LOW transition of SDA when SCL is successful data transfers. The transmitting device, ei-
HIGH. The X2404 continuously monitors the SDA and ther master or slave, will release the bus after transmit-
SCL lines for the start condition and will not respond to ting eight bits. During the ninth clock cycle the receiver
any command until this condition has been met. will pull the SDA line LOW to acknowledge that it re-

Stop Condition ceived the eight bits of data. Refer to Figure 3.

All communications are terminated by a stop condition, The X2404 will always respond with an acknowledge
which is a LOW to HIGH transition of SDA when SCL is after recognition of a start condition and its slave ad-
HIGH. dress. If both the device and a write operation have

been selected, the X2404 will respond with an ac-
knowledge after the receipt of each subsequent eight
bit word.
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Figure 3: Acknowledge Response from Receiver
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In the read mode the X2404 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X2404
will continue to transmit data. If an acknowledge is not
detected, the X2404 will terminate further data trans-
missions and await the stop condition.

DEVICE ADDRESSING

Following a start condition the bus master must output
the address of the slave it is accessing. The most sig-
nificant four bits of the slave address are the device
type identifier (see Figure 4). For the X2404 this is fixed
as 1010[B]. ) :

Figure 4: Slave Address

DEVICE TYPE
IDENTIFIER
e ————

T T T T T T T
1 0 1t 0 A2 A1 A0 RMW
1 L 1 1 1 1 1
— ar—
DEVICE
ADDRESS

PAGE
SELECT

—

0041-8

The next two significant bits address a particular de-
vice. A system could have up to four X2404 devices on
the bus (see Figure 10). The four addresses are de-
fined by the state of the Ay and A inputs.

The next bit of the slave address field (bit 1) is the
page select bit. It is used by the host to toggle between
the two 256 word pages of memory.

The last bit of the slave address defines the operation
to be performed. When set to one a read operation
is selected; when set to zero a write operation is
selected.

Following the start condition, the X2404 monitors the
SDA bus comparing the slave address being transmit-
ted with its address (device type and state of Ay and
Ao inputs). Upon a compare the X2404 outputs an ac-
knowledge on the SDA line. Depending on the state of
the R/W bit, the X2404 will execute a read or write
operation.

WRITE OPERATIONS

Byte Write

For a write operation, the X2404 requires a second ad-
dress field. This address field is the word address,
comprised of eight bits, providing access to any one of
the 256 words of memory. Upon receipt of the word
address the X2404 responds with an acknowledge and
awaits the next eight bits of data, again responding
with an acknowledge. The master then terminates the
transfer by generating a stop condition, at which time
the X2404 begins the internal write cycle to the nonvol-
atile memory. While the internal write cycle is in prog-
ress the X2404 inputs are disabled, and the device will
not respond to any requests from the master. Refer to
Figure 5 for the address, acknowledge and data trans-
fer sequence.
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Figure 5: Byte Write

]
T S
BUS ACTIVITY: A SLAVE WORD T
MASTER R ADDRESS ADDRESS DATA ]
T P
LN SN N B B B
SDA LINE H‘U‘II"I[ ]I"""'llpl
11 1 Ll 1l . 1l T T ]
BUS ACTIVITY: A A A
X2404 c c c
K K K
0041-9
Figure 6: Page Write
s
T ]
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS WORD ADDRESS (n) DATA n DATA n +1 DATA n+7 g
T ]
SDA LINE E—L—,—I I T T l l LIS B SR | I LI B BN B B B | ] l TT1 T T 17171 lm
11 | £ T R R T B T | ) S B I | ) I S N Y B B |
A A A A A
BUS ACTIVITY: c c c c c
X2404 K K K K. K
0041-10
NOTE: In this example n = XXXX X000(B); X = 10r0
Page Write involves issuing the start condition followed by the

The X2404 is capable of an eight byte page write oper-
ation. It is initiated in the same manner as the byte
write operation, but instead of terminating the write
cycle after the first data word is transferred, the master
can transmit up to seven more words. After the receipt
of each word, the X2404 will respond with an
acknowledge.

After the receipt of each word, the three low order ad-
dress bits are internally incremented by one. The high
order five bits of the address remain constant. If the
master should transmit more than eight words prior to
generating the stop condition, the address counter will
“roll over” and the previously written data will be over-
written. As with the byte write operation, all inputs are
disabled until completion of the internal write cycle. Re-
fer to Figure 6 for the address, acknowledge and data
transfer sequence.

Acknowledge Polling

The disabling of the inputs can be used to take advan-
tage of the typical 5 ms write cycle time. Once the stop
condition is issued to indicate the end of the host’s
write operation the X2404 initiates the internal write cy-
cle. ACK polling can be initiated immediately. This

slave address for a write operation. If the X2404 is still
busy with the write operation no ACK will be returned. If
the X2404 has completed the write operation an ACK
will be returned and the host can then proceed with the
next read or write operation.

READ OPERATIONS

Read operations are initiated in the same manner as
write operations with the exception that the R/W bit of
the slave address is set to a one. There are three basic
read operations: current address read, random read
and sequential read.

Current Address Read

Internally the X2404 contains an address counter that
maintains the address of the last word accessed, incre-
mented by one. Therefore, if the last access (either a
read or write) was to address n, the next read opera-
tion would access data from address n+1. Upon re-
ceipt of the slave address with R/W set to one, the
X2404 issues an acknowledge and transmits the eight
bit word. The master does not acknowledge the trans-
fer but does generate a stop condition and the X2404
discontinues transmission. Refer to Figure 7 for the se-
quence of address, acknowledge and data transfer.
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Figure 7: Current Address Read
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Random Read

Random read operations allow the master to access
any memory location in a random manner. Prior to issu-
ing the slave address with the R/W bit set to one, the
master must first perform a “dummy” write operation.
The master issues the start condition, and the slave
address followed by the word address it is to read. Af-
ter the word address acknowledge, the master immedi-
ately reissues the start condition and the slave address
with the R/W bit set to one. This will be followed by an
acknowledge from the X2404 and then by the eight bit
word. The master does not acknowledge the' transfer
but does generate a stop condition and the X2404 dis-
continues transmission. Refer to Figure 8 for the ad-
dress, acknowledge and data transfer sequence.

Sequential Read

Sequential reads can be initiated as either a current ad-
dress read or random access read. The first word is
transmitted as with the other read modes, however, the
master now responds with an acknowledge, indicating
it requires additional data. The X2404 continues to out-
put data for each acknowledge received. The read op-
eration is terminaied by ihe masier not responding with
an acknowledge and generating a stop condition.

The data output is sequential, with the data from ad-
dress n followed by the data from n+1. The address
counter for read operations increments all eight ad-
dress bits, allowing the entire memory contents of the
current 256 word page to be serially read during one
operation. If more than 256 words are read, the counter
“rolls over” and the X2404 continues to output data
from the same 256 word page for each acknowledge
received. Refer to Figure 9 for the address, acknowl-
edge and data transfer sequence.

ENDURANCE

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMs is approximately
12 million cycles, as documented in RR504, the Xicor
Reliability Report on Endurance. Included in that report
is a method for determining the expected endurance of
the device based upon the specific application environ-
ment. RR504 and additional reliability reports are avail-
able from Xicor.

Figure 8: Random Read
s s
T T s
BUS ACTIVITY: A SLAVE WORD A SLAVE ST
MASTER R  ADDRESS ADDRESS n R ADDRESS o
T A 3 P
T T T T T T 7T LR LINNR BN B B B §
sonume ([T LENTTLE IE
L1 L I B [ S B B |
] A A A e
 BUS ACTIVITY: c M M DATA n
X2404 K

0041-14
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Figure 9: Sequential Read
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Figure 10: Typical System Configuration
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Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
- vs. Ambient Temperature
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0.6
=55 +25 +125

AMBIENT TEMPERATURE (°C)

0041-18
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PRELIMINARY INFORMATION ’ ®
Commercial X24C01 .
1K Industrial X24C011 128 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES DESCRIPTION

¢ Low Power CMOS The X24C01 is a CMOS 1024 bit serial E2PROM, inter-
—Active Current Less Than 1 mA nally organized as 128 x 8. The X24C01 features a seri-
—Standby Current Less Than 50 pA al interface and software protocol allowing operation

¢ Internally Organized 128 x 8 on a simple two wire bus.

*2 w.'"? Ser.ial Interface Xicor E2PROMs are designed and tested for applica-
—aBidirectional Data Transfer Protocol tions requiring extended endurance. Inherent data re-

¢ Four Byte Page Write Mode tention is greater than 100 years. Refer to RR-515 for

o Self Timed Write Cycle details of data retention characteristics, and RR-520 for
—Typical Write Cycle Time of 5 ms endurance cycling information for Xicor nonvolatile

o High Reliability memories. '

—Endurance: 100,000 Cycles Per Byte
—Data Retention: 100 Years
© 8-Pin Mini-DIP and 8-Pin SOIC Packages

PIN CONFIGURATIONS

PLASTIC ) . SolIC PIN NAMES
U \_J NC No Connect
Ne [ 8 b Veo Ne 1 8RVee Vsg  Ground
Vocc  Supply Voltage
2 7
ne ]2 7[Jne NS X24C01 ENC SDA - Serial Data
X24C01 NC 3 6 SCL 3
v [ ol scL = SCL  Serial Clock
vss O 4 5[y SbA
Ves ¢ 5 SDA 0107-2
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
X24C01 ....
X24C011 . ..

Storage Température
Voltage on any Pin with

..—65°Cto +135°C
..—65°Cto +150°C

RespecttoVgg ..ovovvvveniniieni, —1.0Vto +7V
D.C.OutputCurrent ...........ooiiriiiiinrnn, 5 mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

...—10°Cto +85°C.

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability. :

X24C01 Tp = 0°C to +70°C, Voo = 3V to 5.5V, unless otherwise specified.
X24C011 Tp = —40°C to +85°C, Vg = 3V to 5.5V, unless otherwise specified.
Ve range for the X24C01 and X24C011 are defined in the Ordering Information table.

Symbol Parameter Limits Units Test Conditions
Min. Max.
lcc Ve Supply Current 1 mA | SCL = CMOS Levels @ 100 KHz,
SDA = Open, All Other Inputs = GND
orVgg — 0.3V
Isg1(V | Vg Standby Current 100 pA | SCL = SDA = Vg, All Other
Inputs = GND or Vgg, Voc = 5V +10%
Isg2(V | Vg Standby Current 50 pA | SCL = SDA = Vg, All Other
Inputs = GND or Vcg, Vo = 3.3V £10%
U Input Leakage Current 10 pA | Vi = GNDto Voo
Lo Output Leakage Current 10 rA | Vout = GNDto Voo
VL Input Low Voltage -1.0 Veo X0.3 \'
ViH@) Input High Voltage Veg X0.7 | Vo +0.5 \'
VoL Output Low Voltage 0.4 \" loL = 2.1mA
ENDURANCE AND DATA RETENTION
Parameter Min. Max. Units Conditions
Minimum Endurance 100,000 Cycles/Byte Xicor Reliability Report RR-520
Data Retention 100 Years Xicor Reliability Report RR-515
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Voo = 5V
Symbol Test Max. Units Conditions
Ci/0® Input/Output Capacitance (SDA) 8 pF Viyo = OV
CiN® input Capacitance (SCL) 6 pF VIN = OV

Notes: (1) Must perform a stop command prior to measure-
ment.

(2) Vi min. and V|4 max. are for reference only and are
not tested.

(3) This parameter is periodically sampled and not
100% tested.

A.C. CONDITIONS OF TEST
Vge X0.1t0 Vg X0.9

Input Pulse Levels

Input Rise and

Fall Times 10ns

Input and Output

Timing Levels Voc %05

1 TTL Gate and

Output Load CL = 100 pF
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A.C. CHARACTERISTICS LIMITS

X24C01 Tp = 0°C to +70°C, Voo = 3V to 5.5V, unless otherwise specified.
X24C011 Tp = —40°C to +85°C, Vg = 3V to 5.5V, unless otherwise specified.
Vg range for the X24C01 and X24C01I are defined in the Ordering Information table.

Read & Write Cycle Limits

Symbol Parameter Min. Max. Units
fscL SCL Clock Frequency 0 100 KHz
T Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs
tAA SCL Low to SDA Data Out Valid 0.3 3.5 us
tBUF Time the Bug M.ust Be Free Before a 47 ps
New Transmission Can Start
tHD:STA Start Condition Hold Time 4.0 us
tLow Clock Low Period 4.7 us
tHIGH Clock High Period 4.0 us
tsu:sTA Start Condition Setup Time 4.7 us
tHD:DAT Data In Hold Time 0 us
tsu-DAT Data In Setup Time 250 ns
tR SDA and SCL Rise Time 1 us
tF SDA and SCL Fall Time 300 ns
tsu:sTO Stop Condition Setup Time 4.7 us
toH Data Out Hold Time 300 ns
Typical Power-Up Timing

Symbol Parameter Max. Units

tpyr® Power-Up to Read Operation 1 ms

tpuw® Power-Up to Write Operation 5 ms

Bus Timing
tr tr
tHicH "—
scL \‘
tsu:sTa tHD:sTA tup:pAT tsupat  tsuisto
N [
taa tou tBur
SDA }
ouT
0107-3

Note: (4) tpyr and tpyw are the delays required from the time Vgg is stable until the specified operation can be initiated. These
parameters are periodically sampled and not 100% tested.
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Write Cycle Limits
Symbol Parameter Min. Typ.(9 Max. Units
twr® Write Cycle Time 5 10 ms

The write cycle time is the time from a valid stop condition of a write sequence to the end of the internal erase/pro-
gram cycle. During the write cycle, the X24C01 bus interface circuits are disabled, SDA is allowed to remain high,
and the device does not respond to its word address.

Write Cycle Timing

SDA

[ \__

WORD n
———————typ
sTOP START X24C01
CONDITION CONDITION ADDRESS
0107-4

PIN DESCRIPTIONS as the receiver. The device controlling the transfer is a
Serial Clock (SCL) master and the device being controlled is the slave.
The SCL input is used to clock all data into and out of  The master will always initiate data transfers and pro-
the device. vide the clock for both transmit and receive operations.
Serial Data (SDA) Therefore, the X24C01 will be considered a slave in all

SDA is a bidirectional pin used to transfer data into and  @Pplications.

out of the device. It is an open drain output and may be Clock and Data Conventions

wire-ORed with any number of open drain or open col-  pata states on the SDA line can change only during
lector outputs. SCL LOW. SDA state changes during SCL HIGH are
reserved for indicating start and stop conditions. Refer

An open drain output requires the use of a pull-up re- .
to Figures 1 and 2.

sistor. For selecting typical values, refer to the Guide-

lines for Calculating Typical Values of Bus Pull-Up Re- Start Condition
sistors graph. All commands are preceded by the start condition,

HIGH. The X24C01 continuously monitors the SDA and
SCL lines for the start condition and will not respond to
any command until this condition has been met.

The X24C01 supports a bidirectional bus oriented pro-
tocol. The protocol defines any device that sends data
onto the bus as a transmitter and the receiving device

Notes: (5) Typical values are for To = 25°C and nominai suppiy voitage (5V).

(6) twr is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the
maximum time the device requires to automatically complete the internal write operation.
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Figure 1: Data Validity

SDA

AX

k

/

DATA STABLE  DATA |
CHANGE 0107-5
Figure 2: Definition of Start and Stop
i i ) i
1 1 1 1
1 1 | 1
1 1 1 1
! ' 1 1
1 1
SDA 1 \ | / \ i / '
' ' 1 1
I 1
| 1 1 v
1 1] ] 1
START BIT STOP BIT 0107-6

Stop Condition

All communications must be terminated by a stop con-
dition, which is a LOW to HIGH transition of SDA when
SCL is HIGH. The stop condition is also used by the
X24C01 to place the device in the standby power mode
after a read sequence. A stop condition can only be
issued after the transmitting device has released the
bus.

Acknowledge

Acknowledge is a software convention used to indicate
successful data transfers. The transmitting device will
release the bus after transmitting eight bits. During the
ninth clock cycle the receiver will pull the SDA line
LOW to acknowledge that it received the eight bits of
data. Refer to Figure 3.

Figure 3: Acknowledge Response From Receiver

The X24CO01 will respond with an acknowledge after
recognition of a start condition, a seven bit word ad-
dress and a R/W bit. If a write operation has been se-
lected, the X24C01 will respond with an acknowledge
after each byte of data is received.

In the read mode the X24C01 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X24C01
will continue to transmit data. If an acknowledge is not
detected, the X24C01 will terminate further data trans-
missions. The master must then issue a stop condition
to return the X24C01 to the standby power mode and
place the device into a known state.

sCL

OUTPUT _'\ l

A

TRANSMITTER

ATA
OUTPUT
FROM
RECEIVER

START

ACKNOWLEDGE
0107-7
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WRITE OPERATIONS

‘Byte Write
To initiate a write operation, the master sends a start

condition followed by a seven bit word address and a:

write bit. The X24C01 responds with an acknowledge,
then waits for eight bits of data and then responds with
-an acknowledge. The master then terminates the trans-

fer by generating a stop condition, at which time the

X24C01 begins the internal write cycle to the nonvola-
tile memory. While the internal write cycle is in prog-
ress, the X24C01 inputs are disabled, and the device
will not respond to any requests from the master. Refer
to Figure 4 for the address, acknowledge and data
transfer sequence.

Figure 4: Byte Write

Page Write

The most significant five bits of the word address de-
fine the page address. The X24C01 is capable of a four
byte page write operation. It is initiated in the same
manner as the byte write operation, but instead of ter-
minating the transfer of data after the first data byte,
the master can transmit up to three more bytes. After
the receipt of each data byte, the X24C01 will respond
with an acknowledge.

After the receipt of each data byte, the two low order
address bits are internally incremented by one. The
high order five bits of the address remain constant. If
the master should transmit more than four data bytes
prior to generating the stop condition, the address
counter will “roll over” and the previously transmitted
data will be overwritten. As with the byte write opera-
tion, all inputs are disabled untii completion of the inter-
nal write cycle. Refer to Figure 5 for the address, ac-
knowledge and data transfer sequence.

s
T s
A WORD T
BUS AcTviry R APDRESS (n) DATA n 0
swow (T (T b
BUS ACTMITY: M LRA A
X24C01  S. s/c ¢
B B K K
: 0107-8
Figure 5: Page Write
s
T : s
A WORD ) 7
BUS ACTIVITY $ ADDRESS (n) DATA n DATA n#1 DATANtS O
soaume fsf b b e Y R
BUS ACTVITY: M LRA A A A
X24C01 S s/c c c c
B B K K K K
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Acknowledge Polling Fiow 1: ACK Polling Sequence
The disabling of the inputs can be used to take advan-
tage of the typical 5 ms write cycle time. Once the stop
condition is issued to indicate the end of the host's w"”i&g‘*ﬁgg'f)gﬁ‘:ﬁémﬁo
write operation the X24CO01 initiates the internal write

cycle. ACK polling can be initiated immediately. This in-
volves issuing the start condition followed by the word
address for a write operation. If the X24C01 is still
busy with the write operation no ACK will be returned. If

the X24C01 has completed the write operation an ACK ISSUE WORD
will be returned and the controller can then proceed ADDRESS R/W = 0 | ISSUE STOP I
with the next read or write operation. 4

word address is set to a one. There are two basic read
operations: byte read and sequential read.

