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President’s Message

Dear Customer:

As the leader of the exciting field of EZPROM and NOVRAM memories, Xicor has charted a
course to provide an extensive product offering. This catalog contains data sheets for
NMOS and CMOS E2PROMs and NMOS NOVRAMs. These products are 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 are
built per Mil-Std-883 for Class B devices.

Xicor has shipped more than 10 million EZPROM and NOVRAM memories to its customers.
Our research and development budget is very substantial and will enable Xicor to continue
to introduce innovative products. Our worldwide sales, marketing and applications
organizations are dedicated to the support of your memory requirements. We appreciate
your interest and look forward to supplying your present and future requirements.

[ (.

Raphael Klein
President

Printed in U.S.A.
© XICOR, INC., 1985
“All Rights Reserved”



Fact Sheets contain information on products under development. Xicor reserves the right
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
temperature 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 tempera-
ture range for production devices.

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

E2POT™ is a trademark 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 embaodied in a Xicor, Inc. product. No other circuits, patents, licenses are implied.

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 implantinto 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.
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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 voltages.
The following procedures are recommended to avoid accidental circuit damage.

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. Ifunits 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 conductive layer.

Test Equipment (Including Environmental Equipment):

1. All equipment must be properly returned to the same reference potential (ground) as the devices, the operator, 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).

Assembling MOS Devices Onto P.C. Boards:

1. The MOS circuits should be mounted on the P.C. board last.

2. Similar precautions should be taken as in ltem | 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.

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

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 P.C. board, the handler should touch the P.C. 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 wool 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. A1 meg ohm resistance ground stap 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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Reference Guide to Xicor Nonvolatile Memories

NOVRAMs
P Power Package Data | Order
art Access Store | No.of| Temp. Sheet | Info.
Number [Organization | Time | Active |Standby | Cycles | Pins |Range(s) | P | D | E | Page #| Page #
X2201A 1024 x 1 300ns | 60mA | N/A 10,000 18 A . 1-1 7-1
X2210A 64 x 4 250ns | 50mA N/A 10,000 18 A . U 1-9 7-1
X2210 64 x 4 300ns | 50mA N/A 10,000 18 A o | o 1-17 7-1
X2210/5 64 x 4 300ns | 50mA N/A 50,000 18 A . [ 1-17 7-1
X2210/10 64 x4 300ns | 50mA N/A 100,000 18 A . . 1-17 71
X22101 64 x4 300ns | 556mA N/A 10,000 18 B [ ] 1-17 71
X22101/5 64 x 4 300ns | 55mA N/A 50,000 18 B U U 117 741
X22101/10 64 x4 300ns | 55mA N/A 100,000 18 B . J 1-17 7-1
X2210M 64 x4 300ns | 55mA | N/A 10,000 | 18 c . 1-25 7-1
X2210M/5 64 x 4 300ns | 55mA N/A 50,000 18 (o} [ 1-25 71
X2210M/10 64 x 4 300ns | 55mA N/A 100,000 18 C . 1-25 7-1
X2212A 256 x 4 250ns | 60mA N/A 10,000 18 A [ J 1-33 71
X2212 256 x 4 300ns | 60mA N/A 10,000 18 A e | o 1-41 7-1
X2212/5 256 x 4 300ns | 60mA N/A 50,000 18 A [ U 1-41 7-1
X2212/10 256 x 4 300ns | 60mA N/A 100,000 18 A o | o 1-41 7-1
X2212| 256 x4 300ns | 70mA N/A 10,000 18 B [ J 1-41 71
X22121/5 256 x 4 300ns | 70mA N/A 50,000 18 B o U 1-41 7-1
X22121/10 256 x 4 300ns | 70mA N/A 100,000 18 B e | o 1-41 7-1
X2212M 256 x 4 300ns | 70mA N/A 10,000 18 (] U 1-49 71
X2212M/5 256 x 4 300ns | 70mA N/A 50,000 18 C . 1-49 7-1
X2212M/10 256 x 4 300ns | 70mA N/A 100,000 18 C . 1-49 7-1

N/A = Not Applicable

A = Commercial = 0° to +70°C.
B = Industrial = —40° to +85°C.
C = Military = -55° to +125°C.
P = Plastic DIP

D = Cerdip

E = Ceramic LCC

vii



Reference Guide to Xicor Nonvolatile Memories |

NOVRAMs (Byte-Wide)

X20041-20 512x8 200ns (120mA | 90mA 100,000 | 28 o[ o | of 1.73 71

X20041-25 512x8 250ns |120mA | 90mA | 100,000 28 . U ° 1-73 7-1

Data | Order
Part Access Power Store |No.of| Temp. Package Sheet | Info.
Number |Organization | Time | Active |Standby | Cycles | Pins |Range(s) [ P | D | E | Page #|Page #
X2001-20 128 x 8 200ns | 80mA { 50mA | 100,000 24 A L2 1-57 71
X2001-25 128 x 8 250ns | 80mA | 50mA | 100,000 | 24 A o | o 1-57 7-1
X2001 128 x 8 300ns | 80OmA | 50mA | 100,000 24 A ° | o 1-57 7-1
X20011-20 128 x 8 200ns |100mA | 65mA | 100,000 24 B o | o 1-57 7-1
X20011-25 128x 8 250ns {100mA | 65mA | 100,000 24 B . o 1-57 7-1
X20011 128 x 8 300ns {100mA [ 65mA | 100,000 24 B [ U 1-57 7-1
X2002-20 256 x 8 200ns | 90mA | 55mA | 100,000 28 A o | o 1-65 71
X2002-25 256 x 8 250ns | 90mA | 55mA | 100,000 28 A L2 1-65 7-1
X2002 256 x 8 300ns | 90mA | 55mA 100,000 | 28 A o | o 1-65 7-1
X20021-20 256 x 8 200ns [(110mA | 70mA | 100,000 28 B . . 1-65 71
X20021-25 256 x 8 250ns |[110mA | 70mA | 100,000 28 B ] [ 1-65 7-1
X20021 256 x 8 300ns [110mA | 70mA {100,000 28 B . U 1-65 7-1
X2004-20 512x8 200ns |100mA | 55mA | 100,000 28 A J L . 1-73 7-1
X2004-25 512x8 250ns |100mA | 55mA | 100,000 28 A o | o . 1-73 7-1
X2004 512x8 300ns [100mA | 55mA | 100,000 28 A o | o . 1-73 7-1
B
B
X20041 512x8 300ns |120mA | 90mA {100,000 28 B ) . . 1-73 7-1

X2004M-25 512x8 250ns [120mA | 90mA | 100,000 28 C U U 1-81 7-1

X2004M 512x8 300ns [120mA | 90mA | 100,000 28 C o | e 1-81 7-1

A = Commercial =0° to +70°C.
B = Industrial = -40° to +85°C.
C = Military =~55° to +125°C.
P = Plastic DIP

D = Cerdip

E = Ceramic LCC
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Reference Guide to Xicor Nonvolatile Memories

SERIAL NOVRAMSs

Data | Order
Part Organ- Clk. Power Store | No.of | Temp. Package Sheet | Info.
Number ization Freq. | Active | Standby | Sleep | Cycles | Pins | Range(s)| P | D | E | Page # |Page #
X2444 16x16 | 1TMHz | 15mA | 10mA 7mA | 10,000 8 A o | 2-1 7-2
X2444/10 | 16x 16 | 1MHz | 15mA | 10mA 7mA | 100,000 8 A o | e 241 7-2
X2444| 16x16 | IMHz | 256mA | 15mA |[10mA| 10,000 8 B o | e 2-1 7-2
X24441/10 | 16 x16 | 1MHz | 256mA | 15mA | 10mA | 100,000 8 B ol 2-1 7-2
X2444M 16x16 | 1MHz | 25mA | 15mA [10mA} 10,000 8 ] o | o 29 7-2
X2444M/10| 16x16 | 1MHz | 25mA | 15mA | 10mA | 100,000 8 C o] 29 7-2
SERIAL E2PROMs
Page Data Order
Part Organ- Size Cik. Power No. of | Temp. Package Sheet Info.
Number | ization | (#Bytes) Freq. Active | Standby | Pins |Range(s)| P | D | E | Page # | Page #
X2404 512x8 8 100KHz 20mA 15mA 8 A o | e 2-17 7-3
X24041 512 x 8 8 100KHz 20mA 15mA 8 B o | e 2-17 7-3
X2404M | 512x8 8 100KHz 20mA 15mA 8 C o le 2-27 7-3
X24C04 | 512x8 8 100KHz 2mA 50uA 8 A B o | e 2-37 7-3
X24C16 | 2048 x 8 8 100KHz 2mA 50uA 8 A, B o] e 2-45 7-3

A = Commercial = 0° to +70°C.
B = Industrial = -40° to +85°C.

C = Military = -55° to +125°C.
P = Plastic DIP

D = Cerdip

E = Ceramic LCC
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4K E2PROMs
Page Data | Order
Part Organ- Size Access Power No. of | Temp. Package Sheet | Info.
Number ization | (#Bytes) Time Active Standby | Pins |Range(s)| P [ D | E | Page # | Page #
X2804A-25 512x 8 N/A 250ns 80mA 50mA 24 A el e 3-1 7-4
X2804A 512x 8 N/A 300ns 80mA 50mA 24 A o | e 3-1 7-4
X2804A-35 512x 8 N/A 350ns 80mA 50mA 24 A L3 ) 3-1 7-4
X2804A-45 512x8 N/A 450ns 80mA 50mA 24 A o] e 3-1 7-4
X2804Al-25 512 x8 N/A 250ns 100mA 60mA 24 B o] e 3-1 7-4
X2804Al 512x 8 N/A 300ns 100mA 60mA 24 B L I 3-1 7-4
X2804A1-35 | 512x8 N/A 350ns 100mA 60mA 24 B L I 3-1 7-4
X2804A1-45 | 512x 8 N/A 450ns 100mA 60mA 24 B o | e 3-1 7-4
X2804AM 512 x8 N/A 300ns 100mA 60mA 24 C . 3-7 7-4
X2804AM-35 | 512x 8 N/A 350ns 100mA 60mA 24 C . 3-7 7-4
X2804AM-45 | 512 x 8 N/A 450ns 100mA 60mA 24 C . 3-7 7-4
16K E2PROMSs
Page Data | Order
Part Organ- Size Access Power No. of| Temp. Package | gpheet | Info.
Number ization | (#Bytes) | Time Active Standby | Pins |Range(s)| P | D | E| Page #|Page #
X2816A-25 |2048 x 8 N/A 250ns 110mA 50mA 24 A e | e el 3-13 7-4
X2816A 2048 x 8 N/A 300ns 110mA 50mA 24 A o | o] e| 3-13 7-4
X2816A-35 | 2048 x 8 N/A 350ns 110mA 50mA 24 A o| o| of 3-13 7-4
X2816A-45 | 2048 x 8 N/A 450ns 110mA 50mA 24 A | e| el 313 7-4
X2816A1-25 | 2048 x 8 N/A 250ns 140mA 60mA 24 B s ¢ e 313 7-4
X2816Al 2048 x 8 N/A 300ns 140mA 60mA 24 B | o o] 3-13 7-4
X2816Al-35 | 2048 x 8 N/A 350ns 140mA 60mA 24 B | e| of 3-13 7-4
X2816Al-45 | 2048 x 8 N/A 450ns 140mA 60mA 24 B e| ej o] 3-13 7-4
X2816AM 2048 x 8 N/A 300ns 140mA 60mA 24 C o o] 3-19 7-4
X2816AM-35 | 2048 x 8 N/A 350ns 140mA 60mA 24 o} e | e} 3-19 7-4
X2816AM-45 | 2048 x 8 N/A 450ns 140mA 60mA 24 C o | of 3-19 7-4
X2816B 2048 x 8 32 150ns 60mA 30mA 24 A B e| o| o] 325 7-4
X2816H 2048 x 8 32 45ns 80mA — 24 A B o| e| o] 3-31 7-4
X2616 2048 x 8 N/A 45ns 80mA — 24* A B e | o] o] 383 7-4
N/A = Not Applicable A = Commercial = 0° to +70°C.
*Industry Standard Bipolar PROM Pinout g - m::g’,ﬂ fs_;o:o,g&%zog
P = Plastic DIP
D = Cerdip

E = Ceramic LCC
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64K E2PROMs

Page Data | Order
Part Organ- Size Access Power No. of| Temp. Package | gheet | Info.
Number ization | (#Bytes) | Time Active Standby | Pins [Range(s)| P | D | E | Page #|Page #
X2864A-20 | 8192 x 8 16 200ns 140mA 60mA 28 A e o] el 333 7-4
X2864A-25 | 8192 x8 16 250ns 140mA 60mA 28 A o| o| o] 3-41 7-4
X2864A 8192 x 8 16 300ns 140mA 60mA 28 A o| o] o 3-41 7-4
X2864A-35 | 8192x8 16 350ns 140mA 60mA 28 A o| o] o] 3-41 7-4
X2864A-45 | 8192 x8 16 450ns 140mA 60mA 28 A of o] of 3-41 7-4
X2864A1-20 | 8192 x 8 16 200ns 140mA 70mA 28 B o| e| o] 3-33 7-4
X2864AI1-25 | 8192 x 8 16 250ns 140mA 70mA 28 B o| o] o 3-41 7-4
X2864Al 8192 x 8 16 300ns 140mA 70mA 28 B o| o} o] 3-41 7-4
X2864AI1-35 | 8192 x 8 16 350ns 140mA 70mA 28 B ol o) of 3-41 7-4
X2864Al1-45 | 8192 x 8 16 450ns 140mA 70mA 28 B | o] of 3-41 7-4
X2864AM-25| 8192 x 8 16 250ns 140mA 70mA 28 C o] o] 3-49 7-4
X2864AM 8192 x 8 16 300ns 140mA 70mA 28 C e| o| 3-57 7-4
X2864AM-35| 8192 x 8 16 350ns 140mA 70mA 28 o] o| o] 3-57 7-4
X2864AM-45] 8192 x 8 16 450ns 140mA 70mA 28 C ol o 3-57 7-4
X2864B 8192 x 8 32 150ns 80mA 30mA 28 A B e| o] o} 3-65 7-4
X2864H 8192 x 8 32 45ns 100mA — 28 A B el o] o} 3-71 7-4
X28C64 8192 x 8 32 150ns 60mA 200uA 28 A B ) e | e| 3-73 7-4
X2664 8192 x 8 N/A 45ns 100mA — 24* A B el o] eo| 3-85 7-4
N/A = Not Applicable
*Industry Standard Bipolar PROM Pinout
256K E2PROMs
Page Data | Order
Part Organ- Size Access Power No. of| Temp. Package Sheet | Info.
Number ization | (#Bytes) | Time Active Standby | Pins |Range(s)| P | D | E | Page #|Page #
X28256 32K x 8 64 150ns 100mA 50mA 28 A B o| o] o} 3-75 7-4
X28C256 32K x 8 64 150ns 80mA 200pA 28 A B o | o e 3-81 7-4

A = Commercial = 0° to +70°C.
B = Industrial = -40° to +85°C.
C = Military = -55° to +125°C.
P = Plastic DIP

D = Cerdip

E = Ceramic LCC

Xi



Reference Guide to Xicor Nonvolatile Memories

E2POTENTIOMETERS (E2POT™)

Nominal Data Order
Part Wiper incremental Maximum No. of Temp. Package Sheet Info.

Number | Resistance | Resistance Resistance Pins Range(s) D E Page # | Page #
X9103 400 1010 10KQ 8 A B C . 4-1 4-2
X9203 400 2020 20K 8 A B C . 4-1 4-2
X9503 400 5050 50K 8 A B C . 4-1 4-2
X9104 400 1.01KQ 100K 8 A B C ° 4-1 4-2
X9204 400 2.02KQ 200K 8 A, B, C . 41 4-2
X9504 400 5.05K0 500K 8 A B C . 4-1 4-2
X9105 400 10.1KQ 1MQ 8 A B C . 4-1 4-2

A = Commercial = 0° to +70°C.
B = Industrial = -40° to +85°C.
C = Military = -55° to +125°C.
P = Plastic DIP

D = Cerdip

E = Ceramic LCC
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Memory Overview

Since its founding, Xicor has developed and placed into
production a wide range of system-alterable 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 archi-
tectures (NOVRAM and E2PROM), interfaces (nibbie-
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,
respectively.

Lower density E2PROMs and NOVRAMs have been
readily available for a number of years and have pro-
vided 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 E2PROMs are being
used in instrumentation and industrial control applica-
tions to store calibration data and control information.
Communications equipment has implemented these
same devices to store phone numbers in repertory dial-
ers and antenna positioning equipment.

The list of first generation applications goes on at length;
however, with the advent of the next generation of
higher density E2PROM devices, such as the X2864A,
the potential applications areas for E2EPROMs has rapidly
expanded.

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

As Figures 1 and 2 illustrate, Xicor's response has been
active. The issues addressed by the Xicor design team
have been: faster read access time, faster write cycle
time (Figure 1), denser memory devices and write protec-
tion 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 neither hinder nor limit the memory
designer’s imagination. The products and features
shown in Figures 1 and 2 and in the data sheets in this
catalog illustrate Xicor's dedication to listening to you,
the designer, in providing memory design solutions.
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400 us \

300 us \
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\
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Log Effective Byte Write Cycle Time

60 us

40 us

30 us

20 s

10 us
* T qe82 1983
X2804A & X2864A
X2816A 5 ms write cycle
1 byte every 16 byte page
5ms

1984 1985
intensive R&D 28648 & 28168
to speed write cycle 2 ms write cycle
32 byte page
28256
2 ms write cycle
64 byte page

Figure 1: Xicor's E2PROM Write Cycle Time Reduction.
Effective byte write cycle time is calculated by dividing the device’s internal
write cycle time by the number of bytes per page.
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, Electronic Product Magazine.