READ OPERATIONS K
Read operations are initiated in the same _manner as RETURNED?
write operations with exception that the R/W bit of the

YES

It should be noted that the ninth clock cycle of the read
operation is not a “don’t care.” To terminate a read
operation, the master must either issue a stop condi-
tion during the ninth cycle or hold SDA HIGH during the
ninth clock cycle and then issue a stop condition.

Byte Read

To initiate a read operation, the master sends a start
condition followed by a seven bit word address and a
read bit. The X24C01 responds with an acknowledge
and then transmits the eight bits of data. The read op-
eration is terminated by the master; by not responding
with an acknowledge and by issuing a stop condition.
Refer to Figure 6 for the start, word address, read bit,
acknowledge and data transfer sequence.

NEXT OPERATION
A WRITE?

ISSUE STOP

PROCEED

0107-15

PROCEED

Figure 6: Byte Read

WORD
ADDRESS n
———

SDA LINE |5| v ||| ||:|
L0l 1) [ |

v y——'
BUS ACTIVITY:
x24c01 2 ¢ DATA n

BUS ACTIVITY

VP AWV
VO-HWV

-
EINE ]

0107-10
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Sequential Read .

Sequential read is initiated in the same manner as the
byte read. The first data byte is transmitted as with the
byte read mode, however, theé master now responds
with an acknowledge, indicating it requires additional
data. The X24C01 continues to output data for each
acknowledge received. The read operation is terminat-
ed by the master; by not responding with an acknowl-
edge and by issuing a stop condition.

Figure 7: Sequential Read'

The data output is sequential, with the data from ad-
dress n followed by the data from n+1. The address
counter for read operations increments all address bits,
allowing the entire memory contents to be serially read
during one operation. At the end of the address space
(address 127) the counter ‘“rolls over” to zero and the
X24C01 continues to output data for each acknowl-
edge received. Refer to Figure 7 for the address, ac-
knowledge and data transfer sequence.

s
A A A T
BUS ACTIVITY ADDRESS c c o
K K , P
TTrryrnra UL LU L) LI L L)
SDA LINE I||||||||||||||||||||||||||||||\7U_|_|_|_|_|_|_|_|IEI'
J it J —_——
BUS ACTIVITY: / DATA n DATA n+1 DATA n+2 DATA n+x
X24C01 aK
0107-11
Figure 8: Typical System Configuration
Vee
PULL-UP
RESISTORS
SDA » * . o
° 1 o 1 1 - 1
seL—¢ I t I 1 I ) [ 1 1=
MASTER SLAVE ' MASTER
TRANSMITTER/ I TRANSMITTER/ | | ropesteR o | | TRansmiTTER/
RECEIVER RECEIVER RECEIVER
0107-14
Guidelines for Calculating Typical Values of SYMBOL TABLE
Bus Pull-Up Resistor:
us Pull-Up ors WAVEFORM INPUTS OUTPUTS
120 Must be Will be
T Vecwax steady steady
Run=1- — =2.6KQ
e OL MIN May change Will change
9 80 Riiv = R _ﬁ_ _from Low to from Low to
S MAX= Cous , High High
‘5’ 80 [\ MAX. May change Will change
o \RESlS,TANCE _“_ from High to from High to
B % Low Low
& N\ )
N Don't Care: Changing :
20 ’,;‘I'ENS,STANCE ~—1 XXXZX Changes State Not
olesmmeaimaat i Allowed Known
0 20 40 60 80 100 120 Center Line
BUS CAPACITANCE (pF) M N/A is High
0107-13 Impedance
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FUNCTIONAL DIAGRAM

(8) Voo —
—_ START CYCLE H.V. GENERATION
) Vss TIMING
& CONTROL
(5) SDA START
STOP [
LOGIC y v
»| conTrROL )
LOGIC
2
— xoecfsa 553
(8) scL LOAD INC
A
WORD —>
ADDRESS
| COUNTER - v
y 5 | 32
I | — 2 A h 4
R/W » YoEC J
F N N
8
CK A A b
PIN M DaTA REGISTER out
) Dout e
! ACK
0107-12
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PRELIMINARY INFORMATION ®
Commercial X24C02 .
2K Industrial X24C02 256 x 8 Bit
‘ Electrically Erasable PROM
TYPICAL FEATURES DESCRIPTION
¢ Low Power CMOS The X24C02 is a 2048 bit serial E2PROM, internally or-

—Active Current Less Than 1 mA
—Standby Current Less Than 50 pA
¢ Internally Organized 256 x 8
¢ Self Timed Write Cycle
—Typical Write Cycle Time of 5 ms
® 2 Wire Serial Interface
—Bidirectional Data Transfer Protocol
® Four Byte Page Write Operation
~Minimizes Total Write Time Per Byte
¢ High Reliability
—Endurance: 100,000 Cycles Per Byte
—Data Retention: 100 Years
¢ New Hardwire - Write Control Function

ganized as one 256 x 8 page. The X24C02 features a
serial interface and software protocol allowing opera-
tion on a simple two wire bus. ‘

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Inherent data re-
tention is greater than 100 years. Refer to RR-515 for
details of data retention characteristics, and RR-520 for
endurance cycling information for Xicor nonvolatile
memories.

PIN CONFIGURATIONS

PLASTIC
SoIC soic PIN NAMES ,
"\ Ap—Ao  Address Inputs
[of et [} 14gne SDA Serial Data
A2 13 Ve SCL Serial Clock
A L3 12 we WwC Write Control
NeC4  X24C02  q1fmqNe Vss Ground
A, s 1oscL Vee +5V
0120-12 Vs 6 olysoa

NC 7 sfpane

0120-13
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ABSOLUTE MAXIMUM RATINGS*

...—10°Cto +85°C

X24Co021 ..—65°Cto +135°C
Storage Temperature —65°C to +150°C
Voltage on any Pin with

RespecttoVgg .......covvvvniiiiniiiann, —1.0Vto +7V
DC.QutputCurrent..............coviiiiiii i, 5 mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability. '

X24C02 Tp = 0°C to +70°C, Vog = 5V £10%, unless otherwise specified.
X24C02I To = —40°C to +85°C, Voo = 5V +10%, unless otherwise specified.
Ve range for the X24C02 and X24C02I are defined in the Ordering Information table.

Symbol Parameter Min. Max. Units Test Conditions
lec Power Supply Current mA SCL = CMOS Levels @ 100 KHz,
SDA = Open, All Other Inputs = GND
orVgc — 0.3V
isg(") Standby Current 50 pA SCL = SDA = Vi,
All Other Inputs = V| _or V|y
M Input Leakage Current 10 pA ViIN = GND to Ve
Lo Output Leakage Current 10 pA Vout = GND to Vgo
ViL@ Input Low Voltage -1.0 Vee X0.3 \Y
ViH(@) Input High Voltage Vce X0.7 | Voo +0.5 \'
VoL Output Low Voltage 0.4 \" loL = 3mA
ENDURANCE AND DATA RETENTION
Parameter Min. Max. Units Conditions
Endurance 100,000 Cycles/Byte Xicor Reliability Report RR-520
Data Retention 100 Years Xicor Reliability Report RR-515
CAPACITANCE Tp = 25°C,f = 1 MHz, Vgg = 5V
Symbol Test Max. Units Conditions
Cio® Input/Output Capacitance (SDA) 8 pF Viyo = OV
Cin® Input Capacitance (Ag, A1, Ap, SCL) 6 pF ViN = 0V
Notes: (1) m:rs:t perform a stop command prior to measure- A.C. CONDITIONS OF TEST
@ Vi min. and V|4 max. are for reference only and are Input Pulse Levels Vee X0.11to Vg X0.9
3 ;::;e:::;neter is periodically sampled and not Input Bise and 10ns
100% tested. Fall Times
Input and Output Voe X0.5

Timing Reference Levels

1 TTL Gate and

Output Load C_ = 100 pF
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A.C. CHARACTERISTICS LIMITS
X24C02 Tp = 0°C to +70°C, Vg = 5V £10%, unless otherwise specified.
X24C021 Tp = —40°C to +85°C, Vo = 5V £10%, unless otherwise specified.

Read & Write Cycle Limits
Symbol Parameter Min. Max. Units
fscL SCL Clock Frequency 0 100 KHz
T Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs
taA SCL Low to SDA Data Out Valid 0.3 3.5 us
tBUF Time the Bus Must Be Free
Before a New Transmission 4.7 us
Can Start
tHD:STA Start Condition Hold Time 4.0 us
tLow Clock Low Period 4.7 us
tHIGH Clock High Period 4.0 us
tsu:sTA Start Condition Setup Time 4.7 us
tHD:DAT Data in Hold Time 0 us
tsu:DAT Data In Setup Time 250 ns
tR SDA and SCL Rise Time 1 us
tr SDA and SCL Fall Time 300 ns
tsu-sTO Stop Condition Setup Time 47 us
tpH Data Out Hold Time 300 ns
Power-Up Timing(4)
Symbol Parameter Max. Units
tPUR Power-Up to Read Operation 1 ms
truw Power-Up to Write Operation 5 ms
Bus Timing
te R
|<_
scL ‘.-
tp:sTa tHp:DAT tsuat  tsuisto
% /
taa ton taur
ouTt
0120-1

Note: (4) tpyr and tpyw are the delays required from the time Vg is stable until the specified operation can be initiated. These
parameters are periodically sampled and not 100% tested.
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Write Cycle Limits

Symbol Parameter Min. Typ.(5) Max. Units

twr®© Write Cycle Time 5 10 ms

The write cycle time is the time from a valid stop condition of a write sequence to the end of the internal erase/pro-
gram cycle. During the write cycle, the X24C02 bus interface circuits are disabled, SDA is allowed to remain high,
and the device does not respond to its slave address.

Write Cycle Timing
sCL —— — — —
soa " "~ _
WORD n . -
| - |
sToP START X24C02
CONDITION CONDITION ADDRESS
0120-2
PIN DESCRIPTIONS is HIGH (tied to Vgg) the internal high voltage circuitry
Serial Clock (SCL) will be disabled and all writes will be disabled.

The SCL input is used to clock all data into and out of DEVICE OPERATION

the device. The X24C02 supports a bidirectional bus oriented pro-

Serial Data (SDA) tocol. The protocol defines any device that sends data
SDA is a bidirectional pin used to transfer data into and ~ Onto the bus as a transmitter and the receiving device
out of the device. It is an open drain Output and may be as the receiver. The device COntrO"ing the transfer is a

wire-ORed with any number of open drain or open col- master and the device being controlled is the slave.
lector outputs. The master will always initiate data transfers and pro-
vide the clock for both transmit and receive operations.
An open drain output requires the use of a pull-up re- Therefore, the X24C02 will be considered a slave in all
sistor. For selecting typical values, refer to the Guide- applications.
lines for Calculating Typical Values of Bus Pull-Up Re-
sistors graph. Clock and Data Conventions
Data states on the SDA line can change only during
Address (Ag, A1, Ap) SCL LOW. SDA state changes during SCL HIGH are

The address inputs are used to set the least significant reserved for indicating start and stop conditions. Refer

three bits of the seven bit slave address. These inputs to Figures 1 and 2.

can be static or actively driven. If used statically they

must be tied to Vgg or Ve as appropriate. If actively ~ Start Condition

driven, they must be driven to VSS or to VCC All commands are preceded by the start condition,
o which is a HIGH to LOW transition of SDA when SCL is

Write Control (WC) ' HIGH. The X24C02 continuously monitors the SDA and

The Write Control input controls the ability to write to  gCL Jines for the start condition and will not respond to

the device. When WC is LOW (tied to Vgg) the X24C02  any command until this condition has been met.

will be enabled to perform write operations. When WC

Notes: (5) Typical values are for Tp = 25°C and nominal supply voltage (5V).

(6) twr is the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time
the device requires to perform the internal write operation.
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Figure 1: Data Validity

I : 1
\

X

DATA

\

DATA STABLE
CHANGE 0120-15
Figure 2: Definition of Start and Stop
| | | i
1 1 1 |
S R A N/
1 1 1 1
1 1 1 t
I 1 1 ]
1 1
SDA [ \ 1 / \ 1 ’ )
L} 1 1 t
1 1
] 1 1 1
t 1 I I
START BIT STOP BIT 12016

Stop Condition

All communications must be terminated by a stop con-
dition, which is a LOW to HIGH transition of SDA when
SCL is HIGH. The stop condition is also used by the
X24C02 to place the device in the standby power mode
after a read sequence. A stop condition can only be
issued after the transmitting device has released the
bus.

Acknowledge

Acknowledge is a software convention used to indicate
successful data transfer. The transmitting device, either
master or slave, will release the bus after transmitting
eight bits. During the ninth clock cycle the receiver will
pull the SDA line LOW to acknowledge that it received
the eight bits of data. Refer to Figure 3.

Figure 3: Acknowledge Response From Receiver

The X24C02 will respond with an acknowledge after
recognition of a start condition and its slave address. If
both the device and a write operation have been se-
lected, the X24C02 will respond with an acknowledge
after the receipt of each subsequent eight bit word.

In the read mode the X24C02 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X24C02
will continue to transmit data. If an acknowledge is not
detected, the X24C02 will terminate further data trans-
missions. The master must then issue a stop condition
to return the X24C02 to the standby power mode and
place the device into a known state.

SCL FROM

MASTER

/S

(Wi i

OUTIéPUT _‘ l 1

X

TRANSMITTER

DATA

U N R

R O,

OUTPUT

FROM

RECEIVER
START

I

ACKNOWLEDGE
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DEVICE ADDRESSING

Following a start condition the master must output the
address of the slave it is accessing. The most signifi-

cant four bits of the slave are the device type identifier

(see Figure 4). For the X24C02 this is fixed as 1010
[Bl.

Figure 4: Slave Address

DEVICE TYPE
IDENTIFIER

10 1 O'AZ:M:Ao:R/W
[ —

DEVICE
ADDRESS

0120-4

The next three significant bits address a particular de-
vice. A system could have up to eight X24C02 devices
on the bus (see Figure 10). The eight addresses are
defined by the state of the Ag, A1 and Ay inputs.

The last bit of the slave address defines the operation
to be performed. When set to one a read operation is
selected, when set to zero a wnte operatlon is select-
ed.

Figure 5: Byte Write

Following the start condition, the X24C02 monitors the
SDA bus comparing the slave address being transmit-
ted with its slave address (device type and state of Ag,
A4 and ‘As “inputs). Upon a correct compare the
X24C02 outputs an acknowledge on the SDA line. De-
pending on the state of the R/W bit, the X24C02 will
‘ execute a read or write operation.

WRITE OPERATIONS

‘Byte Write

For a write operation, the X24C02 requires a second
address field. This address field is the word address,
comprised of eight bits, providing access to any one of
the 256 words of memory. Upon receipt of the word
address the X24C02 responds with an acknowledge,
and awaits the next eight bits of data, again responding
with an acknowledge. The master then terminates the
transfer by generating a stop condition, at which time
the-X24C02 begins the internal write cycle to the non-
volatile memory. While the internal write cycle is in
progress the X24C02 inputs are disabled, and the de-
vice will not respond to any requests from the master.
Refer to Figure 5 for the address, acknowledge and
data transfer sequence.

s
S ‘ s
BUS ACTIVITY: A SLAVE WORD T
MASTER - R ADDRESS ADDRESS DATA g
8 o T
. SDALINE | I"ll’ T || T 1T 'IH
o JEE A A | A N |
BUS ACTIVITY: -
X24C02 x PR K X .
. 0120-5
Figure 6: Page Write
s
T s
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS WORD ADDRESS (n) DATA n DATA n+1 DATA n+15 g
T
T L S B A A B | T 7Ty ST T T T
soaume ([ [1[T7].] 1 | |10
s 1 U SN R S T | TRO S VY PR S W WS Y N
A A A A A
BUS ACTIVITY: c c c
X24C02 K K K
- S “ 0120-6
NOTE: In this example n = xxxx 0000(B); x = 1 or 0
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Page Write

The X24C02 is capable of a four byte page write opera-
tion. It is initiated in the same manner as the byte write
operation, but instead of terminating the write cycle af-
ter the first data word is transferred, the master can
transmit up to three more words. After the receipt of
each word, the X24C02 will respond with an acknowi-
edge.

After the receipt of each word, the two low order ad-
dress bits are internally incremented by one. The high
order six bits of the address remain constant. If the
master should transmit more than four words prior to
generating the stop condition, the address counter will
“roli over” and the previously written data will be over-
written. As with the byte write operation, all inputs are
disabled until completion of the internal write cycle. Re-
fer to Figure 6 for the address, acknowledge and data
transfer sequence.

Acknowledge Poliing

The disabling of the inputs, during the internal write op-
eration, can be used to take advantage of the typical
5 ms write cycle time. Once the stop condition is is-
sued to indicate the end of the host’'s write operation
the X24C02 initiates the internal write cycle. ACK poll-
ing can be initiated immediately. This involves issuing
the start condition followed by the slave address for a
write operation. If the X24C02 is still busy with the
write operation no ACK will be returned. If the X24C02
has completed the write operation an ACK will be re-
turned and the master can then proceed with the next
read or write operation.

READ OPERATIONS

Read operations are initiated in the same manner as
write operations with the exception that the R/W bit of
the slave address is set to a one. There are three basic
read operations: current address read, random read
and sequential read.

It should be noted that the ninth clock cycle of the read
operation is not a “don’t care.” To terminate a read
operation, the master must either issue a stop condi-
tion during the ninth cycle or hold SDA HIGH during the
ninth clock cycle and then issue a stop condition.

Flow 1: ACK Polling Sequence

WRITE OPERATION COMPLETED
ENTER ACK POLLING

ISSUE START

ISSUE SLAVE
ADDRESS R/W = 0

I ISSUE STOP I

ACK
RETURNED?

NO

NEXT OPERATION
A WRITE?