*Product of the Year Award

1980 — First 5 volt only nonvolatile memory, sets new industry standard.

1981

— Expanded 5 volt only NOVRAM family.
1982 — First 5 volt only E2PROM. First E2PROM to offer latched address and data setting another

2PROMs in both NMOS

page write capability and DATA Polling, becoming de
wide configurations. Introduction of Serial E2PROM

ROMs. First Serial NOVRAM introduced.

ature
2P

industry standard.
1983 — First production E2PROM to fe:
facto industry standard for all E
1984 — Expansion of NOVRAM into byte-
and CMOS technologies.

family.
1985 — Banner year with introduction of high speed and higher density E

Figure 2: Xicor's Product Evolution.
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icor

1K Commercial X2201A 1024 x 1 Bit

Nonvoiatile Static RAM

FEATURES reliable N-channel floating gate MOS technology used in

e Single 5 Volt Supply all Xicor 5 volt nonvolatile memories.

° Fu!ly‘ TTLz Compatible The NOVRAM design allows data to be easily transferred

® Infinite EPROM Array Recall, RAM Read from RAM to E2PROM (store) and from E2PROM to RAM
and Write Cycles (recall). The store operation is completed in 10ms or less

® Access Time of 300ns Max. and the recall is typically completed in 1ps.

e Nonvolatile Store Inhibit: Vcc = 3v Typical

Xicor NOVRAMs are designed for unlimited write opera-
tions to RAM, either from the host or recalls from
E2PROM. The E2PROM array is designed for a minimum
DESCRIPTION 10,000 store cycles. Data retention is specified to be
The Xicor X2201A is a 1024 x 1 NOVRAM* featuring a greater than 100 years.

high-speed static RAM overlaid bit-for-bit with a non-

100 Year Data Retention

volatile EZPROM. The X2201A is fabricated with the same “NOVRAM is Xicor's nonvolatile static RAM device.
PIN CONFIGURATION FUNCTIONAL DIAGRAM
—
Ao |t 18] Ve N%g\cl)%LATILE SRRSO
E?
a ]2 [ ]as MEMORY /
A |3 16 ] A ARRAY J
a[|a e A
s X2201A o STORE
Dour[_]6 13 ]as
STORE[_|7 12| ]ow A'—p z 5 g AF::FAALYL
— ARRAY RE!
we[ s | mL A~ 23] | &
ves[9 10| T8 ol &
ME
AA—g —
Diny COLUMN 1/0 CIRCUIT: x
Cs—fF< COLUMN SELECT 3 Dour
—_— Qo
PIN NAMES RECALL— 8§
Ag-Aq Address Inputs STORE— As As A7 As A Vss Vec
Din Data Input
Dour Data Out
WE Write Enable
CS Chip Select
ARRAY RECALL Array Recall
STORE Store
Vee +5V
Vss Ground
May 1985
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X2201A

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias ..
Storage Temperature
Voltage on any Pin with

Respect to Ground

D.C.QutputCurrent . ..........ccovivvnenennnn..
Lead Temperature (Soldering,

10 Seconds)

D.C. OPERATING CHARACTERISTICS
Ta = 0°C to +70°C, Vg = +5V x£10%, unless otherwise specified.

......... —10°C to +85°C
—65°C to +150°C

......................... -1.0Vio +7V

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device. This is a stress rating

only and the functional operation of the device at these or any

....... 5 mA

other conditions above those indicated in the operational sections
of this specification is not implied. Exposure to absolute maximum

rating conditions for extended periods may affect device reliability.

Limits
Symbol Parameter Min. Max. Units Test Conditions
lec Power Supply Current 60 mA All Inputs = Ve
ljo = 0 mA
Iu Input Load Current 10 wA Vin = GND to Vge
o Output Leakage Current 10 nA Vour = GND to Ve
" Input Low Voltage -1.0 0.8 \'
Vi Input High Voltage 2.0 Vee +1.0 \"
VoL Output Low Voltage 0.4 \ lop = 4.2 mA
Von Output High Voltage 2.4 \Y lon = —2 mA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cro"” input/Output Capacitance 8 pF Vo = OV
Cn'" Input Capacitance 6 pF Vin = OV
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 tc 3.8 Volts Inputs Input Output
Input Rise and 10 nsec CS |WE[ARRAY RECALL [STORE /o Mode
Fall Times -
H| X H H | Output High Z |Not Selected®
'{}%‘;ﬁ;’.‘i\%ﬁp”t 1.5 Volts L|H H H |OutputData |Read RAM
Output Load 1 JLT'; (%g%e pa'?d L|tL H H Input Data High Wr?te “1” RAM
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 | Output High Z [Nonvolatile Storing®
H | X H L Output High Z | Nonvolatile Storing®

Notes: (2) Chip is deselected but may be automatically completing a store cycle.

(3) STORE = L is required only to initiate the store cycle, after which the
store cycle will be automatically completed (STORE = X).
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X2201A

A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vo = +5V =10%, unless otherwise specified.
Read Cycle Limits

Symbol Parameter Min. Max. Units
the Read Cycle Time 300 ns
ta Access Time 300 ns
tco Chip Select to Output Valid 200 ns
ton Output Hold from Address Change 50 ns
tz Chip Select to Output in Low Z 10 ns
thz Chip Deselect to Output in High Z 10 100 ns

Read Cycle
ADDRESS X X
- ——
C_S _——__-\f—'co—»
—tz la—ton—|  |etiz—
DATA OUT K DATA VALID |z
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X2201A

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 300 ns
tew Chip Select to End of Write 150 ns
tas Address Set-up Time 50 ns
twp Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
ton 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

¥
i Write Cycle
¢ ADDRESS ) @ X
; -ty
4 cs ANR NTTXT
f‘ -1, > | twp »-t—typ >
H WE S\ A
\ <t —»| ton [—
DATA IN DATA VALID
twz [-tow
DATA OUT
Early Write Cycie
ADDRESS )k D, 4
cs N L
| ——tpg—|
WE AN NN A
<—toy—| ‘ton |e—
DATA IN DATA VALID %
HIGH Z
DATA OUT




X2201A

Store Cycle Limits

Symbol Parameter Min. Max. Units
tstc Store Cycle Time 10 ms |
tsre 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, »
R STC'

STORE —\ T T 7T TN T 777 ,r

—| tgrz  |—

DATA OUT aik 1—OOXKXK K

P N




X2201A

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
tree Array Recall Cycle Time 1200 ns
trep Recall Pulse Width® 450 ns
trez 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

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

Array Recall Cycle

ADDRESS XXX K ADDRESSES VALID <

ARRAY RECALL ﬂk yd

s N AN /

| ———————t g ——————
—»| tacz [@—— | topc |

DATA OUT HiGhz DATA UNDEFINED DATAVALID  Do—me
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X2201A

PIN DESCRIPTIONS AND DEVICE OPERATION

Addresses (A,—As)

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, determin-
ing whether a RAM read or write operation is enabled. WE
HIGH enables a read and WE LOW enables a write.

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

Data Out (Doyy)

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 inhibited dur-
ing the store cycle. The store operation will be completed
in 10ms or less.

A store operation has priority over RAM read/write opera-
tions. 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 immediately
terminated and the store performed. The data at the RAM
address that was being written will be unknown in both the
RAM and E?PROM.

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 com-
pleted in 1us 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.

® V- Sense—All functions are inhibited when Ve is
< 3y, 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
20ns will not initiate a store cycle.

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide during data
changes, Xicor NOVRAMs are designed 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 corresponding location in the
RAM will be “cycled” during a nonvolatile store. This char-
acteristic reduces unnecessary cycling of any of the rest of
the bits in the array, thereby increasing the potential en-
durance of each bit and increasing the potential en-
durance of the entire array. Reliability data documented in
RR504, the Xicor Reliability Report on Endurance, and
additional reports are available from Xicor.

Data Changes
Per Bit

1,000

Part Number
X2201A

Store Cycles
10,000
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icor

256 Bit Commercial X2210A 64 x 4 Bit
Nonvolatile Static RAM
FEATURES N-channel floating gate MOS technology used in all Xicor

5 volt nonvolatile memories. The X2210A features the
JEDEC approved pinout for 4-bit-wide memories, compati-
ble with industry standard RAMs.

e Single 5 Volt Supply

o Fully TTL Compatible

e JEDEC Standard 18-Pin Package

e Infinite E2PROM Array Recall, RAM Read
and Write Cycles

® Access Time of 250ns Max.