ISSUE STOP

ISSUE BYTE
ADDRESS

PROCEED

PROCEED

0120-17
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Current Address Read

Internally the X24C02 contains an address counter that’
maintains the address of the last word -accessed, incre-
mented by one. Therefore, if the last access (either a
read or write) was to address.n, the. next read opera-
tion would access data from address n+ 1. Upon re-
ceipt of the slave address with the R/W bit set to one,
the X24C02 issues an acknowledge and transmits the
eight bit word during the next eight clock cycles. The
master terminates this transmission by -issuing a stop
condition, omitting the ninth clock cycle acknowledge.
Refer to Figure 7 for the sequence of address, ac-

knowledge and data transfer.

Figure 7: Current Address Read

Random Read

Random read operations allow the master to access
any memory location in a random manner. Prior to issu-
ing the slave address with the R/W bit set to one, the
master must first perform a “dummy” write operation.
The master issues the start condition, and the slave
address followed by the word. address it is to read. Af-
ter the word address acknowledge, the master immedi-
ately reissues the start condition and the slave address
with the R/W bit set to one. This Willy be followed by an
acknowledge from the X24C02 and then by the eight
bit word. The master terminates this transmission by is-
suing a stop condition, omitting the ninth clock cycle
acknowledge. Refer to Figure 8 for the address, ac-
knowledge and data transfer sequence.

S
5 T S
BUS ACTIVITY: - A SLAVE T
MASTER R ADDRESS o
T P
Ty
SDA LINE |:l l I | | I H J H
Ao | W W .
g A ——
BUS ACTIVITY: . c DATA
X24C02 K
0120-7
Figure 8: Random Read
s s
T T S
BUS ACTIVITY: A SLAVE WORD A SLAVE T
MASTER R ADDRESS ADDRESS n R ADDRESS o
T T
T T Ty TrrT P
sawwe LT NN T TH
L | Al 1l 1 L L1141
A A A ———
BUS ACTIVITY: [ [ c DATA n
X24C02 K K K

0120-8
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Sequential Read

Sequential Read can be initiated as either a current ad-
dress read or random access read. The first word is
transmitted as with the other modes, however, the
master now responds with an acknowledge, indicating
it requires additional data. The X24C02 continues to
output data for each acknowledge received. The mas-
ter terminates this transmission by issuing a stop condi-
tion, omitting the ninth clock cycle acknowledge.

Figure 9: Sequential Read

The data output is sequential, with the data from ad-
dress n followed by the data from n+ 1. The address
counter for read operations increments all address bits,
allowing the entire memory contents to be serially read
during one operation. At the end of the address space
(address 255), the counter “rolls over” to 0 and the
X24C02 continues to output data for each acknowl-
edge received. Refer to Figure 9 for the address, ac-
knowledge and data transfer sequence.

S
BUS ACTIVITY:  SLAVE A A A T
MASTER ADDRESS c c c o)
K K K o P
-‘—|_|[|"Y | Tr 1Tt rr1rr 17T T tTr1r1rorurt
SDA LINE ___] ) U Y S T U W | lllllllll[tlllALJl[A_Lz‘zllllllll[l_pJ
A —
BUS ACTIVITY: c DATA n DATA n +1 DATA n+2 DATA n +x
X24C02 K
0120-9
Figure 10: Typical System Configuration
% Vee
SDA
T 1 1 1 1
i 1 1 1 1 1
MASTER SLAVE SLAVE MASTER MASTER
TRANSMITTER/ TRANSMITTER/
T“&E‘éé‘.%f m RECEIVER RECEIVER TRANSMITTER RECEIVER
0120-10
Guidelines for Calculating Typical Values of SYMBOL TABLE
Bus Pull-Up Resistors
us Fup WAVEFORM INPUTS OUTPUTS
Must be Will be
120 | Vee o A[X T steady steady
RMIN=T_—— =1.8KQ
100 OL MIN May change Will change
) 8 Ry = R _ﬂ_ from Low to from Low to
\E MlAX Caus High High
g 60 \p MAx. — May change Will change
= \RES'STANCE _“_ from High to from High to
o 40 Low Low
- " \\ Don't Care: Changing :
MIN. N
P~ M Changes State Not
o _RES_IISJ'QN_CE__ gy Aliowed Known
0 20 40 60 80 100 120 Center Line
BUS CAPACITANCE (pF) M N/A is High
0120-14 Impedance
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FUNCTIONAL DIAGRAM

(8) Vec
4!
) Ves START CYCLE H.V. GENERATION
‘ - > TIMING
: & CONTROL
(5) sSpA START
STOP
LOGIC
CONTROL [
LOGIC
y 32 E2PROM
SLAVE ADDRESS XDEC 32x64
REGISTER
(6) scL +COMPARATOR
LOAD INC Bag
@ A WORD
)4 ADDRESS r
J COUNTER s 1 o
3 I
AW YDEC
HER
cK o
- |
PIN - DATA REGISTER add
b Doyr
ACK
0120-11
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®

Commercial X24C04 .
4K Industrial X24C04 512 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES DESCRIPTION

® Low Power CMOS The X24C04 is a CMOS 4096 bit serial E2PROM, inter-
—Active Current Less Than 1 mA nally organized as two 256 x 8 memory banks. The
—Standby Current Less Than 50 nA X24C04 features a serial interface and software proto-
¢ Internally Organized as Two Pages col allowing operation on a simple two wire bus.
—Each 256 x 8 Xicor E2PROMs are designed and tested for applica-
® 2 Wire Serial Interface tions requiring extended endurance. Inherent data re-
—Bidirectional Data Transfer Protocol tention is greater than 100 years. Refer to RR-515 for
¢ Sixteen Byte Page Write Mode details of data retention characteristics and RR-520 for
—Minimizes Total Write Time Per Byte endurance cycling information for Xicor nonvolatile
e Self Timed Write Cycle memories.

—Typical Write Cycle Time of 5 ms

© High Reliability
—Endurance: 100,000 Cycles Per Byte
—Data Retention: 100 Years

¢ 8 Pin Mini-DIP and 14 Pin SOIC Packages

PIN CONFIGURATIONS

PLASTIC
CERDIP Soic PIN NAMES
\_J Ao-As - Address Inputs
NCCH1 14CNC SDA Serial Data
Ao 2 133 Ve SCL Serial Clock
AC3 12 [0 TEST TEST Hold at Vgg
NC4 X24C04  11fNe | Vss Ground
A, s 103 scL Vee Supply Voltage
0046-1 vss 6 9l spa NC No Connect
o] it sfpanc

0046-15
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ABSOLUTE MAXIMUM RATINGS*

X24C04|
Storage Temperature
Voltage on any Pin with

—10°Cto +85°C
—65°C to +135°C
—65°C to +150°C

RespecttoVgg «..vvvvvninnieniinnnnnn —1.0Vto +7V
D.C.QutputCurrent . .........oiiiiiiiiiiniaen 5mA
Lead Temperature

(Soldering, 10 Seconds) ............c.coiiiiiil, 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses ‘above those'listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X24C04 Ty = 0°C to +70°C, Voo = 3V to 5.5V, unless otherwise specified.
X24C041 Tp = —40°C to +85°C, Vgc = 3V to 5.5V, unless otherwise specified.
V¢ range for the X24C04 and X24C04| are defined in the Ordering Information table.

Symbol Parameter Limhs Units Test Conditions
Min. Max.
lec Ve Supply Current 1 mA | SCL = CMOS Levels @ 100 KHz,
SDA = Open, All Other Inputs = GND
orVgg — 0.3V
1sg1(1) | Vg Standby Current 150 pA | SCL = SDA = Vg, All Other
Inputs = GND or V¢g, Vo = 5V £10%
1sg2(1) | Vg Standby Current 50 mA | SCL = SDA = Vg, All Other
Inputs = GND or V¢g, Voo = 3.3V £10%
Iy Input Leakage Current 10 A [ Vin = GND to Vg
Lo Output Leakage Current 10 uA | Voyt = GNDto Vo
VL@ Input Low Voltage -1.0 Voo X0.3 \Y
Vi@ Input High Voltage Vee X0.7 | Voo +0.5 v
Vor Output Low Voltage 0.4 v loL = 3mA
ENDURANCE AND DATA RETENTION
Parameter Min. Max. Units Conditions
Minimum Endurance 100,000 Cycles/Byte Xicor Reliability Report RR-520
Data Retention 100 Years Xicor Reliability Report RR-515
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ci/0® Input/Output Capacitance (SDA) 8 pF Viso = OV
CiNG) Input Capacitance (Ao, A4, Ao, SCL) 6 pF ViN = 0V

Notes: (1) Must perform a stop command prior to measure-

ment.

(2) VL min. and V)4 max. are for reference only and are

not tested.

(3) This parameter is periodically sampled and not

100% tested.

A.C. CONDITIONS OF TEST
Vee X0.11to Vg X0.9

Input Pulse Levels

Input Rise and
Fall Times 1one
Input and Output Vee X0.5

Timing Levels

1 TTL Gate and

Output Load CL = 100 pF
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A.C. CHARACTERISTICS LIMITS

X24C04 T = 0°C to +70°C, Vgc = 3V to 6V, unless otherwise specified.

X24C041 Tp = —40°C to +85°C, Vg = 3V to 6V, unless otherwise specified.

Ve range for the X24C04 and X24C04I are defined in the Ordering Information table.

Read & Write Cycle Limits
Symbol Parameter Min. Max. Units
fscL SCL Clock Frequency 0 100 KHz
T Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs
taA SCL Low to SDA Data Out Valid 0.3 35 us
tBUF Time the Bus. M‘ust Be Free Before a 47 us
New Transmission Can Start
tHD:STA Start Condition Hold Time 4.0 us
tLow Clock Low Period 4.7 us
tHIGH Clock High Period 4.0 us
tsu:sTA Start Condition Setup Time‘ _ 47 ps
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 us
tSuU:DAT Data In Setup Time 250 ns
iR SDA and SCL Rise Time 1 s
tr SDA and SCL Fall Time 300 ns
tsu:sTO Stop Condition Setup Time 47 ps
“tpH Data Out Hold Time 300 ns
Power-Up Timing(4)
Symbol Parameter Max. Units
tpuR Power-Up to Read Operation - 1 ms
tpuw Power-Up to Write Operation 5 ' ms
Bus Timing
tr tR
i _.ﬂ—-tLOW ]‘_
scL “. _____
thp:sTA t4p:DAT tsuoaT  tsusTo —
"W /
N taa ton taur
out
0046-3

Note: (4) tpyr and tpyw are the delays required from the time Vg is stable until the specified operation can be initiated. These
parameters are periodically sampled and not 100% tested.
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Write Cycle Limits
Symbol Parameter Min. Typ.(5) Max. Units
twr®) Write Cycle Time 5 10 ms

The write cycle time is the time from a valid stop condition of a write sequence to the end of the internal erase/pro-
gram cycle. During the write cycle, the X24C04 bus interface circuits are disabled, SDA is allowed to remain high,
and the device does not respond to its slave address.

Write Cycle Timing
sCL —— — — —
soa ~ [—~7 _
WORD n twn
sToP START X24C04
CONDITION ) CONDITION ADDRESS
0046-4
PIN DESCRIPTIONS DEVICE OPERATION
Serial Clock (SCL) The X24C04 supports a bidirectional bus oriented pro-
The SCL input is used to clock all data into and out of tocol. The protocol defines any device that sends data
the device. onto the bus as a transmitter, and the receiving device

as the receiver. The device controlling the transfer is a
master and the device being controlled is the slave.
The master will always initiate data transfers, and pro-
vide the clock for both transmit and receive operations.
Therefore, the X24C04 will be considered a slave in all
applications.

Serial Data (SDA)

SDA is a bidirectional pin used to transfer data into and
out of the device. It is an open drain output and may be
wire-ORed with any number of open drain or open col-
lector outputs.

An open drain output requires the use of a pull-up re- Clock and Data Conventions
sistor. For selecting typical values, refer to the Pull-Up Data states on the SDA line can change only during

Resistor selection graph at the end of this data sheet. SCL LOW. SDA state changes during SCL HIGH are

Address (Ag) - reserved for indicating start and stop conditions. Refer
Ag is unused by the X24C04, however, it must be tied to Figures 1 and 2.

to Vgg to insure proper device operation. Start Condition

Address (A1, A2) All commands are preceded by the start condition,

The Address inputs are used to set the least significant ~ Which is a HIGH to LOW transition of SDA when SCL is
two bits of the six bit slave address. These inputs can HIGH. The X24C04 continuously monitors the SDA and
be used static or actively driven. If used statically they ~ SCL lines for the start condition and will not respond to
must be tied to Vgg or Vgc as appropriate. If driven any command until this condition has been met.

they must be driven to Vgg or to Vgs.

Notes: (5) Typical values are for Tp = 25°C and nominal supply voltage (5V).

(6) twr is the minimum cycle time to be allowed from the system perspective unless polling technuques are used. It is the
maximum time the device requires to automatically complete the internal write operation.
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Figure 1: Data Validity

DATA STABLE  DATA

CHANGE

0046-5

Figure 2: Definition of Start and Stop

START BIT

STOP BIT
0046-6

Stop Condition :
All communications must be terminated by a stop con-
dition, which is a LOW to HIGH transition of SDA when
SCL is HIGH. The stop condition is also used to place
the device into the standby power mode after a read
sequence. A stop condition can only be issued after
the transmitting device has released the bus.

Acknowledge

Acknowledge is a software convention used to indicate
successful data transfers. The transmitting device, ei-
ther master or slave, will release the bus after transmit-
ting eight bits. During the ninth clock cycle the receiver
will pull the SDA line LOW to acknowledge that it re-
ceived the eight bits of data. Refer to Figure 3.

Figure 3: Acknowledge Response From Receiver

The X24C04 will respond with an acknowledge after
recognition of a start condition and its slave address. If
both the device and a write operation have been se-
lected, the X24C04 will respond with an acknowledge
after the receipt of each subsequent eight bit word.

In the read mode the X24C04 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X24C04
will continue to transmit data. If an acknowledge is not
detected, the X24C04 will terminate further data trans-
missions. The master must then issue a stop condition
to return the X24C04 to the standby power mode and
place the device into a known state.

SCL FROM
MASTER

i\

[\ S

OUTPUT '_—\ r

r

TRANSMH'I'ER

DATA

x—7

]
]
|
—
1
|
i
]
1

OUTPUT

FROM

RECEIVER
START

| W
h '
ACKNOWLEDGE
0046-7
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DEVICE ADDRESSING

Following a start condition the master must output the
address of the slave it is accessing. The most signifi-
cant four bits of the slave address are the device type
identifier (see Figure 4). For the X24C04 this is fixed as
1010(B].

Figure 4: Slave Address

DEVICE TYPE DEVICE  BANK
IDENTIFIER ADDRESS SELECT
—— N\ et ——

1 ) 1 | 1 ) 1
t 0 1 0 lA2lA1lAO'R/V_V|
—
DEVICE
ADDRESS

0046-8

The next two significant bits address a particular de-
vice. A system could have up to four X24C04 devices
on the bus (see Figure 10). The four addresses are de-
fined by the state of the A1 and A, inputs.

The next bit of the slave address field (bit 1) is the
bank select bit. It is used by the host to toggle between
the two 256 x 8 banks of memory. This is, in effect the
most significant bit for the word address.

Figure 5: Byte Write

The last bit of the slave address defines the operation
to be performed. When set to one a read operation is
selected, when set to zero a write operation is select-
ed.

Following the start condition, the X24C04 monitors the
SDA bus comparing the slave address being transmit-
ted with its slave address (device type and state of A4
and A, inputs). Upon a correct compare the X24C04
outputs an acknowledge on the SDA line. Depending
on the state of the R/W bit, the X24C04 will execute a
read or write operation.

WRITE OPERATIONS

Byte Write

For a write operation, the X24C04 requires a second
address field. This address field is the word address,
comprised of eight bits, providing access to any one of
the 256 words of memory. Upon receipt of the word
address the X24C04 responds with an acknowledge,
and awaits the next eight bits of data, again responding
with an acknowledge. The master then terminates the
transfer by generating a stop condition, at which time
the X24C04 begins the internal write cycle to the non-
volatile memory. While the internal write cycle is in
progress the X24C04 inputs are disabled, and the de-
vice will not respond to any requests from the master.
Refer to Figure 5 for the address, acknowledge and
data transfer sequence.

NOTE: In this example n = XXXX 0000(B); X = 1 or 0

L]
T 3
BUS ACTIVITY: A SLAVE WORD T
MASTER R ADDRESS ADDRESS DATA o
T P
SDA LINE TT LI B B B S | I l TIT i rrrry lJ’T
H_Iﬂ I Lol I 1 I i S N W | | TR T T T T N P
BUS ACTIVITY: A A A
X24Co04 c Cc c
K K K
0046-9
Figure 6: Page Write
S
T S
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS WORD ADDRESS (n) DATA n DATAn+1 DATA n+15 g
T .
L LS L LRI LR L
SDA LINE I:I | I I l l l I | I r —I P
1l Il T | I R T T W O S S N N W | Nl
A A A . A A
BUS ACTIVITY: c c c c c
' X24C04 K K K K K

0046-10
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Page Write

The X24C04 is capable of a sixteen byte page write
operation. It is initiated in the same manner as the byte
write operation, but instead of terminating the write cy-
cle after the first data word is transferred, the master
can transmit up to fifteen more words. After the receipt
of each word, the X24C04 will respond with an
acknowledge.

After the receipt of each word, the four low order ad-
dress bits are internally incremented by one. The high
order five bits of the address remain constant. If the
master should transmit more than sixteen words prior
to generating the stop condition, the address counter
will “roll over” and the previously written data will be
overwritten. As with the byte write operation, all inputs
are disabled until completion of the internal write cycle.
Refer to Figure 6 for the address, acknowledge and
data transfer sequence.

Acknowledge Polling

The disabling of the inputs can be used to take advan-
tage of the typical 5 ms write cycle time. Once the stop
condition is issued to indicate the end of the host’s
write operation the X24C04 initiates the internal write
cycle. ACK polling can be initiated immediately. This in-
volves issuing the start condition followed by the slave
address for a write operation. If the X24C04 is stili
busy with the write operation no ACK will be returned. If
the X24C04 has completed the write operation an
ACK will be returned and the host can then proceed
with the next read or write operation. Refer to Flow 1.

READ OPERATIONS

Read operations are initiated in the same manner as
write operations with the exception that the R/W bit of
the slave address is set to a one. There are three basic
read operations: current address read, random read
and sequential read.

1t should be noted that the ninth clock cycle of the read
operation is not a “don’t care.” To terminate a read
operation, the master must either issue a stop condi-
tion during the ninth cycle or hold SDA HIGH during the
ninth clock cycle and then issue a stop condition.

Flow 1: ACK Polling Sequence

WRITE OPERATION COMPLETED
ENTER ACK POLLING

ISSUE START

ISSUE SLAVE
ADDRESS R/W = 0

ACK
RETURNED?

NO

NEXT OPERATION
A WRITE?

ISSUE STOP

PROCEED

ISSUE BYTE
ADDRESS

PROCEED
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Current Address Read - -

Internally the X24C04 contains an address counter that
maintains the address of the last word accessed, incre-
mented by one. Therefore, if the last access (either a
read or write) was to address.n, the next read opera-
tion would access data from address n+ 1. Upon re-
ceipt of the slave address with R/W set to one, the
X24C04 issues an acknowledge and transmits the eight
bit word. The read operation is terminated by the mas-
ter; by not responding with an acknowledge and by is-
suing a stop condition. Refer to Figure 7 for the se-
quence of address, acknowledge and data transfer.

Figure 7: Current Address Read

Random Read

Random read operations allow the master to access
any memory location in a random manner. Prior to issu-
ing the slave address with the R/W bit set to one, the
master must-first perform a “dummy” write operation.
The master issues the start condition, and the slave
address followed by the word address it is to read. Af-
ter the word address acknowledge, the master immedi-
ately reissues the start condition and the slave address
with the R/W bit set to one. This will be followed by an
acknowledge from the X24C04 and then by the eight
bit word. The read operation is terminated by the mas-
ter; by not responding with an acknowledge and by is-
suing ‘a stop condition. Refer to Figure 8 for the ad-
dress, acknowledge and data transfer sequence.

s
T S
BUS ACTIVITY: A SLAVE T
MASTER R  ADDRESS o
L e e— P
. LI L L L L
SDA LINE | I | H
: A r——. m——
BUS ACTIVITY: . c DATA
X24C04 K
004611
Figure 8: Random Read
s s
T T s
BUS ACTIVITY: A SLAVE WORD A SLAVE T
MASTER R  ADDRESS ADDRESS n R ADDRESS o
T g T P
L T T T 17 177 T 1 L L AL
SDA LINE B—U—U ] I 1|SI| “I || | IH
[ 1 L4 i
A A A —
BUS ACTIVITY: c c c DATA n
X24C04 K K K
0046-12
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Sequential Read

Sequential reads can be initiated as either a current ad-
dress read or random access read. The first word is
transmitted as with the other read modes, however, the
master now responds with an acknowledge, indicating
it requires additional data. The X24C04 continues to
output data for each acknowledge received. The read
operation is terminated by the master; by not respond-
ing with an acknowledge and by issuing a stop condi-
tion.

Figure 9: Sequential Read

The data output is sequential, with the data from ad-
dress n followed by the data from n+ 1. The address
counter for read operations increments all address bits,
allowing the entire memory contents to be serially read
during one operation. At the end of the address space
(address 511), the counter “rolls over” to address O
and the X24C04 continues to output data for each ac-
knowledge received. Refer to Figure 9 for the address,
acknowledge and data transfer sequence.

S
BUS ACTIVITY:  SLAVE A A A T
MASTER ADDRESS c c o
— K K P
T 1 11 17 11 T 1T 17 1T T 17T L LI rTr1rrriri
SDA LINE __llLlllllllIILllllll][lllAlAlIl L}lll1lllll l_PI
A ) ] ;
BUS ACTIVITY: [ DATAn DATA n+1 DATA n+2 DATA n+x
X24C04 K
0046-13
Figure 10: Typical System Configuration
Vee
PULLUP
RESISTORS
SDA
. T 1 1 ) 1
i | 1 T 1 T I
MASTER SLAVE SLAVE MASTER MASTER
"Rgggg:fg:“/ RECEIVER ‘“;\ggg“:g:“’ TRANSMITTER T“:gg;:;'g:“’
0046-14
Guidelines for Calculating Typical Values of SYMBOL TABLE
Bus Pull-Up Resistors
P WAVEFORM INPUTS OUTPUTS
Must be Will be
120 T Voo wax steady steady
MIN= T 1.8KQ
100 OL MIN May change Will change
£ 80 R R _”_ from Low to from Low to
< M‘AX Caus High High
L
g 60 MAX. —| May change Will change
5 \RES'STANCE _“_ from High to from High to
@ 40 \ Low Low
. 20 N Don't Care: Changing :
MIN. i S m Changes State Not
Pt I Allowed Known
0 20 40 60 80 100 120 Center Line
BUS CAPACITANCE (pF) M N/A is High
0046-16 Impedance
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FUNCTIONAL DIAGRAM
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Commercial X24C16 .
16K Industrial X24C161 2048 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES DESCRIPTION
¢ Low Power CMOS The X24C16 is a CMOS 16,384 bit serial E2PROM, in-
—Active Current Less Than 1 mA ternally organized as eight 256 x 8 memory banks. The
—Standby Current Less Than 50 pA X24C16 features a serial interface and software proto-
o Internally Organized as Eight Pages col allowing operation on a simple two wire bus.
—Each 256 x 8 Xicor E2PROMs are designed and tested for applica-
® 2 Wire Serial Interface tions requiring extended endurance. Inherent data re-
o Bidirectional Data Transfer Protocol tention is greater than 100 years. Refer to RR-515 for
¢ Sixteen Byte Page Write Mode details of data retention characteristics, and RR-520 for
—Minimizes Total Write Time Per Byte endurance cycling information for Xicor nonvolatile
o Self Timed Write Cycle memories.

—Typical Write Cycle Time of 5 ms

¢ High Reliability
—Endurance: 10,000 Cycles Per Byte
—Data Retention: 100 Years

© 8 Pin Mini-DIP and 14 Pin SOIC Packages

PIN CONFIGURATIONS

PLASTIC
CERDIP SOIC PIN NAMES
\_J Ap-Ap  Address Inputs
NC 14 NC SDA Serial Data
Ao 2 13 Ve SCL Serial Clock
A3 120 TEST TEST Hold at Vgg
NCC]4  X24C16  11NC Vss Ground
A, s 1ofgscL Vee Supply Voltage
0038-1 VSS E: 6 9 : SDA NC No Connect
Nnecd7 8NC

0038-15
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias

X24G16 ......... ...—10°C to. +85°C
X24C16l......... ..—865°Cto +135°C
Storage Temperature ..—65°Cto +150°C

Respect to Vg
DC.OutputCurrent...........coooiiiinienenn.. 5 mA
Lead Temperature

(Soldering, 10 Seconds)

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X24C16 Tp = 0°C to +70°C, Vog = 3V to 5.5V, unless otherwise specified.
X24C161 Tp = —40°C to +85°C, Voo = 3V to 5.5V, unless otherwise specified.
Ve range for the X24C16 and X24GC16l are defined in the Ordering Information table.

‘Symbol Parameter Limits Units Test Conditions
i Min. Max.
lco Vce Supply Current 1 mA | SCL = CMOS Levels @ 100 KHz,
SDA = Open, All Other Inputs = GND
orVgg — 0.3V
Isg1(M | Voo Standby Current 150 wA | SCL = SDA = Vg, All Other
Inputs = GND or Vgg, Vo = 5V £10%
Isgo{l) | Vg Standby Current 50 pA | SCL = SDA = Vg, All Other
Inputs = GND or Vg, Vgg = 3.3V £10%
I Input Leakage Current 10 pA | ViN = GNDto Vge
ILo Output Leakage Current 10 pA | Vout = GNDto Voo
VL@ Input Low Voltage -1.0 Vee X0.3 \
Vi@ Input High Voltage Voo X0.7 | Vo +0.5 \"
VoL Output Low Voltage 0.4 \ loL =3mA
ENDURANCE AND DATA RETENTION
Parameter Min. Max. Units Conditions
Minimum Endurance 10,000 Cycles/Byte Xicor Reliability Report RR-520
Data Retention 100 Years Xicor Reliability Report RR-515
CAPACITANCE Ta = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ci/0® Input/Output Capacitance (SDA) 8 pF Viyo = OV
CiN® Input Capacitance (Ag, A, Ao, SCL) 6 pF ViN = OV

Notes: (1) Must perform a stop command prior to measure-
ment.

(2) V)L min. and V| max. are for reference only and are
not 100% tested.

(3) This parameter is periodically sampled and not
100% tested.

A.C. CONDITIONS OF TEST
Ve X0.1to Vg X0.9

Input Pulse Levels

input Rise and
Fall Times 10ns
Input and Output VoG X0.5

Timing Levels

1 TTL Gate and

Output Load CL = 100 pF
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A.C. CHARACTERISTICS LIMITS
X24C16 Tp = 0°C to +70°C, Vg = 3V to 5.5V, unless otherwise specified.

X24C161 Tp = —40°C to +85°C, Voo = 3V to 5.5V, unless otherwise specified.
Vgc range for the X24C16 and X24C16l are defined in the Ordering Information table.

Read & Write Cycle Limits

SDA
IN

taa
SDA
ouT

/

taur

Symbol Parameter Min. Max. Units
fscL SCL Clock Frequency 0 100 KHz
T Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs
taA SCL Low to SDA Data Out Valid 0.3 3.5 us
tBUF Time the Bus Must Be Free Before a 4.7 us
New Transmission Can Start
tHD:STA Start Condition Hold Time 4.0 us
tLow Clock Low Period 4.7 us
tHIGH Clock High Period 4.0 us
tsu:STA Start Condition Setup Time 47 us
(for a Repeated Start Condition)
tHD:DAT Data in Hold Time 0 us
tsu:DAT Data in Setup Time 250 ns
tr SDA and SCL Rise Time 1 us
tr SDA and SCL Fall Time 300 ns
tsu:sTO Stop Condition Setup Time 4.7 us
tpH Data Out Hold Time 300 ns
Power-Up Timing(4)
Symbol Parameter Max. Units
tpur Power-Up to Read Operation 1 ms
truw Power-Up to Write Operation 5 ms
Bus Timing
te R
—tLow I._
ScL \‘ .....
tup:sTA t4D:DAT tsupat  tsussto

W"Du

0038-3

Note: (4) tpyg and tpyw are the delays required from the time Vgg is stable until the specified operation can be initiated. These

parameters are periodically sampled and not 100% tested.
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Write Cycle Limits

Symbol Parameter Min. Typ.(5) Max. Units
twr(®) Write Cycle Time 5 10 . ms

The write cycle time is the time from a valid stop condition of a write sequence to the end of the internal erase/pro-
gram cycle. During the write cycle, the X24C16 bus interface circuits are disabled, SDA is allowed to remain high,
and the device does not respond to its slave address.

Write Cycle Timing

scL —— — ——
soa ~_ "~ [T _
WORD n _ ] \ _ -
! . |
sTOP START X24C16
CONDITION CONDITION ADDRESS
0038-4
PIN DESCRIPTIONS onto the bus as a transmitter, and the receiving device
Serial Clock (SCL) as the receiver. The device controlling the transfer is a

master and the device being controlled is the slave.
The master will always initiate data transfers, and pro-
vide the clock for both transmit and receive operations.
Serial Data (SDA) Therefore, the X24C16 will be considered a slave in all
SDA is a bidirectional pin used to transfer data into and applications.

out of the device. It is an open drain output and may be
wire-ORed with any number of open drain or open col-
lector outputs.

The SCL input is used to clock all data into and out of
the device.

Clock and Data Conventions

Data states on the SDA line can change only during
SCL LOW. SDA state changes during SCL HIGH are
An open drain output requires the use of a pull-up re- reserved for indicating start and stop conditions. Refer
sistor. For selecting typical values, refer to the Pull-Up to Figures 1 and 2.

Resistor selection graph at the end of this data sheet.
: fon graph & Start Condition

Address (Ag, A1, A2) All commands are preceded by the start condition,
The Ag, A1 and A inputs are unused by the X24C186, which is a HIGH to LOW transition of SDA when SCL is
however, they must be tied to Vgg to insure proper de- HIGH. The X24C16 continuously monitors the SDA and
vice operation. SCL lines for the start condition and will not respond to
DEVICE OPERATION. any command until this condition has been met.

The X24C16 supports a bidirectional bus oriented pro-
tocol. The protocol defines any device that sends data

Notes: (5) Typical values are for Ty = 25°C and nominal supply voltage (5V).

(6) twr is the minimum cycle time to be allowed from the system perspective unless poliing techniques are used. It is the
maximum time the device requires to automatically complete the internal write operation.
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Figure 1: Data Validity

DATA
CHANGE

DATA STABLE

0038-5

Figure 2: Definition of Start and Stop

START BIT

STOP BIT 00386

Stop Condition

All communications must be terminated by a stop con-
dition, which is a LOW to HIGH transition of SDA when
SCL is HIGH. The stop condition is also used to place
the device into the standby power mode after a read
sequence. A stop condition can only be issued after
the transmitting device has released the bus.

Acknowledge

Acknowledge is a software convention used to indicate
successful data transfers. The transmitting device, ei-
ther master or slave, will release the bus after transmit-
ting eight bits. During the ninth clock cycle the receiver
will pull the SDA line LOW to acknowledge that it re-
ceived the eight bits of data. Refer to Figure 3.

Figure 3: Acknowledge Response From Receiver

The X24C16 will respond with an acknowledge after
recoghnition of a start condition and its slave address. If
both the device and a write operation have been se-
lected, the X24C16 will respond with an acknowledge
after the receipt of each subsequent eight bit word.

In the read mode the X24C16 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X24C16
will continue to transmit data. If an acknowledge is not
detected, the X24C16 will terminate further data trans-
missions. The master must then issue a stop condition
to return the X24C16 to the standby power mode and
place the device into a known state.

SCL FROM

é

————tad - -~

(AP -

MASTER : \ / \ / -

' 1

)

E
ouwur —‘ 1 x 1
Tnmsmrrsn -
DATA
OUTPUT
FROM
RECEIVER

START

L

ACKNOWLEDGE
0038-7
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DEVICE ADDRESSING

Following a start condition the master must output the
address of the slave it is accessing. The most signifi-
cant four bits of the slave address are the device type
identifier (see Figure 4). For the X24C16 this is fixed as
1010([B].

Figure 4: Slave Address

DEVICE TYPE
IDENTIFIER
—_——

T Ll | L 1 1 ) .
1[0|1I0lA2'A1IA0|R/W
- —
BANK
SELECT

0038-8

The next three bits of the slave address field are the
page select bits. They are used by the master device to
select which of the eight 256 x 8 banks of memory are
to be accessed. These bits are, in effect, the three
most significant bits of the word address. It should be
noted, the protocol limits the size of memory to eight
pages of 256 words; therefore, the protocol can sup-
port only one X24C16 per system.

The last bit of the slave address defines the operation
to be performed. When set to one a read operation is

Figure 5: Byte Write

selected, when set to zero a write operation is
selected.

Following the start condition, the X24C16 monitors the

-SDA bus comparing the slave address being transmit-

ted with its slave address device type identifier. Upon a
correct compare the X24C16 outputs an acknowledge
on the SDA line. Depending on the state of the R/W
bit, the X24C16 will execute a read or write operation.

WRITE OPERATIONS

Byte Write

For a write operation, the X24C16 requires a second
address field. This address field is the word address,
comprised of eight bits, providing access to any one of
the 256 words in the selected page of memory. Upon
receipt of the word address the X24C16 responds with
an acknowledge, and awaits the next eight bits of data,
again responding with an acknowledge. The master
then terminates the transfer by generating a stop con-
dition, at which time the X24C16 begins the internal
write cycle to the nonvolatile memory. While the inter-
nal write cycle is in progress the X24C16 inputs are
disabled, and the device will not respond to any re-
quests from the master. Refer to Figure 5 for the ad-
dress, acknowledge and data transfer sequence.

WORD

ADDRESS DATA

VO-~®

O

s
T

BUS ACTIVITY: A SLAVE

MASTER R ADDRESS
T

SDA LINE

BUS ACTIVITY:

X24C16

H-l_nl|1Illllil‘llllllxlnunllll
: A A A
Cc c [

K

K K

0038-9
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Page Write Flow 1: ACK Polling Sequence

The X24C16 is capable of a sixteen byte page write
operation. It is initiated in the same manner as the byte
write operation, but instead of terminating the write cy-
cle after the first data word is transferred, the master
can transmit up to fifteen more words. After the receipt

of each word, the X24C16 will respond with an ISSUE START
acknowledge. -

WRITE OPERATION COMPLETED
ENTER ACK POLLING

After the receipt of each word, the four low order ad- |SSUE SLAVE -
dress bits are internally incremented by one. The high ADDRESS R/W = 0 l ISSUE STOP |
order seven bits of the word address remain constant.

If the master should transmit more than sixteen words
prior to generating the stop condition, the address
counter will “roll over” and the previously written data
will be overwritten. As with the byte write operation, all
inputs are disabled until completion of the internal write
cycle. Refer to Figure 6 for the address, acknowledge
and data transfer sequence.

ACK
RETURNED?

NO

NEXT OPERATION

Acknowledge Polling A WRITE?

The disabling of the inputs can be used to take advan-
tage of the typical 5 ms write cycle time. Once the stop
condition is issued to indicate the end of the host’s
write operation the X24C16 initiates the internal write ISSUE BYTE
cycle. ACK polling can be initiated immediately. This in- ADDRESS

volves issuing the start condition followed by the slave
address for a write operation. If the X24C16 is still
busy with the write operation no ACK will be returned. If

the X24C16 has completed the write operation an 0038-17

ISSUE STOP

PROCEED

ACK will be returned and the host can then proceed
with the next read or write operation. Refer to Flow 1.

Figure 6: Page Write

S
T S
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS WORD ADDRESS (n) DATA n DATA n+1 DATAN + 16 g
T . .
T rrrrrrrT LB L L !
soauwe  [J][1[77] ] L 1 IR | [+
Ll | [ R RS | JOD N U B [ R R | ——L 41
A A A A A
BUS ACTIVITY: c c c c c
X24C16 K K K X K
0038-10

NOTE: In this example n = xxxx 0000(B); x = 1 or 0
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READ OPERATIONS

Read operations are initiated in the same manner as
write operations with the exception that the R/W bit of
the slave address is set to a one. There are three basic
read operations: current address read, random read
and sequential read.

It should be noted that the ninth clock cycle of the read
operation is not a “don’'t care.” To terminate a read
operation, the master must either issue a stop condi-
tion during the ninth cycle or hold SDA HIGH during the
ninth clock cycle and then issue a stop condition.

Current Address Read

Internally the X24C16 contains an address counter that
maintains the address of the last word accessed, incre-
mented by one. Therefore, if the last access (either a
read or write) was to address n, the next read opera-
tion would access data from address n+ 1. Upon re-
ceipt of the slave address with R/W set to one, the
X24C16 issues an acknowledge and transmits the eight

Figure 7: Current Address Read

bit word. The read operation is terminated by the mas-
ter; by not responding with an acknowledge and by is-
suing a stop condition. Refer to Figure 7 for the se-
quence of address, acknowledge and data transfer.