® Nonvolatile Store Inhibit: Vcc = 3v Typical

e 100 Year Data Retention

The NOVRAM design allows data to be easily transferred
from RAM to E2PROM (store) and from E2PROM to RAM
(recall). The store operation is completed in 10ms or less
and the recall is typically completed in 1pus.

Xicor NOVRAMs are designed for unlimited write opera-
tions to RAM, either from the host or recalls from
E?PROM. The E2PROM array is designed for a minimum
10,000 store cycles. Data retention is specified to be
greater than 100 years.

DESCRIPTION

The Xicor X2210A is a 64 x 4 NOVRAM* featuring a high-
speed static RAM overlaid bit-for-bit with a nonvolatile
E2PROM. The X2210A is fabricated with the same reliable

*NOVRAM is Xicor's nonvolatile static RAM device.

PIN CONFIGURATION FUNCTIONAL DIAGRAM

r——u—1 N?NVOUTlLE
Ne [ | 18 p Ve EMON
af |2 17{ Inc N » o
A 13 18] s "y
A I:] 4 15 ]1/04 p———
X2210A :
A, [: 5 14 Juos
Ao E 6 13 E 1/0;
as[ |7 12| _Jvo, —
ves |8 1 [we RECALL
— ARRAAY
STORE[ |s 1ol Jamear Vo,
40,
110,

PIN NAMES V0. I
Ap—As Address Inputs r%
1/0,-1/04 Data Inputs/Outputs _ <}
WE Write Enable s
CS Chip Select wE
ARRAY RECALL  Array Recall
STORE Store
Vee +5V
Vss Ground
NC No Connect
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X2210A

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias .................... -10°C to +85°C
Storage Temperature ...................... —65°C to +150°C
Voltage on any Pin with

Respectto Ground ......................... —-1.0V to +7V
D.C. Qutput Current ...t 5 mA
Lead Temperature (Soldering,

10 Seconds)

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

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

Limits
Symbol Parameter Min. Max. Units Test Conditions
lec Power Supply Current 50 mA All Inputs = Vo
lyo = 0 mA
lu Input Load Current 10 A Vin = GND to Ve
Lo Output Leakage Current 10 pA Vout = GND to Ve
Vi Input Low Voltage -1.0 0.8 \
Vi Input High Voltage 2.0 Vee +0.5 \
VoL Output Low Voltage 0.4 \ loL = 4.2 mA
Vou Output High Voltage 2.4 \% lon = —2 mA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Co" Input/Output Capacitance 8 pF Vio = OV
Cn™ Input Capacitance 6 pF Vin = OV
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts Inputs Input OQutput
Input Rise and 10 nsec CS WE|ARRAY RECALL {STORE 1/0 Mode
Fall Times H| X H H | Output High Z |Not Selected®
!P,P,:::,; T_%\%T;pm 1.5 Volts L|H H H |Output Data |Read RAM
Output Load 1 (-_‘TI; (i?)tg ;Ed L|L H H Input Data High Write “1” RAM
L|L H H Input Data Low |Write “0” RAM
X {H L H Output High Z |Array Recall
HI|X L H Output High Z |Array Recall
X|H H L Output High Z |Nonvolatile Storing®
H|X H L | Output High Z |Nonvolatile Storing®®

Notes: (2) Chip is deselected but may be automatically completing a store cycle.

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




X2210A

A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vec = +5V £5%, unless otherwise specified.
Read Cycle Limits

Symbol Parameter Min. Max. Units
tac Read Cycle Time 250 ns
ta Access Time 250 ns
tco Chip Select to Output Valid 200 ns
ton Output Hold from Address Change 50 ns
t> Chip Select to Output in Low Z 10 ns
thz Chip Deselect to Output in High Z 10 100 ns

Read Cycle
ADDRESS X ) &
- ta =
[ \Q———"co'—'
—tz la—ton—| jw-tuz
DATA 170 K DATA VALID Hz




X2210A

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 250 ns
tew Chip Select to End of Write 150 ns
tas Address Set-up Time 50 ns
twp Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
ton 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 )K
-ty —————————
cs AN X77X7
<_'As < .mv i .vm_‘
wE ANNN A
<—tpow—| ton
DATA IN DATA VALID
twz [-tow
DATA OUT
Early Write Cycle
ADDRESS XC > 4
cs N v/ /
we ANARN - e
—toy——» fon |e—r0
DATA IN DATA VALID )L)(Z(
HIGH 2
DATA OUT




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
— u<—ls1-p————> T o [
STORETN AT 777N T 772 ,r
—_—| g7z -— -] tosy |
DATA 1/0 Hiz XXX
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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® 450 ns
trez 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

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

Array Recall Cycle

ADDRESS ADDRESSES VALID X
ARRAY RECALL \ ¥
SSONANNNNNNNY /
—————tapc—————>
—»| tpcz |[@— —»| topc |—
DATA 1/0 Hon2 DATA UNDEFINED DATAVALID e




X2210A

PIN DESCRIPTIONS AND DEVICE OPERATION

Addresses (A,-As)

The address inputs select a 4-bit 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 I/10
pins in the high impedance state.

Write Enable (WE)
The Write Enable input controls the I/O buffers, determin-

ing whether a RAM read or write operation is enabled. WE
HIGH enables a read and WE LOW enables a write.

Data In/Data Out (1/0,-1/0,)

Data is written to or read from the X2210A through the I/O
pins. The I/O pins are placed in the high impedance 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 E°PROM array.
The WE and ARRAY RECALL inputs are inhibited dur-
ing the store cycle. The store operation will be completed
in 10ms or less.

A store operation has priority over RAM read/write opera-
tions. 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 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 com-
pleted in 1ps 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.

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

e Write Inhibit—Holding either STORE HIGH or
RECALL LOW during powerup or power-down will
prevent an inadvertent store operation and E’PROM
data integrity will be maintained.

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

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide during data
changes, Xicor NOVRAMs are designed 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 corresponding location in the
RAM will be “cycled” during a nonvolatile store. This char-
acteristic reduces unnecessary cycling of any of the rest of
the bits in the array, thereby increasing the potential en-
durance of each bit and increasing the potential en-
durance of the entire array. Reliability data documented in
RR504, the Xicor Reliability Report on Endurance, and
additional reports are available from Xicor.

Data Changes
Per Bit

1,000

Part Number
X2210A

Store Cycles
10,000
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icor

: Commercial X2210 \
256 Bit | ustrial X22101 64 x 4 Bit
Nonvolatile Static RAM
FEATURES N-channel floating gate MOS technology used in all Xicor

e Single 5 Volt Supply

® Fully TTL Compatible

e JEDEC Standard 18-Pin Package

o Infinite E2PROM Array Recall, RAM Read
and Write Cycles

Access Time of 300ns Max.

Nonvolatile Store Inhibit: Voc = 3v Typical
100 Year Data Retention

DESCRIPTION

The Xicor X2210 is a 64 x 4 NOVRAM* featuring a high-
speed static RAM overlaid bit-for-bit with a nonvolatile
E2PROM. The X2210 is fabricated with the same reliable

5 volt nonvolatile memories. The X2210 features the
JEDEC approved pinout for 4-bit-wide memories, compati-
ble with industry standard RAMs.

The NOVRAM design allows data to be easily transferred
from RAM to E2PROM (store) and from E2PROM to RAM
(recall). The store operation is completed in 10ms or less
and the recall is typically completed in 1pus.

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

*NOVRAM is Xicor's nonvolatile static RAM device.

PIN CONFIGURATION

FUNCTIONAL DIAGRAM

NONVOLATILE
E:PROM

MEMORY ARRAY

STORE
<« Voo
RECALL

Em— — Vss

10,

170,

110,

110,

o
NC 1 18 j Vee
Aq [j 2 17 ne
IMEE 18] ]as
A[_|a 15[_]1/0a
X2210
al_]s 1a]_Jio,
a[_]e 13[_Jvo,
s |7 12| o,
vss[_ |8 n|_JWE
—_ ARRAY
SToRe[_|o 0Ll xEca
PIN NAMES
Ao—As Address Inputs
1/0,-1/0, Data Inputs/Outputs
WE Write Enable
CS Chip Select
ARRAY RECALL  Array Recall
STORE Store
Vec +5V
Vss Ground
NC No Connect
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X2210, X2210I

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias X2210

X22101
Storage Temperature ......................
Voltage on any Pin with

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

Respectto Ground ......................... -1.0Vto +7V
D.C.Output Current . ...t 5 mA
Lead Temperature (Soldering,

108econds) . ...t 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

X2210 Tpo = 0°C to +70°C, Ve = +5V =10%, unless otherwise specified.