Random Read

Random read operations allow the master to access
any memory location in a random manner. Prior to issu-
ing the slave address with the R/W bit set to one, the
master must first perform a “dummy” write operation.
The master issues the start condition, and the slave
address followed by the word address it is to read. Af-
ter the word address acknowledge, the master immedi-
ately reissues the start condition and the slave address
with the R/W bit set to one. This will be followed by an
acknowledge from the X24C16 and then by the eight
bit word. The read operation is terminated by the mas-
ter; by not responding with an acknowledge and by is-
suing a stop condition. Refer to Figure 8 for the ad-
dress, acknowledge and data transfer sequence.

S
T S
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS o
T —— P
LIS T
SDA LINE [ l I l:l
dL T W W N |
A m—— —
BUS ACTIVITY: c DATA
X24C16 K
0038-11
Figure 8: Random Read
S S
T T S
BUS ACTIVITY: A SLAVE WORD A SLAVE T
MASTER R ADDRESS ADDRESS n R ADDRESS o
T T (-]
LI T T TTTT LI LA B CEN B B
sonwme BTN T LN ML ¥
11 | Lol 111 L) J I U T B O |
A A A e
BUS ACTIVITY: c ¢ ﬁ DATA n
X24C18 K

0038-12
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Sequential Read

Sequential reads can be initiated as either a current ad-
dress read or random access read. The first word is
transmitted as with the other read modes, however, the
master now responds with an acknowledge, indicating
it requires additional data. The X24C16 continues to
output data for each acknowledge received. The read
operation is terminated by the master; by not respond-
ing with an acknowledge and by issuing a stop condi-
tion.

Figure 9: Sequential Read

The data output is sequential, with the data from ad-
dress n followed by the data from n+1. The address
counter for read operations increments all address bits,
allowing the entire memory contents to be serially read
during one operation. At the end of the address space
(address 2047), the counter “rolls over” to 0 and the
X24C16 continues to output data for each acknowl-
edge received. Refer to Figure 9 for the address, ac-
knowledge and data transfer sequence.

s
BUS ACTIVITY:  SLAVE A A A T
MASTER ADDRESS c c c o
K K K P
——|—|Irrll||||I|111111|I11||||||m
SDA LINE _ R S Y T I | [ S I T R T | N W W
A ) P ———
BUS ACTIVITY: c DATA n DATA n+1 DATA n+2 DATA n +x
X24C16 K
0038-13
Figure 10: Typical System Configuration
Vee
PULL-UP:
RESISTORS
SDA ——
T 1 T 1 |
7 [ 1 I — 1T I
MASTER SLAVE SLAVE MASTER MASTER
m::ggc;‘:“” RECEIER m:ggg:}g:“’ TRANSMITTER m:ggg:,’g:"’
003814
Guidelines for Calculating Typical Values of SYMBOL TABLE
- ist
Bus Pull-Up Resistors WAVEFORM INPUTS OUTPUTS
120 Must be Will be
o T Ve AKX - ‘am steady steady
MN= 7 — =1
100 OL MIN May change Will change
9 8 R o= R -ﬂ_ from Low to from Low to
\z/ MlAX_ CBUS High High
) \ MAX. — May change Will change
= \FESISTANCE _“_ from High to  from High to
o 40 Low Low
® 20 \\ Don't Care: Changing :
MIN. s S m Changes State Not
0 RESISTANCE _L._.l-= Allowed Known
0O 20 40 60 80 100 120 Center Line
BUS CAPACITANCE (pF) M N/A is High
0038-16 Impedance
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FUNCTIONAL DIAGRAM
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Commercial
4K Industrial

X2804A
X2804Al

512 x 8 Bit

Electrically Erasable PROM

FEATURES

¢ Simple Byte Write Operation
—internally Latched Address and Data
—Self Timed Write
—Noise Protected WE Pin

¢ Reliable N-Channel Floating Gate MOS
Technology

® Single 5V Supply

¢ High Reliability
—Endurance: 10,000 Writes Per Byte
—Data Retention: 100 Years

® Byte Write Time: 10 ms Max.

® Fast Access Time: 250 ns Max.

® Low Power Dissipation
—Active Current: 80 mA Max.
-—Standby Current: 50 mA Max.

DESCRIPTION

The Xicor X2804A is a 512 x 8 E2PROM, fabricated
with the same reliable N-channel floating gate MOS
technology used in all Xicor 5V programmable nonvola-
tile memories. The X2804A is compatible with the
JEDEC approved pinout for byte-wide memories.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance and data retention.
Endurance is specified as 10,000 cycles per byte mini-
mum and data retention is specified as 100 years mini-
mum. Refer to Xicor reliability reports RR-520 and
RR-515 for details of endurance and data retention
characteristics.

PIN CONFIGURATION

NS

A 24 [] Vee

A ]2 2

a3 22 [C]NC

a[de 2t [ we

a5 20 [7] O

a.[]e 19 Ne

A.E 7 x2604a 18 []CE

a[]s 17 [ vo,
o, (] 9 16 7] 10,
o, [ 10 15 [] 10s
o, ] 11 14 [ o,

vss [ 12 13[7] vo,

0044-1

PIN NAMES

Aog-Ag Address Inputs
1/0p-1/07 Data Input/Output
WE Write Enable
CE Chip Enable
OE Output Enable
Vee +5V

Vss ~ Ground

NC No Connect

FUNCTIONAL DIAGRAM

p
X
——{ BurFers 4.096-81T
— Llarches E°PROM
NS ARRAY
DECODER
ADDRESS ¢
INPUTS l
D ——— Y
1 surFeRs 110 BUFFERS
LATCHES AND LATCHES

g i1

- CONTROL —_—
Ot ——1 “LoGiC

110,-110;
DATA INPUTS/OUTPUTS

0044-2

31




X2804A, X2804Al

ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias )
X2804A

............................... —10°C to +85°C *

_ X2804Al......... e ...—65°Cto +135°C |
Storage Temperature .................... —-65°C'to +150°C
Voltage on any Pin with
RespecttoGround........................ —1.0Vto +7V
D.C.OutputCurrent . . ........ocviivieviirniinneinnnn. 5mA
Lead Temperature
(Soldering, 10 Seconds)............ccooviiian... 300°C

D;C. OPERATING CHARACTERISTICS

*COMMENT :

Stresses above those listed under “Absolute Maximum Rat-
ings” may.cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X2804A Tp = 0°C to +70°C, Vgc = +5V £5%, unless otherwise specified.
X2804Al Tp = —40°C to +85°C, Voo = +5V +10%, unless otherwise specified. -

Symbol Parameter X2894A Limits X2804Al Limits Units Test Conditions
‘ Min." Max. Min. Max.
lce Ve Current (Active) ' 80 100 mA | CE=OE = V_
. . Altl/O’s = Open
. . Other Inputs = Voo
Is V¢ Current (Standby) 50 60 | mA CE = VIH, OE =V,
Alll7O’s = Open
Other Inputs = Voo
Iy Input Leakage Current 10 10 nA ViN = GND to Veo
- Lo Output Leakage Current 10 10 uA Vout = GND to Vo
Vi@ Input Low Voltage -10| = 08 -1.0 0.8 v -
ViH@) Input High Voltage 20 | Vgg +05 | 22 | Vgc +1.0 \"
VoL Output Low Voltage 04 0.4 \ loL = 2.1 mA
VoH Output High Voltage 2.4 24 \ loy = —400 pA
CAPACITANCE Ta = 25°C,f = 1.0 MHz, Vgg = 5V
Symbol Test Max. Units Conditions
CiioM Input/Output Capacitance 10 pF Vijo = OV
Cin() Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0Vto3.0V |- CE OE WE Mode 170 Power
Input Rise and : L H Read Dout Active
Fall Times 10ns
' o H L Write - DN Active
nput and Output . }
Timing Levels 1.5V H X X Sta'ndby gr.\d High Z Standby
T TTL Gate and Write Inhibit
ate an
Output Load CL = 100 pF X L Write Inhibit — -
X X H Write Inhibit — —

Notes: (1) This parameter is periodically sampled and not 100% tested.
(2) Vi min. and Vi max. are for reference only and are not tested.




X2804A, X2804Al

ENDURANCE AND DATA RETENTION

Parameter Min. Max. Units Conditions
Endurance 10,000 Cycles/Byte Xicor Reliability Report RR-520
Data Retention 100 Years Xicor Reliability Report RR-515

A.C. CHARACTERISTICS

X2804A Tp = 0°C to +70°C, Voo = +5V 5%, unless otherwise specified.
X2804Al1 Tp = —40°C to +85°C, Vo = +5V +10%, unless otherwise specified.

Read Cycle Limits

X2804A-25 X2804A X2804A-35 | X2804A-45
Symbol Parameter X2804Al-25 X2804Al X2804AI1-35 | X2804Al1-45 | Units
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
trRc Read Cycle Time 250 300 350 450 ns
tce Chip Enable Access Time 250 300 350 450 ns
taA Address Access Time 250 300 350 450 ns
toE Output Enable Access Time 120 120 135 150 ns
tLz Chip Enable to Output in Low Z 10 10 10 10 ns
thz® Chip Disable to Output in High Z 10 | 100 { 10 | 100 | 10 | 100 10 | 100 ns
toLz® | Output Enable to Output in Low Z 50 50 50 50 ns
toHz® | Output Disable to OutputinHighZ | 10 100 10 100 10 100 10 100 ns
ton® Output Hold from Address Change | 20 20 20 20 ns
Read Cycle
B L ———————_—
ADDRESS ' X X
|- t — .
e —\ —
N : /|
«—tog—>
OE \\ N
. Vm
WE .
- z—> «—»{tonz
—»| toz [E— —>{ lon - thz
HIGH Z
DATA 1/0 K DATAVALID DATA VALID

-ty ———]

0044-3

Note: (3) tyz max. and topz 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. tyz min., tonz min.; t z min. and top 7 min. are periodically sampled and are not 100%
tested.




X2804A, X2804Al

Write Cycle Limits

X2804A-25 X2804A X2804A-35 | X2804A-45
Symbol Parameter X2804A1-25 X2804AI1 X2804Al-35 | X2804Al-45 | Units
Min. | Max. | Min. | Max. [ Min. { Max. | Min. | Max.
twe® Write Cycle Time 10 10 10 10 ms
tas Address Setup Time 10 10 10 10 ns
taM Address Hold Time 120 120 150 150 ns
tcs Write Setup Time 0 0 0 0 ns
tcH Write Hold Time 0 0 0 0 ns
tow Chip Enable to End of Write Input | 150 150 175 230 ns
toes Output Enable Setup Time 10 10 10 10 ns
toEH Output Enable Hold Time 10 10 10 10 ns
twp Write Pulse Width 150 150 175 230 ns
twpPH Write Control Recovery 50 50 50 50 ns
tov Data Valid Time 1 1 1 1 us
tos Data Setup Time 120 135 175 230 ns
toH Data Hold Time 15 15 20 30 ns
WE Controlled Write Cycle
- |
ADDRESS BEC
tag——lt——tay—>|
- lcs— atch—
T AANNN //////H77x
i -
OE ‘ NN D%
1 ops—P toeH |
- twe —> { Q
WE N A N
_tov
‘<——+|os———> ton—>
HIGH Z

0044-4

Note: (7) twc is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the
maximum time the device requires to automatically complete the internal write operation.
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CE Controlled Write Cycle

| ——l g —— | — 1,y
- tew > rL
j

N
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o T2} SNNNRNV/ANNv4
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X2804A, X2804Al

PIN DESCRIPTIONS

Addresses (Ag-Ag)

The Address inputs select an 8-bit memory location
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 operations.

Data In/Data Out (1/0g-1/07)
Data is written to or read from the X2804A through the
170 pins.

Write Enable (WE) ,
The Write Enable input controls the writing of data to
the X2804A.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write o
Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2804A supports both

a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. :

A byte write operation, once initiated, will automatically
continue to completion, typically within 5 ms. in order
to take advantage of the typical write time as opposed
to the maximum specified time, the user can poll the
X2804A. The 1/0 pins are placed in the high imped-
ance state during the internal programming cycle. Once
the internal cycle is complete, the X2804A may be ac-
cessed without any limitations. Therefore, the host can
poll an address with known data (preferably with ze-
roes), as soon as a compare is true, the X2804A is
ready for another write cycle.

WRITE PROTECTION
There are three features that protect the nonvolatile
data from inadvertent writes.

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

® Ve Sense—All functions are inhibited when Vg is
<3V, typically.

® Write Inhibit—Holding either OE LOW, WE HIGH or
CE HIGH during power-on and power-off, will inhibit
inadvertent writes.




X2804A, X2804Al

SYSTEM CONSIDERATIONS

Because the X2804A is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
1/0 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2804A has two power modes, standby
and active, proper decoupling of the memory array is

of prime concern. Enabling CE will cause transient cur-
rent spikes. The magnitude of these spikes is depen-
dent on the output capacitive loading of the 1/Os.
Therefore, the larger the array sharing a common bus,
the larger the transient spikes. The voltage peaks as-
sociated with the current transients can be suppressed
by the proper selection and placement of decoupling
capacitors. As a minimum, it is recommended that a
0.1 pF high frequency ceramic capacitor be used be-
tween Vg and GND at each device. Depending on the
size of the array, the value of the capacitor may have
to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vg and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE

WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
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
M N/A is High
Impedance

37




X2804A, X2804Al

Normalized Active Supply Current

vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature
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®
Commercial X2816B .
16K Industrial X2816BI 2048 x 8 Bit
Electrically Erasable PROM
FEATURES DESCRIPTION

® 250 ns Access Time
® High Performance Advanced NMOS
Technology
® Fast Write Cycle Times
—16-Byte Page Write Operation
—Byte or Page Write Cycle: 5 ms Typical
—Complete Memory Rewrite: 640 ms
Typical
—Effective Byte Write Cycle Time of 300 us
Typical
¢ DATA Polling
—Allows User to Minimize Write Cycle Time
¢ High Reliability
—Endurance: 10,000 Writes Per Byte
—Data Retention: 100 Years
e Simple Byte and Page Write
—Single TTL Level WE Signal
—Internally Latched Address and Data
—Automatic Write Timing
e JEDEC Approved Byte-Wide Pinout

The Xicor X2816B is a 2K x 8 E2PROM, fabricated with
an advanced, high performance N-channel floating
gate MOS technology. Like all Xicor programmable
nonvolatile memories it is a 5V only device. The
X2816B features the JEDEC approved pinout for byte-
wide memories, compatible with industry standard
RAMs, ROMs and EPROMs.

The X2816B supports a 16-byte page write operation,
typically providing a 300 ps/byte write cycle, enabling
the entire memory to be written in less than 640 ms.
The X2816B also features DATA Polling, a system soft-
ware support scheme used to indicate the early com-
pletion of a write cycle.

Xicor E2PROMSs are designed and tested for applica-
tions requiring extended endurance and data retention.
Endurance is specified as 10,000 cycles per byte mini-
mum and data retention is specified as 100 years mini-
mum. Refer to Xicor reliability reports RR-520 and
RR-515 for details of endurance and data retention
characteristics.

PIN CONFIGURATIONS

A ] [] Ve
g sfin
a3 2 A
Al 21 (] WE
As[]s 20 [ 68
:’E : X2816B :i 3:_5"
AOE 8 17 [] wo,
1w, []9 1617] woe
w0, [ 10 15[ 10,
o, [ 14 vo,
vss 12 133 vo,
0071-1
PIN NAMES oor-2
Ao-A1qp Address Inputs
1/Qg-1/07 Data Input/Output
WE Write Enable
CE Chip Enable
OE Output Enable
Veo +5V
Vssg Ground
NC No Connect

FUNCTIONAL DIAGRAM

'——j X
— BUFFERS 16.384-BIT
— LATCHES E2PROM
— AND ARRAY
4 DECODER
Ag-Ay
ADDRESS
INPUTS
p— Y
BUFFERS
— Sureens Vo aurrens
AND LATCHES
DECODER .
OF CONTROL N /
oE LOGIC
WE 1/1Qy-40,
DATA INPUTS/OUTPUTS
Vec O—»
Vgg O—

0071-3
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X2816B, X2816BI

ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias

X2816B .......... ..—10°C to +85°C

X28168I.......... .—65°Cto +135°C
Storage Temperature .—65°Cto +150°C
Voltage on any Pin with

RespecttoGround........................ —1.0Vto +7V
D.C.OutputCurrent.............c.coiiiiiiiiiiiin.. 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS
X2816B Tpo = 0°C to +70°C, Voo = +5V +10%, unless otherwise specified.
X2816BI Tp = —40°C to +85°C, Vo = +5V £10%, unless otherwise specified.

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X2816B/X2816B-25 X2816B1/X2816BI-25
Symbol Parameter Limits Limits Units| Test Conditions
Min. [Typ.(1)| Max. | Min. [Typ.(1}| Max.
Ice Vcc Current (Active) 80 120 80 140 mA |CE = OE = V.
All'l/O’s = Open
Other Inputs = Voo
Isg Vcc Current (Standby) 45 60 45 70 mA |CE = Vi, OFE = V_
All[/O’s = Open
Other Inputs = Vo
I Input Leakage Current 10 10 pA |ViN = GNDto Vg
ILo Output Leakage Current 10 10 A |Vout = GND
to Voo, CE = Vi
ViL®  |Input Low Voltage -1.0 0.8 —1.0 ‘0.8 \Y
ViH® | Input High Voltage 2.0 Vee +1.0] 2.0 Voo +1.0 V
VoL Output Low Voltage 0.4 0.4 V |lop=21mA’
VoH Output High Voltage 2.4 2.4 V [loy = —400 pA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.() Units
tpyr@ Power-Up to Read Operation 1 ms
tpuw® Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Cis0) Input/Output Capacitance 10 pF Vijo = 0V
Cin@ Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
input Pulse Levels| . 0V to 3.0V CE OE WE Mode 1/0 Power
Input Rise and 10ns L L H Read Dout Active
Fall Times L H L Write Din Active
%’_:&li':‘;"‘_‘;\%‘gp“t 1.5V H X X \?\}?i?edlt;lyhiab?td High Z Standby
Output Load 1cLTT=L 1‘3&‘)‘% and X L X Write Inhibit — —
X X H Write Inhibit — —

Notes: (1) Typical values are for Ty = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
(3) ViL min. and V|4 max. are for reference only and are not tested.
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X2816B, X2816BI

ENDURANCE AND DATA RETENTION

Parameter Min. Max. Units Conditions
Endurance 10,000 Cycles/Byte Xicor Reliability Report RR-520
Data Retention 100 Years Xicor Reliability Report RR-515

A.C. CHARACTERISTICS

X2816B Tp = 0°C to +70°C, Vg = +5V £10%, unless otherwise specified.
X2816Bl Tp = —40°C to +85°C, Voo = +5V +£10%, unless otherwise specified.

Read Cycle Limits

X2816B-25 X2816B
Symbol Parameter X2816BI-25 X28168BI Units
Min. Max. Min. Max.
tRe Read Cycle Time 250 300 ns
tce Chip Enable Access Time 250 300 ns
tAA Address Access Time 250 300 ns
toe Output Enable Access Time 100 100 ns
L 24 Chip Enable to Output in Low Z 10 10 ns
thz4 Chip Disable to Output in High Z 10 60 10 80 ns
toLz4 Output Enable to Qutput in Low Z 10 10 ns
tonz@ Output Disable to Output in High Z 10 60 10 80 ns
toH Output Hold from Address Change 10 10 ns
Read Cycle
|« tac. -
ADDRESS )l( X X
|“‘ —

— —

CE \\ y

OE —'\\ .

—  VYwm

WE -

- z2— tonz
—»| lg 7 [ —> 12
DATA 1/0 22 K DATA VALID
0071-4

Note: (4) tyz max. and tonz max. are measured from the point when CE or OE return high (whichever occurs first) to the time when
the ogtputs are no longer driven. tyz min., toHz min., t z min. and to z min. are periodically sampled and are not 100%
tested. )
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X2816B, X2816Bl

Write Cycle Limits

' Symbol Parameter Min. Typ.(5) Max. Units
twc(® - Write Cycle Time : 5 10 ms
tAS. » -Address Setup Time 10 ns
tAH ' Address Hold Time 150 ' ns
tcs Write Setup Time 0 k ns
tcH Write Hold Time o . s ns
tow CE Pulse Width 150 , ns
toES OE High Setup Time 10 ns
toEH " OE High Hold Time 10 ns
twp WE Pulse Width : 150 » ns
tweH WE High Recovery 50 ns
tbv Data Valid 300 ns
tps Data Setup 100 ns
toH Data Hold 15 ns
tow Delay to Next Write 500 us
tsLc Byte Load Cycle 3 20 us

WE Controlled Write Cycle

<

1 Py
wC -
- tas —— ety —>

AN N : - *'mj Z ,U-: ZaN

& 7Y | AANNNNNN/ARamn

4
Q
g
I
A
¥

WE N " Y ﬂ'— "

tov

DATA IN _——M( DATA VALID m_
: " : “————'ns———blﬁipu

' HIGH 2

0071-5

Notes: (5) Typical values are for Ty = 25°C and nominal supply voltage.

(6) twc is the minimum cycle time to be allowed from the system perspective unless poliing technlques are used. It is the
maximum time the device requires to automatically complete the internal write operation.
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X2816B, X2816BI

CE Controlled Write Cycle

sooness @c—
| ———tp g [ —t,y,
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CE \\ / \¥
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~<—‘cu‘j rE
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HIGH Z
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Page Mode Write Cycle

LI/ /G /G /A /G /[
WMMD;_

(8) *ADoRESS XXX XX 7 RRRR
o XXXXXXXXXX D) XXX X DT ere y——
BYTEO BYTE 1 BYTE2 “ BYTEn BYTE n+1 BYTEn+2

t,
Wl

0071-7

*For each successive write within the page write operation, A4—~A4g should be the same or
writes to an unknown address couid occur.

Notes: (7) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE
and WE HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE
LOW effectively performing a polling operation.

(8) The timings shown above are unique to page write operations. Individual byte load operations within the page write must
conform to either the CE or WE controlled write cycle timing.




X2816B, X2816BI

DATA Polling Timing Diagram(9)

sooress —__m XIRX__ XK (R YRR

WE ‘

twe
0071-8

Note: (9) A polling operation by -definition is a read cycle and therefore subject to read cycle tirﬁings.
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X2816B, X2816BI

PIN DESCRIPTIONS

Addresses (Ag—-A10)

The Address inputs select an 8-bit memory location
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 operations.

Data In/Data Out (1/0¢-1/07)
Data is written to or read from the X2816B through the
1/0 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X2816B.

DEVICE OPERATION

. Read
Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE ‘and WE
are LOW and OE is HIGH. The X2816B supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 5 ms.

Page Write Operation

The page write feature of the X2816B allows the entire
memory to be typically written in 640 ms. Page write
allows two to sixteen bytes of data to be consecutively
written to the X2816B prior to the commencement of

the internal programming cycle. Although the host sys-
tem may read data from any location in the system to
transfer to the X2816B, the destination page address
of the X2816B should be the same on each subse-
quent strobe of the WE and CE inputs. That is, A4
through A{g must be the same for each transfer of data
to the X2816B during a page write cycle.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to fifteen bytes in the same
manner as the first byte was written. Each successive
byte load cycle, started by the WE HIGH to LOW tran-
sition, must begin within 20 us of the falling edge of the
preceding WE. If a subsequent WE HIGH to LOW tran-
sition is not detected within 20 us, the internal auto-
matic programming cycle will commence. There is no
page write window limitation. The page write window is
infinitely wide, so long as the host continues to access
the device within the byte load cycle time of 20 us.

DATA Polling

The X2816B features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2816B, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, 1/07 will reflect true data.

WRITE PROTECTION

There are three features that protect the nonvolatile
data from inadvertent writes.

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

® Voo Sense—All functions are inhibited when Vg is
<3V, typically.

® Write Inhibit—Holding either OE LOW, WE HIGH or
CE HIGH during power-on and power-off, will inhibit
inadvertent writes.

3-15




X2816B, X2816BI

SYSTEM CONSIDERATIONS

Because the X2816B is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
I/0 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2816B has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/0s. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 uF high fre-
quency ceramic capacitor be used between Vgc and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Voc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
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
M N/A is High
Impedance




X2816B, X2816BI

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature
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®
Commercial X2816C .
16K Industrial X2816CI 2048 x 8 Bit
Electrically Erasable PROM
FEATURES DESCRIPTION

® 200 ns Access Time
® High Performance Advanced NMOS
Technology
® Fast Write Cycle Times
—16-Byte Page Write Operation
—Byte or Page Write Cycle: 5 ms Typical
—Complete Memory Rewrite: 640 ms
Typical
—Effective Byte Write Cycle Time of 300 us
Typical
¢ DATA Polling
—Allows User to Minimize Write Cycle Time
¢ Simple Byte and Page Write
—Single TTL Level WE Signal
—Internally Latched Address and Data
—Automatic Write Timing
¢ JEDEC Approved Byte-Wide Pinout
¢ High Reliability
—Endurance: 10,000 Cycles
—Data Retention: 100 Years

The Xicor X2816C is a 2K x 8 E2PROM, fabricated with
an advanced, high performance N-channel floating
gate MOS technology. Like all Xicor programmable
nonvolatile memories it is a 5V only device. The
X2816C features the JEDEC approved pinout for byte-
wide memories, compatible with industry standard
RAMs, ROMs and EPROMs.

The X2816C supports a 16-byte page write operation,
typically providing a 300 us/byte write cycle, enabling
the entire memory to be written in less than 640 ms.
The X2816C also features DATA Polling, a system soft-
ware support scheme used to indicate the early com-
pletion of a write cycle.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Inherent data re-
tention is greater than 100 years. Refer to RR-515 for
details of data retention characteristics for Xicor non-
volatile memories.

PIN CONFIGURATIONS

PLASTIC PLCC PIN NAMES

~ S w Ap-A Address Inputs
N = 222 S 1/00-1/07 Data Input/p0utput
a2 23 [ A /9'?'9'?‘5% WE Write Enable
as[s 274 o CE Chip Enable
A4 21 [] WE OE Output Enable
Ay [: 5 20 [] GE VCC +5v
2006 yog1ec P H A \f\/l%S (’\.“]round
all7 18] CE o Connect
Ao E 8 17 [] vo, X2816C
o, ]9 16 [ ] WO,
o, [] 10 15 [7] 10s
1o, [} 11 14 [7] wo,
Vss [] 12 13[] vos 1415 16 17 18 19 20
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X2816C, X2816ClI

ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias

X2B16C ...t —10°C to +85°C

X2816CH. ... ~65°C to +135°C
Storage Temperature .................... —65°Cto +150°C
Voltage on any Pin with

RespecttoGround........................ —1.0Vto +7V
D.C.OutputCurrent . . ...t 5mA
Lead Temperature

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

D.C. OPERATING CHAR.ACTER|STICS

*COMMENT

" Stresses above those listed under “Absolute Maximum Rat-

ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X2816C Ta = 0°C to +70°C, Voo = +5V +£10%, unless otherwise specified.

X2816CI Tp = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.

Symbol Parameter Limits Units Test Conditions
Min. Typ.() Max.
lcc Vg Current (Active) 110 mA | CE=DE=V,
All1/O’s = Open
Other Inputs = Voo
Isg Vg Current (Standby) 50 mA CE = Vi, OE = VL
All1/O’s = Open
Other Inputs = Voo
IL) Input Leakage Current 10 pA ViN = GND to Vg
Lo Output Leakage Current 10 pA Vout = GND
to Vge, CE = Vi
VL@ Input Low Voltage -1.0 0.8 \
Vi@ Input High Voltage 2.0 Vge +1.0 \"
VoL Output Low Voltage 0.4 \ loL = 2.1mA
VoH Output High Voltage 2.4 \% loH = —400 pA
ENDURANCE AND DATA RETENTION
Parameter Min. Max. Unit Condition
Minimum Endurance 10,000 Cycles/Byte Reliability Report-520
Data Retention 100 Years Reliability Report-515
TYPICAL POWER-UP TIMING
Symbot Parameter Typ.(V Units
tpyr® Power-Up to Read Operation 1 ms
tpuw® Power-Up to Write Operation 5 ms
CAPACITANCE Tj = 25°C, f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ciyo® Input/Output Capacitance 10 pF Vijo = OV
CiN® Input Capacitance 6 pF ViN = 0V

Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage.
(2) V)L min. and V| max. are for reference only and are not tested.
(3) This parameter is periodically sampled and not 100% tested.
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A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 170 Power
Input Rise and 10 L L H Read Dout Active
Fall Times ns - :
L H L Write Din Active

Input and Output 1.5V H X X Standby and High Z Standby
Timing Levels Write Inhibit
Outputioad  |LTT- ﬁ;‘;ig“" X L X | Wite Inhibit — —

L X X H Write Inhibit — —

A.C. CHARACTERISTICS

X2816C Tp = 0°C to +70°C, Vg = +5V +£10%, unless otherwise specified.
X2816CI Tp = —40°C to +85°C, Voc = +5V *10%, unless otherwise specified.

Read Cycle Limits

Symbol Parameter Min. Max. Units

thRe Read Cycle Time 200 ns
tce Chip Enable Access Time 200 ns
taA Address Access Time 200 ns
toe Output Enable Access Time 100 ns
tLz4 Chip Enable to Output in Low Z 0 ns
tyz®) Chip Disable to Output in High Z 0 60 ns
toLz4) Output Enable to Output in Low Z 0 ns
tonz® Output Disable to Output in High Z 0 60 ns
ton - Output Hold from Address Change 0 ns
Read Cycle
|< the -
ADDRESS )‘( ) & X
— —
CE —_\\ p
|t—tog—»

OE J\ /

___  Vm

WE - ton

-+ Z r4
—»| toz [E— —>1 ton thz
HIGH Z
DATA I/0 K DATAVALID DATA VALID
|<—-—tM———->
0108-4

Notes: (4) t, z min. and topz min. are periodically sampled and not 100% tested.

(5) tyz max. and tonz 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. tyz min. and tonz min. are periodically sampled and not 100% tested.
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Write Cycle Limits

Symbol - Parameter Min. Typ.(6) Max. - -Units
twe? - Write Cycle Time 5 10 ms
tas: "‘Address Setup Time 10 ! ns
taH " Address Hold Time 120 ns
tcs Write Setup Time 0 ns
tcH Write Hold Time ., - 0 ‘ ns
tow CE Pulse Width 150 ' ns
toes OE High Setup Time 10 ns
toEH OE High Hold Time 100 o , ns
twp WE Pulse Width 150 ns
twPH WE High Recovery 50 ns
tpv Data Valid 1 s
tps i Data Setup 100 ] . ns
toH v ’ Data Hold 15 1 ns
tow Delay to Next Write 500 : us
teLc Byte Load Cycle 3 , ) 20 s

WE Controlled Write Cycle

ADDRESS

et g g — |

CTANNN v B a5 994 |V
& 777 — ‘M’M

|| —1oes toem |-

L

WE N

N

f

_v/. e N

R ‘<————tns——>|-<-—lou
' o WIGHZ

Notes: (6) Typical values are for Tp = 25°C and nommal supply voltage.

(7) twc is the minimum cycle time to be allowed from the system pérspectuve unless polllng techmques are used. It is the
maximum time the device requires to automatncally complete the internal write operation.

0108-5
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CE Controlled Write Cycle

1. Py
we
-ty g —— I | 1y ——

- tew { [ -
o X ) /N

«—tops—»| toen |t—

*® 777 B SNNNNNV/ANN w4

_ ——tcg——| |<.—ton
WE N ’ 77 7\
T r ) e

<———-los—>|<-—to,..

HIGH Z

DATA OUT
0108-6

Page Mode Write Cycle

S/ 1/ /A /| /G /A /A
—\_M_JQ_WD_
‘—CW/\_/‘\_/‘\_/—TFL

() *ADDRESS X ,, QZXXXXX

7.

-

oxxzzxzzxxx:x XX Do ——
BYTEO  BYTE1 BYTE2 ~~ BYTEn BYTEn+1 BYTE n#2
twe

0108-7

*For each successive write within the page write operation, A4—A1o should be the same or
writes to an unknown address could occur.

Notes: (8) Between successive byte writes within a page write operation, OE can be strobed LOW; e.g. this can be done with CE
WE HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE
LOW effectively performing a polling operation.
(9) The timings shown above are unique to page write operations. Individual byte load operations within the page write must
conform to either the CE or WE controlled write cycle timing.
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DATA Polling Timing Diagram(10)

N VY VV VA '\V'\/
QOOK__ An__ XXXXXXX

| —
1/07 =t Dj=X ) — Doyr=X {5 Doyt =X
twe
0108-8
Note: (10) Pollihg operations are by definition read cycles and are therefore subjedt to read- cycle timings.
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change ~* Will change
_ﬁ_ from Low to from Low to
- High High
‘ May change Will change
_’“_ from High to  from High to
Low Low
g - Don't Care: Changing :
m Changes State Not
. Allowed Known
: : Center Line
M N/A is High
‘ Impedance
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PIN DESCRIPTIONS

Addresses (Ag—-A1g)
The Address inputs select an 8-bit memory location
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 operations.

Data In/Data Out (1/09-1/07) ‘
Data is written to or read from the X2816C through the
1/0 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X2816C.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2816C supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 5 ms.

Page Write Operation

The page write feature of the X2816C allows the entire
memory to be typically written in 640 ms. Page write
allows two to sixteen bytes of data to be consecutively
written to the X2816C prior to the commencement of
the internal programming cycle. Although the host sys-
tem may read data from any location in the system to

transfer to the X2816C, the destination page address
of the X2816C should be the same on each subse-
quent strobe of the WE and CE inputs. That is, A4
through A1g must be the same for each transfer of data
to the X2816C during a page write cycle.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to fifteen bytes in the same
manner as the first byte was written. Each successive
byte load cycle, started by the WE HIGH to LOW tran-
sition, must begin within. 20 us of the falling edge of the
preceding WE. If a subsequent WE HIGH to LOW tran-
sition is not detected within 20 us, the internal auto-
matic programming cycle will commence. There is no
page write window limitation. The page write window is
infinitely wide, so long as the host continues to access
the device within the byte load cycle time of 20 us.

DATA Polling

The X2816C features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2816C, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, 1/07 will reflect true data.

WRITE PROTECTION

There are three features that protect the nonvolatile
data from inadvertent writes.

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

® Vo Sense—All functions are inhibited when V¢g is
<3V, typically.

® Write Inhibit—Holding either OE LOW, WE HIGH or
CE HIGH during power-on and power-off, will inhibit
inadvertent writes. Write cycle timing specifications
must be observed concurrently.

ENDURANCE

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance.
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SYSTEM CONSIDERATIONS - -

Because the X2816C is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
1/0 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s)'is outputting data on the bus.

Because the X2816C has.two power modes, standby
and active, proper decoupling of the memory array is of
prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/0s. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 pF high fre-
quency ceramic capacitor be used between Vg and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larget.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vcc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voitage droop
caused by the inductive effects of the PC board traces.

FUNCTIONAL DIAGRAM

/
— X
-— BUFFERS 16,384-BIT
— LarchHEes E?PROM
— AND ARRAY
——] DECODER
Ag-A —
ADDRESS <
INPUTS
zens
—] BUF 10 BUFFERS
LATCHES
— P AND LATCHES
{ ~]_DECODER ]
BF — N—— e ———s
OE LOGIC
WE — 10,-1/0,
DATA INPUTSIOUTPUTS
Vee 0—»1
Vss O—
0108-3

326



X2816C, X2816ClI

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature
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Normalized Access Time
vs. Ambient Temperature

1.4
Voo =5.0V

1.2 /
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]
5 1.0
<
=
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o
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®
Commercial X2864A ;
64K Industrial X2864Al 8192 x 8 Bit
Electrically Erasable PROM
FEATURES DESCRIPTION

® 250 ns Access Time
¢ Fast Write Cycle Times
—16-Byte Page Write Operation
—Byte or Page Write Cycle: 5 ms Typical
—Complete Memory Rewrite: 2.6 Sec.
Typical v
—Effective Byte Write Cycle Time of 300 us
Typical
® DATA Polling
—Allows User to Minimize Write Cycle Time
¢ High Reliability
—Endurance: 10,000 Writes Per Byte
—Data Retention: 100 Years
¢ Simple Byte and Page Write
—Single TTL Level WE Signal
—iInternally Latched Address and Data
—Automatic Write Timing
¢ JEDEC Approved Byte-Wide Pinout

The Xicor X2864A is a 8K x 8 E2PROM, fabricated with
the same reliable N-channel floating gate MOS tech-
nology used in all Xicor 5V programmable nonvolatile
memories. The X2864A features the JEDEC approved
pinout for byte-wide memories, compatibie with industry
standard RAMs, ROMs and EPROMSs.

The X2864A supports a 16-byte page write operation,
effectively providing a 300 ps/byte write and enabling
the entire memory to be written in less than 2.6 sec-
onds. The X2864A also features DATA Polling, a sys-
tem software support scheme used to indicate the ear-
ly completion of a write cycle. )

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance and data retention.
Endurance is specified as 10,000 cycles per byte mini-
mum and data retention is specified as 100 years mini-
mum. Refer to Xicor reliability reports RR-520 and
RR-515 for details of endurance and data retention
characteristics.