X2210l T, = —40°C to +85°C, Ve = +5V +10%, unless otherwise specified.
X2210 Limits X2210l Limits
Symbol Parameter Min. Max. Min. Max. Units Test Conditions
lcc Power Supply Current 50 55 mA All Inputs = Vg
lio = 0 MA
I Input Load Current 10 10 wA Vin = GND to Vee
lo Output Leakage Current 10 10 pA Vour = GND to Ve
Vi Input Low Voltage -1.0 0.8 -1.0 0.8 \
Vin Input High Voltage 20 (Ngc+1.0f 20 |Vgc +1.0 \"
VoL Output Low Voltage 0.4 0.4 \ loL = 42 mA
Vou Output High Voltage 2.4 2.4 \% lon = —2mA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio'" Input/Output Capacitance 8 pF Vyo = 0V
cn'" Input Capacitance 6 pF Vin = 0V

A.C. CONDITIONS

OF TEST

Note: (1) This parameter is periodically sampled and not 100% tested.

MODE SELECTION

Input Pulse Levels 0 to 3.0 Volts Inputs Input Output

Input Rise and 10 nsec CS |WE|ARRAY RECALL |STORE /0 Mode

Fall Times H X H H | Output High Z |Not Selected®

'T'}?n‘i:,g'?_%\%‘f;p“t 1.5 Volts L|H H H |OutputData |Read RAM

Output Load 1 (')l:l'l; ?%tg palgd L)L H H Input Data High Wri.te “1” RAM
L)L H H Input Data Low |Write “0” RAM
X|H L H Output High Z |Array Recall
Hi{X L H Output High Z | Array Recall
X |H H L | Output High Z |Nonvolatile Storing'®
H|X H L | Output High Z [Nonvolatile Storing®

Notes: (2) Chip is deselected but may be automatically completing a store cycle.
(3) STORE = L is required only to initiate the store cycle, after which the
store cycle will be automatically completed (STORE = X).
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X2210, X2210I

A.C. CHARACTERISTICS

X2210 Tp = 0°C to +70°C, Vec = +5V £10%, unless otherwise specified.
X22101 Ty = —40°C to +85°C, Vcc = +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
ton Output Hold from Address Change 50 ns
tz Chip Select to Output in Low Z 10 ns
thz Chip Deselect to Output in High Z 10 100 ns

Read Cycle
ADDRESS XX K
.A -
cs ) ——
— |t |-— [ —tou—| |tz
HiZ
DATA 1/0 ( DATA VALID




X2210, X2210I

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 300 ' ns
tew Chip Select to End of Write 150 ns
tas Address Set-up Time 50 ns
twe Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns

Hold Ti X2210 0 ns
ton Data Hold Time X22101 20 s
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
<ty
cs AN NN y.OPP. V4
———t,g - twp |- typ >
wE NN ) e
|-<—tow —! toH
DATA IN DATA VALID
twz tow
DATA OUT
Early Write Cycle
ADDRESS X X
cs S 774
-ty s——
wE BNSNNY A
———tpy——»| lon [et——0
DATA IN DATA VALID
HIGH Z
DATA OUT
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X2210, X2210!1

Store Cycle Limits

Symbol Parameter Min. Max. Units
tstc Store Cycle Time 10 ms
tstp Store Pulse Width 100 ns
ts1z Store to Output in High Z 500 ns
tost Output Active from End of Store 10 ns

Store Cycle
;—_—tSTP—-‘» STC B I
STORE
X /f/Z//,)ﬁ////{
—»| g1z - —»| tosy |€-—
DATA 170 AL HF—COOXKXK K

1-21




X2210, X2210l

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
tree Array Recall Cycle Time 1200 ns
trer Recall Puise Width¥ 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

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

Array Recall Cycle

ADDRESS MX XXX ADDRESSES VALID )

trcp—————|

ARRAY RECALL N /(

S TN IS SN S Y S

———————t ppc—————— |

—»| trcz |[w— ——»| topc |w——

DATA 1/0 HicHz DATA UNDEFINED DATA VALID D
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X2210, X2210l

PIN DESCRIPTIONS AND DEVICE OPERATION

Addresses (Ay~As)

The address inputs select a 4-bit 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 /0
pins in the high impedance state.

Write Enable (WE)
The Write Enabie input controls the 1/O buffers, determin-

ing whether a RAM read or write operation is enabled. WE
HIGH enables a read and WE LOW enables a write.

Data In/Data Out (1/0,-1/0,)

Data is written to or read from the X2210 through the I/O
pins. The /O pins are placed in the high impedance 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 EPROM array.
The WE and ARRAY RECALL inputs are inhibited dur-
ing the store cycle. The store operation will be completed
in 10ms or less.

A store operation has priority over RAM read/write opera-
tions. 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 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 E?PROM array to
the RAM array. The transfer of data will typically be com-
pleted in 1us 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.

® V-c Sense—Ali functions are inhibited when V¢ is
< 3y, 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
20ns will not initiate a store cycle.

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide during data
changes, Xicor NOVRAMs are designed 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 corresponding location in the
RAM will be “cycled” during a nonvolatile store. This char
acteristic reduces unnecessary cycling of any of the rest of
the bits in the array, thereby increasing the potential en-
durance of each bit and increasing the potential en-
durance of the entire array. Reliability data documented in
RR504, the Xicor Reliability Report on Endurance, and
additional reports are available from Xicor.

Data Changes
Part Number | Store Cycles Per Bit
o310l 10,000 1,000
Xza1015 50,000 5,000
X2310110 100,000 10,000
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256 Bit  Military

X2210M

64 x 4 Bit

Nonvolatile Static RAM

FEATURES

Single 5 Volt Supply

Fully TTL Compatible

JEDEC Standard 18-Pin Package

Infinite E2PROM Array Recall, RAM Read
and Write Cycles

Access Time of 300ns Max.

Nonvolatile Store Inhibit: V¢ = 3v Typical
100 Year Data Retention

DESCRIPTION

The Xicor X2210 is a 64 x 4 NOVRAM* featuring a high-
speed static RAM overlaid bit-for-bit with a nonvolatile
E2PROM. The X2210 is fabricated with the same reliable

N-channel floating gate MOS technology used in all Xicor
5 volt nonvolatile memories. The X2210 features the
JEDEC approved pinout for 4-bit-wide memories, compati-
ble with industry standard RAMs.

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

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

*NOVRAM is Xicor's nonvolatile static RAM device.

PIN CONFIGURATION

FUNCTIONAL DIAGRAM

T‘ NPNVOLATILE
ne [ 18 Vec MEMOR)
a2 17[_JNe . ¢
o——L—
al]s 16 ]As . STORE
A [ |a 15[ Juo.
X2210 i - S— ARRA
al]s 14 Jvos RECALL
A |6 13[_Jivo, LASTATIC RAM
MEMORY ARRAY
cs 12[ Juo,
sl u| sToRE v
vss[ |8 n[]WEe eI o
— -— s
—_ ARRAY
store[|o 0l | Recart 1o,
110,
110,
110,
PIN NAMES
Ap-As Address Inputs Jﬁ
1041104 Data Inputs/Outputs & AL
WE Write Enable R
CS Chip Select WE
ARRAY RECALL  Array Recall
STORE Store
Vee +5V
Vss Ground
NC No Connect
May 1985
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X2210M

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature ...............
Voltage on any Pin with

—65°C to +135°C
.. —65°C to +150°C

Respectto Ground ................ ... ..., -1.0Vto +7V
D.C.QutputCurrent ............oiiiiiiiiiiiiiia 5 mA
Lead Temperature (Soldering,

108eCoNdS) ..o oo e 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under "Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Ta = —55°C to +125°C, Vo = +5V +10%, unless otherwise specified.

Limits
Symbol Parameter Min. Max. Units Test Conditions
lce Power Supply Current 55 mA All Inputs = V¢
lio = 0 MA
Iu Input Load Current 10 pA Vin = GND to Ve
lo Output Leakage Current 10 pA Vout = GND to Vee
Vi Input Low Voltage -1.0 0.8 \'
Viu Input High Voltage 2.0 Vee +1.0 \
VoL Output Low Voltage 0.4 \ lop = 4.2 mA
Von Output High Voltage 2.4 \' lon = —2 mA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio™" Input/Output Capacitance 8 pF Vio = OV
cn' Input Capacitance 6 pF Vin = 0V
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts Inputs Input Output
Input Rise and CS [WE|ARRAY RECALL |[STORE 10 Mode
Fall Times 10 nsee H | x H H | Output High Z |Not Selected®
'T".?nlfﬁs nd Output 1.5 Volts L|H H H |OutputData |Read RAM
Output Load 1 é-;n_: ?%tg S}Qd L|L H H Input Data High Wr?te 1’ RAM
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 | Output High Z |Nonvolatile Storing®
H| X H L | Output High Z |Nonvolatile Storing®

Notes: (2) Chip is deselected but may be automatically completing a store cycle.