PIN CONFIGURATIONS

PIN NAMES
Ag-Aq2 Address Inputs
1/Qg-1/07 Data Input/Qutput
WE Write Enable
CE Chip Enable
OE Output Enable
Vee +5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM

—] b3
~—] BUFFERS 65,536-BIT
1 taTCHES E2PROM
3 ano ARRAY
Ao -Arz | —] DECODER
ADDRESS :
INPUTS 1 [
— ¥
] oiens 110 BUFFERS
:] AND AND LATCHES
DECODER
@& —{ contROL
o —| toaic —
—_ AND 1/00~1/107 )
WE—] t1imiNG [ DATA INPUTS/OUTPUTS
Vee O—»
Vss O—»

0070-3
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X2864A, X2864Al

ABSOLUTE MAXIMUM RATINGS*

..—10°C to +85°C
—65°Cto +135°C
—65°Cto +150°C

X2864Al
Storage Temperature ...
Voltage on any Pin with

RespecttoGround........................ —-1.0Vto +7V
D.C.OutputCurrent. .........viiiiiiiii i, 5mA
Lead Temperature

(Soldering, 10 SECONdS) .. ...ovvvveveiennrenennnn. 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximunmi Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X2864A Tp = 0°C to +70°C; Voo = +5V 15%, unless otherwise specified.
X2864Al Tp = —40°C to +85°C, Vgc = +5V +10%, unless otherwise specified.

Symbol Parameter X2864A Limits | X2864Al Limits Units Test Conditions
Min. Max. Max.
lcc Ve Current (Active) 140 140 mA |CE=0E =V
Alll/O’s = Open
Other Inputs = Vo
Isg Ve Current (Standby) 60 70 mA |CE = Vi, OE = VL
Alll/O’s = Open
Other Inputs = Vg
I Input Leakage Current 10 10 pA | ViN = GNDto Vg
Lo Output Leakage Current 10 10 pA | Vour = GNDto Vg, CE = Viy
VL) Input Low Voltage —1.0 0.8 —1.0 0.8 \'
ViH® | Input High Voltage 2.0 |Veo +05 Veg +1.0] Vv
VoL Output Low Voltage 0.4 0.4 V |loL=21mA
VoH Output High Voltage 2.4 V  |log = —400 nA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.(1) Units
tpyr®@ Power-Up to Read Operation : 1 ms
tpuw®@ Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ci/0®@ Input/Output Capacitance 10 pF Viyo = OV
Cin®@ Input Capacitance 6 pF VIN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0Vt03.0V | CE OE WE Mode 1/0 Power
Input _Rise and 10ns L L H Read Doyt Active
Fall Times L H L Write DN Active
'T"Im g?_de \%gput 1.5V H X X a}f:?:ﬁ]yhiatg? High Z Standby
Output Load ‘CLTTZ'— ﬁ%‘i g"d X L X Write Inhibit _ —
X X H Write Inhibit — —

Notes: (1) Typical values are for To = 25°C and nomina! supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
(3) Vi min. and Vi max. are for reference only and are not tested.




X2864A, X2864Al

ENDURANCE AND DATA RETENTION

Parameter Min. Max. Units Conditions
Endurance 10,000 Cycles/Byte Xicor Reliability Report RR-520
Data Retention 100 Years Xicor Reliability Report RR-515

A.C. CHARACTERISTICS

X2864A Tp = 0°C to +70°C, Voo = +5V £5%, unless otherwise specified.
X2864A1 Tp = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.

Read Cycle Limits

X2864A-25 X2864A X2864A-35 | X2864A-45
Symbol Parameter X2864AI-25 X2864Al X2864AI1-35 | X2864AI1-45 Units
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
trc Read Cycle Time 250 300 350 450 ns
tce Chip Enable Access Time 250 300 350 450 ns
taa Address Access Time 250 300 350 450 ns
toe Output Enable Access Time 100 100 100 100 ns
L4 Chip Enable to Output in Low Z 10 10 10 10 ns
thz(4) Chip Disable to Output in High Z 10 60 10 80 10 80 10 100 ns
toLz4 | Output Enable to Outputin Low Z 10 10 10 10 ns
tonz® | Output Disable to OutputinHighZ | 10 60 10 80 10 80 10 100 ns
toH Output Hold from Address Change | 10 10 10 10 ns
Read Cycle
| the >
ADDRESS )‘( X X
- .|,= o
CE —\ -
N\ /
- 'v:. »
_ —
OE ﬁ\
__  Vm
WE
—tLz—»] tonz
—| to 7z [w— — thz
DATA 170 ——2 K DATA VALID
0070-4

Note: (4) tqz max. and tonz max. are measured from the point when CE or OF return high (whichever occurs first) to the time when
the outputs are no longer driven. tyz min., toyz min., t .z min. and tgpz min. are periodically sampled and are not 100%
tested. ‘
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Write Cycle Limits

Symbol Parameter Min. Max. Units
twel®) Wirite Cycle Time 10 ms
tas Address Setup Time 10 ns
taAH Address Hold Time 200 ns
tcs Write Setup Time 0 ns
tcH Write Hold Time 0 ns
tow CE Pulse Width 150 ns
toes OE High Setup Time 10 ns
toEH OE High Hold Time 10 ns
twp WE Pulse Width 150 ns
twPH WE High Recovery 50 ns
tov Data Valid 300 ns
tps Data Setup 100 ns
ton Data Hold 20 ns
tow Delay to Next Write 500 us
tsLc Byte Load Cycle 3 40 us

WE Controlled Write Cycle

ce \\\\"“* N TIIITA VI
& ZZy | n ASSNNNNN/Auv
wE \C > 1f N

4——!05————>|4——lo..| .

. HIGH 2

0070-5

Note: (5) twc is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the
maximum time the device requires to automatically complete the internal write operation.
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CE Controlled Write Cycle

ADDRESS m
s [ ———1py

4——-1“,—-———-)
CE N\ A N

<—1loes—>>| toeH |t—

OF 7 \::::)),’[):)/

< tes—> —tcn

WE X\ Y7777 777N

- t —

oara i SIXKXKX KX o jmzj[zxzzx

| ——t os———p‘q——im

\

HIGH Z

DATA OUT
0070-6

Page Mode Write Cycle

CLI/////4 /7 /7 |/ 1/ /7

w—s—\C o S/ o W Wy (0
(7) *ADDRESS X X X lb( X X lﬁXXXXX

7

1/0 XXXXXXXXXX X X[ X[ st v y—r—
BYTEQ  BYTET BYTE2 BYTEn BYTE n+1 BYTE n+2
twe

0070-7

*For each successive write within the page write operation, A4—A12 should be the same or
writes to an unknown address could occur.

Notes: (6) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE
and WE HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE
LOW effectively performing a polling operation.

(7) The timings shown above are unique to page write operations. Individua! byte load operations within the page write must
conform to either the CE or WE controlled write cycle timing.
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DATA Polling Timing Diagram(8)

aooress A XXOOK an OO\ YOOOX - an  XXXXXXX

CE \ \ / \

LG

— i N
, toen : o togs—
—— tow

1/07 ——1—_Ow=X) . Doyr =X 4 Doyt =X

twe

N

0070-8

Note: (8) A polling operation by definition is a read cycle and therefore subject to read cycle timings.
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PIN DESCRIPTIONS

Addresses (Ag—A12)

The Address inputs select an 8-bit memory location
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 operations.

Data In/Data Out (I/0¢-1/07)
Data is written to or read from the X2864A through the
1/0 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X2864A.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2864A supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternaily by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 5 ms.

Page Write Operation
The page write feature of the X2864A allows the entire
memory to be written in 2.6 seconds. Page write allows

two to sixteen bytes of data to be consecutively written
to the X2864A prior to the commencement of the inter-
nal programming cycle. The destination addresses for
a page write operation must reside on the same page;
that is, A4 through A{2> must not change.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to fifteen bytes in the same
manner as the first byte was written. Each successive
byte write cycle must begin within 20 us of the falling
edge of WE of the preceding cycle. If a subsequent
WE HIGH to LOW transition is not detected within
20 ps the internal automatic programming cycle will
commence.

DATA Polling

The X2864A features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2864A, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on /07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, |/07 will reflect true data.

WRITE PROTECTION

There are three features that protect the nonvolatile
data from inadvertent writes.

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

® Voo Sense—All functions are inhibited when Vg is
<3V, typically.

® Write Inhibit—Holding either OE LOW, WE HIGH or
CE HIGH during power-on and power-off, will inhibit
inadvertent writes.
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SYSTEM CONSIDERATIONS

Because the X2864A is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
1/O pins share the same bus. i

To gain the. most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2864A has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/Os. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 pF high fre-
quency ceramic capacitor be used between Vgc and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vg and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE

WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady

‘ May change Will change
J' from Low to from Low to
High High
May change Will change
N_ from High to from High to
Low Low
Don't Care: Changing :
M Changes State Not
Allowed Known
Center Line
M N/A is High
‘ Impedance
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X2864A, X2864Al

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature
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®

Commercial

64K Industrial

X2864B
X2864Bl

8192 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES
® 120 ns Access Time
© High Performance Scaled NMOS
Technology
® Fast Write Cycle Times
—32-Byte Page Write Operation
—Byte or Page Write Cycle: 3 ms Typical
—Complete Memory Rewrite: 750 ms
Typical
—Effective Byte Write Cycle Time of 95 us
Typical
¢ DATA Polling
—Allows User to Minimize Write Cycle Time
¢ Simple Byte and Page Write
—Single TTL Level WE Signal
—Internally Latched Address and Data
—Automatic Write Timing
¢ JEDEC Approved Byte-Wide Pinout
¢ High Reliability
—Endurance: 10,000 Cycles
—Data Retention: 100 Years

DESCRIPTION

The Xicor X2864B is a 8K x 8 E2PROM, fabricated with
an advanced, high performance N-channel floating
gate MOS technology. Like all Xicor programmable
nonvolatile memories it is a 5V only device. The
X2864B features the JEDEC approved pinout for byte-
wide memories, compatible with industry standard
RAMs, ROMs and EPROMSs.

The X2864B supports a 32-byte page write operation,
effectively providing a 95 us/byte write cycle and en-
abling the entire memory to be written in less than
750 ms. The X2864B also features DATA Polling, a
system software support scheme used to indicate the
early completion of a write cycle.

Xicor E2PROMSs are designed and tested for applica-
tions requiring extended endurance. Inherent data re-
tention is greater than 100 years. Refer to RR-515 for
details of data retention characteristics for Xicor non-
volatile memories.

PIN CONFIGURATIONS

PLASTIC
CERDIP PLCC PIN NAMES
~ Yoo 8w o Ap-A Address Inputs
= ) = ™ SRR l/(<))0—1I§O7 Data Input/pOutput
a2 27 We /'9'9'9‘9‘92‘5‘5'\ WE Write Enable
a5 26 ne o CE Chip Enable
&E a 2507 A I = & 291 4g OE Qutput Enable
As[s 2[A As 36 280 Ag Vco +5V
A 27 an A g7 27 [ Aqy Vss Ground
a7 2[]oE A; s 26 CINC NC No Connect
A ]s X2864B 21 ] Ao A, 09 X2864B 251 0E
a]e 0[] ¢E H Ao
A [ 10 19 [ vor [ cE
1100 ] 11 1817 nos H1/07
oy [ 12 17[3 uos P'/O"
10, []13 16 [] 10s
Vss [ 14 15 [ wos

0031-1 0031-2
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X2864B, X2864BI

ABSOLUTE MAXIMUM RATINGS*

............................... —10°Cto +85°C

X2864Bl ... —65°C to +135°C
Storage Temperature .................... —65°C to +150°C
Voltage on any Pin with

RespecttoGround. ....................... —1.0Vto +7V
DC.OutputCurrent. ..o 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X2864B Tp = 0°C to +70°C, Vgg = +5V +5%, unless otherwise specified.
X2864BI| Tp = —40°C to +85°C, Vo = +5V +10%, unless otherwise specified.

Symbol Parameter Limits Units Test Conditions
Min. | Typ.(D Max.
lce Ve Current (Active) 80 140 mA | CE=0E =V,
All1/0’s = Open
Other Inputs = Voo
Is Ve Current (Standby) 50 70 mA CE = V|4, OE = V)L
Alll/O’s = Open
Other inputs = Vo
L Input Leakage Current 10 pA | VN = GNDto Ve
Lo Output Leakage Current 10 wA VouTt = GND to Vg, CE = Viy
V)2 Input Low Voltage -1.0 0.8 \'% ~
ViH® Input High Voltage 2.0 Voo +1.0 \Y
VoL Output Low Voltage 0.4 \ loL = 2.1 mA
VOH Output High Voltage 2.4 v ioH = —400 pA
ENDURANCE AND DATA RETENTION
Parameter Min. Max. Unit Condition
Minimum Endurance 10,000 Cycles/Byte Reliability Report-520
Data Retention 100 Years Reliability Report-515
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.(1) Units
tpyr® Power-Up to Read Operation 1 ms
tpuw® Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ci/0® Input/Output Capacitance 10 pF Vijo = OV
Cin® Input Capacitance 6 pF ViN = OV

Notes: (1) Typical values are for T4 = 25°C and nominal supply voitage.
(2) Vi min. and V|4 max. are for reference only and are not tested.
(3) This parameter is periodically sampled and not 100% tested.
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X2864B, X2864BlI

A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels | 0.4V to 2.4V CE OE WE Mode 170 Power
Input Rise and L L H Read Dout Active
Fall Ti 10ns
all limes L H L Write Din Active
Inputand Output | o\, 15 oy H X X Standby and High Z Standby
Timing Levels Write Inhibit
Output Load 1TTL Gate and X L X Write Inhibit — —
Ci = 100 pF - —
X H Write Inhibit — —

A.C. CHARACTERISTICS
X2864B Tp = 0°C to +70°C, Voo = +5V 5%, unless otherwise specified.
X2864Bl Tp = —40°C to +85°C, Vog = +5V £10%, unless otherwise specified.

Read Cycle Limits

X2864B-12 | X2864B-15 | X2864B-20 | X2864B-25
Symbol Parameter X2864BI-12 | X2864BI-15 | X2864BI-20 | X2864BI-25 | ynits
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
tRc Read Cycle Time 120 150 200 250 ns
tce Chip Enable Access Time 120 150 200 250 ns
taAA Address Access Time 120 150 200 250 ns
toe Output Enable Access Time 50 70 100 100 ns
t 24 CE Low to Active Output 0 0 0 0 ns
torz(4 | OE Low to Active Output 0 0 0 0 ns
thz(5) CE High to High Z Output 0 50 0 50 0 50 0 50 ns
| tonz® | OE High to High Z Output 0 50 0 50 0 50 0 50 ns
toH Output Hold from Address Change 0 0 0 0 ns
Read Cycle
!
RC —i
ADDRESS x
le—— top —»f
_ P—
3 \F /|
[«— toe—>
. ———— .
3 N N
v
WE H
tz tan —tonz—]
HIGH 2 toLz _J le— fe—top — le— tyz —
DATA /0 DATA VALID DATA VALID
‘ 0031-5

Notes: (4) |z min. and to_z min. are shown for reference only, they are periodically characterized and are not tested.
(5) t4z max. and toz 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. tyz min. and tonz min. are shown for reference only, they are periodically
characterized and are not tested.
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X2864B, X2864BI

Write Cycle Limits
Symbol Parameter Min. Typ.(6) Max. Units
twe® Write Cycle Time 3 5 ms
tas Address Setup Time 5 ns
tAH Address Hold Time 50 ns
tcs Write Setup Time 0 ns
tcH Write Hold Time 0 ns
tow CE Pulse Width 100 ns
toEs OE High Setup Time 10 ns
toEH OE High Hold Time 10 ns
twp WE Pulse Width 100 ns
twpH WE High Recovery 50 ns
tpv Data Valid 100 us
tps Data Setup 50 ns
tDH Data Hold 5 ) ns
tow Delay to Next Write 10 ps
teLc Byte Load Cycle 1 100 us

WE Controlied Write Cycle

twe

K XXXXXXOOOXXXXXXXX

ADDRESS

XXXXX)

f— tas — sl tay —»f
tes e oy —
& TITTITTANZTTIN
T 7

" [—tozs twp <—§ toEH )
"N N
WE o 3)

L |
T et}

tps R toH

HIGH Z
ox o TXRTR)

Notes: (6) Typical values are for T = 25°C and nominal supply voltage.

(7) twc is the minimum cycle time from the system perspective; it is the maximum time the device requires to perform the
internal write operation.

0031-6
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X2864B, X2864BI

CE Controlled Write Cycle
. twe
ADDRESS :)(;L_ KRR KK RX KRR XX KX KKK SRR
tas —ote— tan —

“w r

/
f

tes —= —ton—
" T s i
' ~-tpy '
DATA IN DATA VALID MM
!- tps ol ton —-l

HIGH Z

DATA OUT
0031-7

Page Write Cycle

wx 777 T X7 QBF T X XX

= T\_LA_ON [N [N 7\ KRN

o
. —\:]d:ﬂ A o
(9) *ADDRESS X \D( X X j,m

-

vo XXX X X35—X Yoo —
rd

BYTEO BYTE 1 BYTE 2 BYTE n BYTE n+1 BYTE n+ 2

twe

0031-8

*For each successive write within the page write operation, As—Aq2 should be the same or
writes to an unknown address could occur.

Notes: (8) Between successive byte writes within a page write operation, OE can be strobed LOW; e.g., this can be done with CE
and WE HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE
LOW effectively performing a polling operation.

(9) The timings shown above are unique to page write operations. Individual byte load operations within the page write must
conform to either the CE or WE controlled write cycle timing.
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X2864B, X2864BI

DATA Polling Timing Diagram(10)

ADDRESS An QOO an XXX\ XX0 ROXX
_ £ C
L ) N
‘—toEH QOES -~
L — -
¢ tow
Vo, ———ComF) =% (« (o= )——
twe
0031-9
Note: (10) Polling operations are by definition read cycles and are therefore subject to read cycle timings.
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ_ from Low to from Low to
High High
May change Will change
“_ from High to from High to
Low Low
Don't Care: Changing :
XXXZX Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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X2864B, X2864Bl

PIN DESCRIPTIONS

Addresses (Ag-A12)

The Address inputs select an 8-bit memory location
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 operations.

Data In/Data Out (1/09-1/07)
Data is written to or read from the X2864B through the
1/0 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X2864B.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2864B supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 3 ms.

Page Write Operation
The page write feature of the X2864B allows the entire
memory to be written in 750 ms. Page write allows two

to thirty-two bytes of data to be consecutively written to
the X28648B prior to the commencement of the internal
programming cycle. The destination addresses for a
page write operation must reside on the same page;
that is, As through A2 must not change.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to thirty-one bytes in the
same manner as the first byte was written. Each suc-
cessive byte load cycle, started by the WE HIGH to
LOW transition, must begin within 100 us of the falling
edge of the preceding WE. If a subsequent WE HIGH
to LOW transition is not detected within 100 us the in-
ternal automatic programming cycle will commence.
There is no page write window limitation. The page
write window is infinitely wide so long as the host con-
tinues to access the device within the byte load cycle
time of 100 us.

DATA Polling

The X2864B features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple .bit test operation to determine the status of the
X2864B, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, [/07 will reflect true data.

WRITE PROTECTION

There are two features that protect the nonvolatile data
from inadvertent writes.

® Voo Sense—All functions are inhibited when Vgg is
<3.5V.

® Write Inhibit—Holding either OE LOW, WE HIGH or
CE HIGH during power-on and power-off, will inhibit
inadvertent writes.
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X2864B, X2864BI

SYSTEM CONSIDERATIONS

Because the X2864B is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
170 pins share the same bus:

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because .the X2864B has two power modes, standby
and active, proper decoupling of the memory array is of
prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/0s. Therefore,
the ‘larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 pF high fre-
quency ceramic capacitor be used between Vg and

GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it'is recommended that a 4.7 pF electrolytic
bulk capacitor be placed between Vcc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

FUNCTIONAL DIAGRAM

- ] X
] BUFFERS 65,536-BIT
] ratcHEs |— E2PROM
— AND ARRAY
Ao-Ar | —] DECODER
ADDRESS
INPUTS ] T
- Y "
: E:Trgsg: |} VO BUFFERS
AND LATCHES
—] AND
DECODER
CE CONTROL
CE —
o —] tocic —————
AND 1/Qg-1/07
WE— niminG DATA INPUTS/OUTPUTS
Vece O—»
Vss o—>

0031-3
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icor
®

Commercial X2864H \
64K Industrial X2864HI 8192 x 8 Bit
Electrically Erasable PROM

TYPICAL FEATURES DESCRIPTION

® 70 ns Access Time
¢ High Performance Scaled NMOS
Technology
® Fast Write Cycle Times
—32-Byte Page Write Operation
—Byte or Page Write Cycle: 3 ms Typical
—Complete Memory Rewrite: 750 ms
Typical
—Effective Byte Write Cycle Time of 95 us
Typical
¢ DATA Polling
—Allows User to Minimize Write Cycle Time
® High Reliability
—Endurance: 10,000 Writes Per Byte
—Data Retention: 100 Years
¢ Simple Byte and Page Write
—Single TTL Level WE Signal
—Internally Latched Address and Data
—Automatic Write Timing
¢ JEDEC Approved Byte-Wide Pinout

The Xicor X2864H is a high speed 8K x 8 E2PROM,
fabricated with Xicor's proprietary, high performance,
N-channel floating gate MOS technology. Like all Xicor
programmable nonvolatile memories it is a 5V only de-
vice. The X2864H features the JEDEC approved pinout
for byte-wide memories, compatible with industry stan-
dard RAMs, ROMs, and EPROMs.

The X2864H supports a 32-byte page write operation,
effectively providing a 95 us/byte write cycle and en-
abling the entire memory to be written in less than
750 ms. The X2864H also features DATA Polling, a
system software support scheme used to indicate the
early completion of a write cycle.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance and data retention.
Endurance is specified as 10,000 cycles per byte mini-
mum and data retention is specified as 100 years mini-
mum. Refer to Xicor reliability reports RR-520 and
RR-515 for details of endurance and data retention
characteristics.

PIN CONFIGURATIONS

PLASTIC
CERDIP PLCC PIN NAMES
wrdr 7 =hve rigg S Ao-A12  Address Inputs
a2 ] we VR R TR 1/00~1/07 Dafta Input/Output
A []3 26[] NC o WE Write Enable
Mul 2507 A a5 29 Ay % Chip Enable
as[]s 244 As Y6 28004, OE Output Enable
Ay C 6 23 : Ay A‘E 7 7B A VCC +5V
Wnt 2 [JoE AsEYe X2864H 26 NG Vss Ground
X2864H A de 253 OE
Az [: 8 21 : ﬁ; ATE 10 (TOP vmw) 2414, NC No Connect
A9 20 ] CE A1 P =ka
A 10 19 [ vor Nc )12 2231/0,
0o CJ 11 18[7 1os 1/0,C]13 21[31/0¢
1o, [] 12 1717 vos 14 15 16 17 18.19 20
10, [ 13 16 [ ] 104 L R
Vs [ 14 1517 1o, f£7=88%
0034--2

0034-1
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X2864H, X2864HI

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias )
X2864H ... ... —10°C to +85°C
X2864HI............ —65°Cto +135°C
Storage Temperature .. .. —65°Cto +150°C
Voltage on any Pin with

RespecttoGround...............oveunnen -1.0Vto +7V
D.C.OutputCurrent..........cooeiiiiiiiiiiiinnenn. 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
these or any other conditions above those indicated in the op-
erational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

X2864H Tp = 0°C to +70°C; Voo = +5V 5%, unless otherwise specified.
X2864HI Tp = —40°C to +85°C, Vog = +5V £10%, unless otherwise specified.

Synibol Parameter Limits Units fest Conditions
Min. | Typ.(1) Max.
Icc Vg Current (Active) 80 150 mA [ CE=0E=yV,
: ' ~ Ali1/O’s = Open
Other Inputs = Vg
IsB Vg Current (Standby) 50 80 mA | CE =V OE=V,
' All1/O’s = Open.
Other Inputs = Vg
u Input Leakage Current 10 uA Vin = GND to Ve
Lo Output Leakage Current , 10 pA | Vour = GNDto Vg, CE = Viy
VL@ Input Low Voltage -1.0 0.8 v “
Viy@ Input High Voltage 2.0 Voo +1.0 \Y% :
VoL Output Low Voltage 0.4 3 lor = 2.1 mA
Vou Output High Voltage 2.4 \ loq = —400 pA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.() Units
tpur® Power-Up to Read Operation 1 ms
tpuw®) Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vg = 5V ‘
Symbol Test "~ Max. Units Conditions
Cio® Input/Output Capacitance 10 pF Vijo = 0V
CiN®) input Capacitance 6 pF Vin = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0.4V to 2.4V CE OE WE Mode 170 Power
Input Rise and 10ns L L H Read Dout Active
Fall Times L H L Write Din Active
;[}ﬁ“::‘;t‘;‘%‘f;p“t 0.8V and 2.0V H X | X a;ﬁ?edllm ;‘ES ‘High V4 Standby
Output Load 1CLTT=L g)a;?:a“d X L X WriteInhibit | — —
X X H Write Inhibit — —

Notes: (1) Typical values are for T = 25°C and nominal supply voltage.
(2) Vy min. and V)4 max. are for reference only and are not tested.
(3) This parameter is periodically sampled and not 100% tested.
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X2864H, X2864HI

ENDURANCE AND DATA RETENTION

Parameter Min. Max. Units Conditions
Endurance 10,000 Cycles/Byte Xicor Reliability Report RR-520
Data Retention 100 Years Xicor Reliability Report RR-515

A.C. CHARACTERISTICS

X2864H Tp = 0°C to +70°C, Vgc = +5V 5%, unless otherwise specified.

X2864HI Tp = —40°C to +85°C, Voo = +5V +£10%, unless otherwise specified.

Read Cycle Limits

X2864H-70 X2864H-90
Symbol Parameter X2864HI-70 X2864HI1-90 Units
Min. Max. Min. Max.
tRc Read Cycle Time 70 90 ns
tce Chip Enable Access Time 70 90 ns
taa Address Access Time 70 90 ns
toe Output Enable Access Time 35 45 ns
2@ CE Low to Active Output 0 0 ns
toz4 OE Low to Active Output 0 0 ns
thz(5) CE High to High Z Output 0 40 0 40 ns
tonz® OE High to High Z Output 0 40 0 40 ns
toH Output Hold from Address Change 0 0 ns
Read Cycle
tre |
ADDRESS __X ' X
tee
& N\ /
e top—]
S AN /P___
we . t t le—toyz—
LfOLZ - <—toH “' 3 ~— :):ZZ“’
DATA 1/0 oz DATA VALID m DATA VALID

0034-4

Notes: (4) t_z min. and toz min. are shown for reference only, they are periodically characterized and are not tested.

(5) tyz max. and tonz 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. tyz min. and tonz min. are shown for reference only, they are periodically
characterized and are not tested.
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X2864H, X2864HI

Write Cycle Limits

oren vt RIRD>

DATA IN —m( _

| ‘os————"l*_'bﬂ

X2864H-70 X2864H-90
Symbol Parameter X2864HI-70 X2864H1-90 Units
, Min. Max. Min. . Max.
twe Write Cycle Time 5 5 ms
tas Address Setup Time 5 5 ns
tAH Address Hold Time 50 50 ns
tcs Write Setup Time ns
tcH Write Hold Time ns
tow CE Pulse Width 60 80 ns
toEs OE High Setup Time 10 10 ns
toEH OE High Hold Time 5 5 ns
twp WE Pulse Width 60 80 ns
twPH WE High Recovery 50 50 ns |
tov Data Valid 100 100 s
tps Data Setup 35 35 ns
toH Data Hold 5 5 ns
tow Delay to Next Write 10 10 us
taLc Byte Load Cycle 1 100 1 100 s
WE Controlled Write Cycle
ADDRESS >‘<zzzzzzxzzzxzzzj :
<——'As—-—-><—-'m-——>
PIARNN N “"*//////1f77x
e pe—
& 777 AANNNNNY [SSY'
<—1oes toeu | :
WE N e ;/ N
“uvt o '

HIGH Z2

0034-5
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X2864H, X2864HI

CE Controlied Write Cycle

' -
ADDRESS M-—
[t p g | 1,y B
- —— t ey |  pp
CE N 4 J/i ) N
a—togs—» LoEH |t——
OE c : 7 A

SNNN\NNVANNWwg

<—'cn—j rE
I 77
para in ST KK___ommaiio [[RRXXX
‘4_'08_'.'l (—'m
DATA OUT

HIGH Z

TE N\ CS’ -

1, >
DV—"

0034-6
Page Mode Write Cycle

(7) *ADDRESS X X X SD(

xX—

\7/4
LI\ LI\ /X%
-~
X
X

-
vo XXXRRRX XX XS Yoo y—
BYTE O BYTE 1 BYTE 2 J|3Y1'r»: n BYTE n+ 1 BYTEn+2
twe
0034-7
*For each successive write within the page write operation, As~A42 should be the same or
writes to an unknown address could occur.

Notes: (6) Between successive byte writes within a page write operation, OE can be strobed LOW; e.g., this can be done with CE
and WE HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE
LOW effectively performing a polling operation.

(7) The timings shown above are unique to page write operations. Individual byte load operations within the page write must
conform to either the CE or WE controlled write cycle timing.
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DATA Polling Timing Diagram(8)

sooress XXX XRRSEXRRX = XK

S 5

re—toEH toes —|
OE

tow

\

T,

oy (DL
twe

0034-8

SYMBOL TABLE

WAVEFORM

RHPY

INPUTS

Must be
steady

May change
from Low to
High
May change
from High to
Low

Don't Care:
Changes
Allowed

N/A

OQUTPUTS

Wil be
steady

Will change
from Low to
High

Will change
from High to
Low
Changing :
State Not
Known
Center Line
is High
Impedance

Note: (8) Polling operations are by definition read cycles and are therefore subject to read cycle timings.
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X2864H, X2864HI

PIN DESCRIPTIONS

Addresses (Ag—-A12)

The Address inputs select an 8-bit memory location
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 operations.

Data In/Data Out (1/0¢-1/07)
Data is written to or read from the X2864H through the
1/0 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X2864H.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2864H supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 3 ms.

Page Write Operation
The page write feature of the X2864H allows the entire
memory to be written in 750 ms. Page write allows two

to thirty-two bytes of data to.be consecutively written to
the X2864H prior to the commencement of the internal
programming cycle. The destination addresses for a
page write operation must reside on the same page;
that is, As through A2 must not change.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to thirty-one bytes in the
same manner as the first byte was written. Each suc-
cessive byte load cycle, started by the WE HIGH to
LOW transition, must begin within 100 us of the falling
edge of the preceding WE. If a subsequent WE HIGH
to LOW transition is not detected within 100 us, the
internal automatic programming cycle will commence.
There is no page write window limitation. Effectively the
page write window is infinitely wide, so long as the host
continues to access the device within the 100 s byte
load cycle time.

DATA Poliing

The X2864H features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple_ bit test operation to determine the status of the
X2864H, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, I/07 will reflect true data.

WRITE PROTECTION

There are two features that protect the nonvolatile data
from inadvertent writes.

® Ve Sense—All functions are inhibited when Vg is
<4.0V.

® Write Inhibit—Holding OE LOW, WE HIGH or CE
HIGH during power-on and power-off, will inhibit inad-
vertent writes.
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SYSTEM CONSIDERATIONS

Because the X2864H is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
1/0 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2864H has two power modes, standby
and active, proper decoupling of the memory array is of
prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/Os. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 uF high fre-
quency ceramic capacitor be used between Vg and

GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Voo and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

FUNCTIONAL DIAGRAM
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®
Commercial X28C64 .
64K Industrial X28C64l 8K x 8 Bit
Electrically Erasable PROM
FEATURES DESCRIPTION
® 120 ns Access Time The Xicor X28C64 is a 8K x 8 E2PROM, fabricated with
¢ LOW Power CMOS Xicor's proprietary, high performance, floating gate

—60 mA Active Current Max.
—200 pA Standby Current Max.
¢ Fast Write Cycle Times
—64-Byte Page Write Operation
—Byte or Page Write Cycle: 5 ms Typical
—Complete Memory Rewrite: 0.625 Sec.
Typical
—Effective Byte Write Cycle Time: 78 us
Typical
e Software Data Protection
© End of Write Detection
—DATA Polling
—Toggle Bit
© High Reliability
—Endurance: 10,000 Cycles
—Data Retention: 100 Years
¢ Simple Byte and Page Write
—Single TTL Compatible WE Signal
—Internally Latched Address and Data
—Automatic Write Timing ;
e JEDEC Approved Byte-Wide Pinout

CMOS technology. Like all Xicor programmable non-
volatile memories the X28C64 is a 5V only device. The
X28C64 features the JEDEC approved pinout for byte-
wide. memories, compatible with industry standard
RAMSs.

The X28C64 supports a 64-byte page write operation,
effectively providing a 78 us/byte write cycle and en-
abling the entire memory to be typically written in 0.625
seconds. The X28C64 also features DATA Polling, a
system software support scheme used to indicate the
early completion of a write cycle. In addition, the
X28C64 includes a user-optional software data protec-
tion mode that further enhances Xicor’s hardware write
protect capability.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Inherent data re-
tention is greater than 100 years. Refer to RR-515 for
details of data retention characteristics for Xicor non-
volatile memories.

PGA

PIN CONFIGURATIONS
' PLASTIC Vor /0 /o5 105 /0
CERDIP PLCC @' @6 O @
o~ Q 1/0 A \Z 1/0, 1/0;
et o 20ve rfge B 0" 0" 0”6 @
Az ] 2 271 We /2 3 2 1323130 \ Mot ¢ @
a s 26N o @A :Bogg%m)ﬁ @A
as[]e FmEY " o™ " &
As[]s 2] A A v, A A;
Aas 23] An @5 @‘Z cc@g @8
a7 22 [7] O€ As A, NC vTr.z Ne
n]s X28C84 , F,, © 0 0 o
Al 20 ) CE 0111-3
2] 10 18 [ o PIN NAMES
0o [ 11 18] 10s Ag-Aq2 Address Inputs
o, [] 12 173 wos 1/0g-1/07 Data Input/Output
' o WE Write Enable
vo.[J 12 o TOT OO CE Chip Enable
Ves [ e 15[ 1o, L2888 OE Output Enable
0111-2 Vee +5V
-1 Vss Ground
NC No Connect
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ABSOLUTE MAXIMUM RATINGS*

...—10°Cto +85°C
..—65°Cto +135°C
..—65°Cto +150°C

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at
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 . .. .....coiuiitiiiiiiiineennen 5mA may affect device reliability.
Lead Temperature

(Soldering, 10 Seconds) ......c...ovvevevrnnnnnn.. 300°C

D.C. OPERATING CHARACTERISTICS
X28C64 Tp = 0°C to +70°C, Voc = +5V +£10%, unless otherwise specified.
X28C641 Tp = —40°C to +85°C, Vgc = +5V £10%, unless otherwise specified.

Symbol Parameter Limits Units Test Conditions
Min. | Typ.(1)| Max.
Icc Vg Current (Active) 60 mA |CE = OE = V|, WE = V|
(TTL Inputs) All1/O’s = Open
Address Inputs = TTL Levels @ f = 5 MHz
IsB, Ve Current (Standby) 2 mA |CE = Vjy, OE = V,_
i (TTL Inputs) All1/O’s = Open, Other Inputs = V|
IsB, Ve Current (Standby) 100 200 pA | CE = WE = Vg — 0.3V
(CMOS Inputs) Al 1/O’s = Open, Other Inputs = Don’t Care
Ll Input Leakage Current +10 pA [ Vin = GND to Vg
ILo Output Leakage Current +10 pA | Vout = GNDto V¢g, CE = Vi
VLt . | Input Low Voltage -1.0 0.8 \'
Vi@ | Input High Voltage 20 Vogg +1.0| V
VoL Output Low Voltage 0.4 V lloL=21mA
VoH Output High Voltage 24 V' |lonq = —400 pA
ENDURANCE AND DATA RETENTION
Parameter Min. Max. Unit Condition
Minimum Endurance 10,000 Cycles/Byte Reliability Report-520
Data Retention 100 Years Reliability Report-515
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.() Units
tpyr® Power-Up to Read Operation 100 us
tpuw® Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ci;0® Input/Output Capacitance 10 pF Vio = 0V
Cin® Input Capacitance 6 pF VIN = OV

Notes: (1) Typical values are for Ty = 25°C and nominal supply voltage.
(2) VL min. and V)4 max. are for reference only and are not tested.
(3) This parameter is periodically sampled and not 100% tested.
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A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 170 Power
Input Rise and 10ns L L H Read Dout Active
Fall Times L H L Write Din Active
Input and Output ;

Py 1.5V H X X Standby and High Z Standby
Timing Levels Write Inhibit o
Output Load 1 TTL Gate and X L X Write Inhibit _ _

CL = 100 pF - —
X X H Write Inhibit — —

A.C. CHARACTER