(3) STORE = L is required only to initiate the store cycle, after which the
store cycle will be automatically completed (STORE = X).
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X2210M

A.C. CHARACTERISTICS
Ta = —55°C to +125°C, Vo = +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
ton Output Hold from Address Change 50 ns
tz Chip Select to Output in Low Z 10 ns
thz Chip Deselect to Output in High Z 10 100 ns

Read Cycle
ADDRESS X X

- R O ——

—tiz le—ton—a| |w=tuz

HiZ
DATA VALID

DATA 1/0 (
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X2210M

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 300 ns
tew Chip Select to End of Write 150 ns
tas Address Set-up Time 50 ns
twe Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
ton Data Hold Time 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
—————t oy —————————|
-8 NOAN AL A
g — (- twp > twr >
WE N Y d
t—tpy—| ton [€—
DATA IN DATA VALID
twz tow
DATA OUT
Early Write Cycle
ADDRESS X X
cs ) N, &7
[ —tpg——]
WE AN QNN A
——tpy—| low |e—o0o
DATA IN DATA VALID&XX
HIGH Z
DATA OUT
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X2210M

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
—_— D — N «© |
STORET™\ L7777 N7 777 {
—| gtz |-— —»| tost |[@—
DATAI/O | Ll SF—CO K
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X2210M

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
tree Array Recall Cycle Time 1200 ns
trce Recall Pulse Width® 450 ns
trez 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

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

ADDRESS XXX AKX KX K ADDRESSES VALID X

ARRAY RECALL \ )
S ONOAN NN NANN N /
- .An\. |
—| lpcz |— ———| topc |[E—
DATA 1/0 HiGHZ DATA UNDEFINED DATA VALID )——
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X2210M

PIN DESCRIPTIONS AND DEVICE OPERATION

Addresses (Aj—As)

The address inputs select a 4-bit 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 I/O
pins in the high impedance state.

Write Enable (WE)
The Write Enable input controls the I/0 buffers, determin-

ing whether a RAM read or write operation is enabled. WE
HIGH enables a read and WE LOW enables a write.

Data In/Data Out (1/0,~1/0,)

Data is written to or read from the X2210 through the I/0
pins. The I/O pins are placed in the high impedance 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 E°PROM array.
The WE and ARRAY RECALL inputs are inhibited dur
ing the store cycle. The store operation will be completed
in 10ms or less.

A store operation has priority over RAM read/write opera-
tions. 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 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 com-
pleted in 1us or less.

An array recall has priority over RAM read/write opera-

WRITE PROTECTION

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

® V. Sense—All functions are inhibited when V¢ is
< 3y, typically.

e 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
20ns will not initiate a store cycle.

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide during data
changes, Xicor NOVRAMs are designed 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 corresponding location in the
RAM will be “cycled” during a nonvolatile store. This char-
acteristic reduces unnecessary cycling of any of the rest of
the bits in the array, thereby increasing the potential en-
durance of each bit and increasing the potential en-
durance of the entire array. Reliability data documented in
RR504, the Xicor Reliability Report on Endurance, and
additional reports are available from Xicor.

tions and will terminate both operations when ARRAY
RECALL is asserted. ARRAY RECALL LOW will also
inhibit the STORE input.

Data Changes
Part Number Store Cycles Per Bit
X2210M 10,000 1,000
X2210M/5 50,000 5,000
X2210M/10 100,000 10,000
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icor

1K Commercial X2212A 256 x 4 Bit
Nonvolatile Static RAM

FEATURES reliable N-channel floating gate MOS technology used in

e Single 5 Volt Supply all Xicor 5 volt nonvolatile memories. The X2212A features

o Fully TTL Compatible

e JEDEC Standard 18-Pin Package

e Infinite E2PROM Array Recali, RAM Read
and Write Cycles

® Access Time of 250ns Max.

e Nonvolatile Store Inhibit: V¢c = 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 non-

the JEDEC approved pinout for 4-bit-wide memories, com-
patible with industry standard RAMs.

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

Xicor NOVRAMSs are designed for unlimited write opera-
tions to RAM, either from the host or recalls from
E2PROM. The E2PROM array is designed for a minimum
10,000 store cycles. Data retention is specified to be
greater than 100 years.

volatile EZPROM. The X2212A is fabricated with the same
*NOVRAM is Xicor's nonvolatile static RAM device.

PIN CONFIGURATION FUNCTIONAL DIAGRAM

\ J NONVOLATILE
I 18] vec E?PROM
A2 17] A
A ——— ]
A3 16 ]As
A —— g
A [ |a 15[ J1vos
X2212A T i P —
a[]s 14 10,
L P S—
Ao[ |6 13 w0,
s E ; 12[Jwo, A ———&: MEMORY ARRAY
STORE
vss[ 18 n[ JwE S ~— :CC
=ARE ARRAY * 5
STORE[ |9 1o JARRAY vo
ol
110,
10,
PIN NAMES o J
Ag—-A; Address Inputs Jﬁ
1/0,-1/0, Data Inputs/Outputs _ J\i
WE Write Enable s
CS Chip Select wE
ARRAY RECALL  Array Recall
STORE Store
Vee +5V
Vss Ground
NC No Connect

May 198
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X2212A

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias .................... —10°C to +85°C
Storage Temperature ...................... —65°C to +150°C
Voltage on any Pin with

Respect to Ground ...... -1.0Vto +7V
D.C.Output Current ...........coiiiiiiiiiiiiiieinnns 5 mA
Lead Temperature (Soldering,

10.8€C0NdS) . ..ot e 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under "Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

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

Limits
Symbol Parameter Min. Max. Units Test Conditions
lec Power Supply Current 60 mA All Inputs = Vcc
: lyo = 0 mA
Iy Input Load Current 10 pA Vin = GND to Ve
lo Output Leakage Current 10 pA Vour = GND to Ve
Vi Input Low Voltage -1.0 0.8 \
Vi Input High Voltage 2.0 Vee +0.5 v
VoL Output Low Voltage 0.4 Y lop = 4.2 mA
Vou Output High Voltage 2.4 \" lon = =2 mA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio™ Input/Output Capacitance 8 pF Vio = OV
Cn®™ Input Capacitance 6 pF Vin = OV
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts Inputs Input Output
Input Rise and 10 nsec CS |WE|ARRAY RECALL [STORE /0 Mode
Fall Times -
H|X H H | Output High Z |Not Selected®
B ot 1.5 Volts L|H H H |OutputData |Read RAM
Output Load 1 g:n; %gtg palgd L|L H H Input Data High Wr?te “1” RAM
L|L H H Input Data Low |Write “0” RAM
XIH L H Output High Z |Array Recall
H|X L H Output High Z |Array Recall
X|H H L Output High Z |Nonvolatile Storing®
H| X H L | Output High Z |Nonvolatile Storing®

Notes: (2) Chip is deselected but may be automatically completing a store cycle.

(3) STORE = L is required only to initiate the store cycle, after which the
store cycle will be automatically completed (STORE = X).
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X2212A

A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Ve = +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
ton Output Hold from Address Change 50 ns
tz Chip Select to Output in Low Z 10 ns
thz Chip Deselect to Output in High Z 10 100 ns

Read Cycle
ADDRESS X X
e —
cSs ———NQ——-QCO-——b
—t 7 lt—ton— -tz
DATA 170 K DATA VALID uLs
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X2212A

Write Cycle Limits

DATA OUT

Symbol Min. Max. Units
twe Write Cycle Time 250 ns
tew Chip Select to End of Write 150 ns
tas Address Set-up Time 50 ns
twe Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
ton 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 D ¢ X
cs \\\ /,/ / Z /
—t,s - twp <—typ>
WE AN N A
|<e—tpw—| ton
DATA IN DATA VALID
twz l-tow
DATA OUT
Early Write Cycle
ADDRESS 4( X
cs N
——t g g
wE ) _ X

| «——tow—| ton |e—
DATA IN DATA VALID

HIGH Z
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X2212A

Store Cycle Limits

Symbol Parameter Min. Max. Units
tstc Store Cycle Time 10 ms
tste 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
_ e terp———>| P > |
STORETTN L7 777N 777X ,r
—_—| tgrz - —| tost |@—
paTAL/0 | #—KRXRK K
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X2212A

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
tree Array Recall Cycle Time 1200 ns
trer Recall Pulse Width® 450 ns
trez 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

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

ADDRESS K X O AKX XN ADDRESSES VALID )

ARRAY RECALL . A
SIS NN NN XY /
[ SRERSURIEIS Pt oS——
—| trez ———| topc |w—
DATA 1/0 HIGHZ DATA UNDEFINED DATA VALID }—
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X2212A

PIN DESCRIPTIONS AND DEVICE OPERATION

Addresses (A—-A;)

The address inputs select a 4-bit 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 I/O
pins in the high impedance state.

Write Enable (WE)

The Write Enable input controls the I/O buffers, determin-
ing whether a RAM read or write operation is enabled. WE
HIGH enables a read and WE LOW enables a write.

Data In/Data Out (1/0,~1/0,)

Data is written to or read from the X2212A through the /0
pins. The I/O pins are placed in the high impedance 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 inhibited dur-
ing the store cycle. The store operation will be completed
in 10ms or less.

A store operation has priority over RAM read/write opera-
tions. 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 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 EZPROM array to
the RAM array. The transfer of data will typically be com-
pleted in 1ps 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 aiso
inhibit the STORE input.

WRITE PROTECTION

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

® V¢ Sense—All functions are inhibited when V¢ is
< 3y, typically.

o 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
20ns will not initiate a store cycle.

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide during data
changes, Xicor NOVRAMs are designed 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 corresponding location in the
RAM will be “cycled” during a nonvolatile store. This char-
acteristic reduces unnecessary cycling of any of the rest of
the bits in the array, thereby increasing the potential en-
durance of each bit and increasing the potential en-
durance of the entire array. Reliability data documented in
RR504, the Xicor Reliability Report on Endurance, and
additional reports are available from Xicor.

Data Changes
Per Bit

1,000

Part Number
X2212A

Store Cycles
10,000
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X2212

Commercial .
1K Industrial X22121 256 x 4 Bit
Nonvolatile Static RAM
FEATURES N-channel floating gate MOS technology used in all Xicor

e Single 5 Volt Supply

e Fully TTL Compatible

¢ JEDEC Standard 18-Pin Package

e Infinite EZPROM Array Recall, RAM Read
and Write Cycles

e Access Time of 300ns Max.

o Nonvolatile Store Inhibit: Vo = 3v Typical

o 100 Year Data Retention

DESCRIPTION

The Xicor X2212 is a 256 x 4 NOVRAM* featuring a high-
speed static RAM overlaid bit-for-bit with a nonvolatile
E?PROM. The X2212 is fabricated with the same reliable

5 volt nonvolatie memories. The X2212 features the
JEDEC approved pinout for 4-bit-wide memories, compati-
ble with industry standard RAMs.

The NOVRAM design allows data to be easily transferred
from RAM to E2PROM (store) and from E2PROM to RAM
(recall). The store operation is completed in 10ms or less
and the recall is typically completed in 1pus.

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

*NOVRAM is Xicor's nonvolatile static RAM device.

PIN CONFIGURATION

" |
a [ 18] ] vec
a2 17 t:] s
As 5 3 18] ] As
A [ |4 15[ ]1/04
X2212 :]
al[]s 14[_J 10
Ao 6 13[ o,
cs[ |7 12]_]1/0,
vss[|8 n[_we
o1 ARRAY
STORE[ |9 1ol [2RRA
PIN NAMES
Ao—-A; Address Inputs
&—I/O., 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

Ao ——F——]
STORE
A — 5
L ) S— ARRAY
RECALL
Ha———L 5
STATIC RAM
A—— MEMORY ARRAY

STORE
«— Vo
RECALL
+— Vss
COLUMN
170 CIRCUITS

1104

1/0,

Iotomn setect )

1/05.

110,
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X2212, X2212i

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias X2212 .............. —10°C to +85°C

X22121 ... ...l —-65°C to +135°C
Storage Temperature ...................... —65°C to +150°C
Voltage on any Pin with
Respectto Ground .................. ... ~-1.0Vto +7V
D.C.Output Cumrent . ........ooviieiniiiiiiiiinannn 5 mA
Lead Temperature (Soldering,
108eCoNdS) . ..ot 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

X2212 T = 0°C to +70°C, Vgc = +5V £10%, unless otherwise specified.

X22121 Ty = —40°C to +85°C, Voo = +5V =10%, unless otherwise specified.
X2212 Limits X2212I Limits
Symbol Parameter Min. Max. Min. Max. Units Test Conditions
lce Power Supply Current 60 70 mA All Inputs = Vo
lio = 0 mA
I Input Load Current 10 10 wA Vin = GND to Ve
o Output Leakage Current 10 10 A Vour = GND to Vgc
Vio Input Low Voitage -1.0 0.8 -1.0 0.8 \
Vin Input High Voltage 20 |Vgc +1.0f 2.0 |Vgc +1.0 \Y
Voo Output Low Voltage 0.4 0.4 \Y lo. = 4.2 mA
Vou Output High Voltage 24 2.4 A lon = —2 mA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cyo™ Input/Output Capacitance 8 oF Vio = OV
Cn Input Capacitance 6 pF Vin = OV
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts Inputs Input Output
:?put Rise and 10 nsec CS|WE|ARRAY RECALL [STORE /0 Mode
all Times H|X H H | Output High Z |Not Selected®
P bt 15 Volts L|H H H |OutputData |Read RAM
Output Load 1 g;n_: (_i%%, ;Fd Li{L H H Input Data High erte “1” RAM
L|L H H Input Data Low | Write “0” RAM
XiH L H Output High Z |Array Recall
H| X L H Output High Z |Array Recall
X|H H L | Output High Z [Nonvolatile Storing®
HX H L | Output High Z |Nonvolatile Storing®

Notes: (2) Chip is deselected but may be automatically completing a store cycle.
(3) STORE = L is required only to initiate the store cycle, after which the
store cycle will be automatically completed (STORE = X).

1-42




X2212, X2212I

A.C. CHARACTERISTICS
X2212 T = 0°C to +70°C, Ve = +5V +£10%, unless otherwise specified.
X22121 To = —40°C to +85°C, Ve = +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
ton Output Hold from Address Change 50 ns
tz Chip Select to Output in Low Z 10 ns
thz Chip Deselect to Output in High Z 10 100 ns

Read Cycle
-+ tac
ADDRESS X K

-t ————

cs ) N —

— |t |-— |t —> <tz
Hiz
DATA 170 K DATA VALID
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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 Set-up Time 50 ns
twp Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns

X2212 0 ns
t Data Hold Ti
oH ata Hold 1ime - | yoo12y 20 ns
twz Write Enable to Output in High Z 10 100 ns
tow Output Active from End of Write 10 ns
Write Cycle
- —————————————twc
ADDRESS ) 4 X
cs NOAD) AL LA
—tpg - |- twp >ty
WE AN A
<—tpy —| toH [—r
DATA IN DATA VALID
twz -tow >
DATA OUT
Early Write Cycle
ADDRESS X X
Cs N L
|t g g~
WE AN AN N A
<——topy—»| ton [e——ro
DATA IN DATA VALID *XX
HIGH Z
DATA OUT
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X2212, X2212i

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
— e h
STORE a(} l
RN T 7 7T TN 777 ;I’
— | tgry  |— —| togr |w—
DATA 1/0 e F—OOXXXK
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X2212, X2212]

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
trce Array Recall Cycle Time 1200 ns
thep Recall Pulse Width® 450 ns
trez 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 Recali 750 ns

Note: (4) Array Recall rise time must be less than 1 ps.
Array Recall Cycle
ADDRESS Y XXX XK XK ADDRESSES VALID K

R

ARRAY RECALL \ )

S N AN NN N

—

—| trcz |— ——»] topc |et—o

HIGH Z

DATA1/0 DATA UNDEFINED

DATAVALID e
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X2212, X2212i

PIN DESCRIPTIONS AND DEVICE OPERATION

Addresses (A,-A;)

The address inputs select a 4-bit 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 I/0
pins in the high impedance state.

Write Enable (WE)

The Write Enable input controls the I/O buffers, determin-
ing whether a RAM read or write operation is enabled. WE
HIGH enabies a read and WE LOW enables a write.

Data In/Data Out (I/0,-1/0,)

Data is written to or read from the X2212 through the I/O
pins. The I/O pins are placed in the high impedance 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 inhibited dur-
ing the store cycle. The store operation will be completed
in 10ms or less.

A store operation has priority over RAM read/write opera-
tions. 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 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 E°PROM array to
the RAM array. The transfer of data will typically be com-
pleted in 1ps 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.

® V. Sense—All functions are inhibited when V¢ is
=< 3y, typically.

e 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
20ns will not initiate a store cycle.

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide during data
changes, Xicor NOVRAMs are designed to minimize the
number of changes an E2PROM bit cell undergoes during
store operations. Only those bits in the E°PROM
that are different from their corresponding location in the
RAM will be “cycled” during a nonvolatile store. This char-
acteristic reduces unnecessary cycling of any of the rest of
the bits in the array, thereby increasing the potential en-
durance of each bit and increasing the potential en-
durance of the entire array. Reliability data documented in
RR504, the Xicor Reliability Report on Endurance, and
additional reports are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
Xo2151 10,000 1,000
Xe21505 50,000 5,000
Xo3 15110 100,000 10,000
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icor

1K Military X2212M 256 x 4 Bit
Nonvolatile Static RAM
FEATURES N-channel floating gate MOS technology used in all Xicor

e Single 5 Volt Supply

e Fully TTL Compatible

e JEDEC Standard 18-Pin Package

o Infinite EZPROM Array Recall, RAM Read
and Write Cycles

® Access Time of 300ns Max.

e Nonvolatile Store Inhibit: V¢ = 3v Typical

o 100 Year Data Retention

DESCRIPTION

The Xicor X2212 is a 256 x 4 NOVRAM"* featuring a high-
speed static RAM overlaid bit-for-bit with a nonvolatile
E2PROM. The X2212 is fabricated with the same reliable

5 volt nonvolatile memories. The X2212 features the
JEDEC approved pinout for 4-bit-wide memories, compati-
ble with industry standard RAMs.

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

Xicor NOVRAMs are designed for unlimited write opera-
tions to RAM, either from the host or recalls from
E®’PROM. The E2PROM array is designed for a minimum
10,000 store cycles. Data retention is specified to be
greater than 100 years.

*NOVRAM is Xicor's nonvolatile static RAM device.

PIN CONFIGURATION

W
A [ 18] ] vee
A : 2 17[ A
A [j 3 18] | As
2[4 15] ] 1/0a
X2212
A s 14 J1os
as[|e 13[ o,
cs[ 17 12{ Jio
vss[]8 n| | WE
POV ARRAY
store[_|9 o] e
PIN NAMES
Ag—A; Address Inputs
VO4~1/04 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

Ao

Ay

Az

As

STATIC RAM
MEMORY ARRAY

Lkl

As

STORE
+— Ve

RECALL
+—— Vss

110,

110,

110,

10,

Yyly
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X2212M

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature
Voltage on any Pin with

—65°C to +135°C
—65°C to +150°C

Respectto Ground ................ .. -1.0Vto +7V
D.C. Qutput Current ...ttt 5 mA
Lead Temperature (Soldering,

10 SECONAS) + oottt e e 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under "Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Ta = —55°C to +125°C, Vge = +5V +£10%, uniess otherwise specified.

Limits
Symbol Parameter Min. Max. Units Test Conditions
lec Power Supply Current 70 mA All Inputs = Ve
lyjo = 0 mA
Ipy Input Load Current 10 A Vin = GND to Ve
o Output Leakage Current 10 nA Vour = GND to Ve
Vi Input Low Voltage -1.0 0.8 \'
Vi Input High Voltage 2.0 Vge +1.0 \'
Vou Output Low Voltage 0.4 \ loo = 4.2 mA
Vo Output High Voltage 2.4 \Y lon = —2 MA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio" Input/Output Capacitance 8 pF Vie = 0V
cn®™ Input Capacitance 6 pF Vin = 0V
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts Inputs Input Output
Input Rise and 10 nsec CS |WE|ARRAY RECALL [STORE /0 Mode
Fall Times H | X H H | Output HighZ |Not Selected®
'{}%‘f;gﬂ%@p”t 1.5 Volts L|H H H | OutputData |Read RAM
Output Load 1 gjl; G1%t§ :',:-,d L|L H H Input Data High Wr?te 1 RAM
L|L H H Input Data Low | Write “0” RAM
X|H L H Output High Z [Array Recall
HIX L H Output High Z |Array Recall
X|H H L Output High Z [ Nonvolatile Storing®
H| X H L Output High Z |Nonvolatile Storing®

Notes: (2) Chip is deselected but may be automatically completing a store cycle.

(3) STORE = L is required only to initiate the store cycle, after which the
store cycle will be automatically completed (STORE = X).
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X2212M

A.C. CHARACTERISTICS
Ta = —55°C to +125°C, Ve = +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
ton Output Hold from Address Change 50 ns
tz Chip Select to Output in Low Z 10 ns
th> Chip Deselect to Output in High Z 10 100 ns

Read Cycle
ADDRESS X X
CcSs \N'__'w_—»
—_—t, tt—toy—l  ja—tiz—|
HiZ
DATA 1/0 K DATA VALID —
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X2212M

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 300 ns
tew Chip Select to End of Write 150 ns
tas Address Set-up Time 50 ns
twe Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
ton Data Hold Time 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
<t g e
s AN RN ..V 4
-t p g~ [ ———typ >l typ>
WE N\ 4
<—tpy —»| toH |t——
DATA IN DATA VALID
twz tow -
DATA OUT
Early Write Cycle
ADDRESS X X
cs 4\_—AKA/
WE AN A
|——tpw——| ton |t—ro
DATA IN )(X)O(XXXX)L DATA VALID >l<x1<
HIGH 2
DATA OUT
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X2212M

Store Cycle Limits

Symbol Parameter Min. Max. Units
tstc Store Cycle Time 10 ms
tste 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
cTrDE I — - (L T ]
STORE ———\ L 7 7 7 7 )z : : : ,—/T,
—_— g1z | -—— —»| tosT |w—
DATA 170 uiks 4}

1-53




X2212M

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
trce Array Recall Cycle Time 1200 ns
tace Recall Pulse Width® 450 ns
trez 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

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

Array Recall Cycle

ADDRESS ADDRESSES VALID )

ARRAY RECALL N yd

i \ ST
<——————tare

—»| tacz [w-— ——| topc |——
DATA1/0 HIGH 2 DATA UNDEFINED DATAVALID e
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X2212M

PIN DESCRIPTIONS AND DEVICE OPERATION

Addresses (Aqg—A;)

The address inputs select a 4-bit 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 piace the I/0
pins in the high impedance state.

Write Enable (WE)

The Write Enable input controls the I/O buffers, determin-
ing whether a RAM read or write operation is enabled. WE
HIGH enables a read and WE LOW enables a write.

Data In/Data Out (1/0,—1/0,)

Data is written to or read from the X2212 through the 1/0
pins. The /O pins are placed in the high impedance state
when either CS is HIGH or during either a store or recali
operation.

STORE

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

A store operation has priority over RAM read/write opera-
tions. 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 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 com-
pleted in 1pus 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.

® V. Sense—All functions are inhibited when V¢ is
< 3y, typically.

e 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
20ns will not initiate a store cycle.

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide during data
changes, Xicor NOVRAMs are designed to minimize the
number of changes an E2PROM bit cell undergoes during
store operations. Only those bits in the EPROM
that are different from their corresponding location in the
RAM will be “cycled” during a nonvolatile store. This char-
acteristic reduces unnecessary cycling of any of the rest of
the bits in the array, thereby increasing the potential en-
durance of each bit and increasing the potential en-
durance of the entire array. Reliability data documented in
RR504, the Xicor Reliability Report on Endurance, and
additional reports are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2212M 10,000 1,000
X2212M/5 50,000 5,000
X2212M/10 100,000 10,000
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PRELIMINARY

Commercial X2001 .
1K . 128 x 8 Bit
Industrial X2001I
Nonvolatile Static RAM
FEATURES X2001 is fabricated with the same reliable N-channel float-
o Nonvolatile Data Integrity ing gate MOS technology used in all Xicor 5 volt program-
e Automatic Store Timing mable nonvolatile memories. The X2001 features the

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

Enhanced Store Protection

Infinite E2PROM Array Recall, and RAM
Read and Write Cycles

Single 5V Supply

100 Year Data Retention

JEDEC Approved Pinout for Byte-Wide
Memories

o Fast Access Time: 200ns Max.

e Automatic Recall on Power-Up

DESCRIPTION

The Xicor X2001 is a byte-wide NOVRAM* featuring a
high-speed static RAM overlaid bit-for-bit with a non-
volatile electrically erasable PROM (E?PROM). The

JEDEC approved pinout for byte-wide memories, compati-
ble with industry standard RAMs, ROMs, EPROMs and
E2PROMs.

The NOVRAM design allows data to be easily transferred
from RAM to_EzPROM (store) and E?PROM to RAM
(recall). With NE LOW, these functions are performed in
the same manner as RAM read and write operations. The
store operation is completed in 10ms or less and the recall
operation is completed in 5us or less.

Xicor NOVRAMs are designed for unlimited write opera-
tions to RAM, either from the host or recalls from
E2PROM, and a minimum 100,000 store operations to the
E?PROM. Data retention is specified to be greater than
100 years.

*NOVRAM is Xicor's nonvolatile static RAM device.

PIN CONFIGURATION

FUNCTIONAL DIAGRAM

NONVOLATILE
2PROM

MEMORY

ARRAY

sTome

ROW STATIC RAM ARRAY
SELECT MEMORY ARRAY RECALL

CONTROL
LosIc

coLumn
O CIRCUTS

PIN NAMES g J
Ap—As Address Inputs J
VOo—110; Data Inputs/Outputs o
CE Chip Enable J
OE Output Enable - ~
WE Write Enable —H
NE Nonvolatile Enable g
Veo +5V
Vss Ground
NC No Connect

May 1985
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X2001, X20011

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias X2001 .............. —10°C to +85°C
X20011 —65°C to +135°C

—65°C to +150°C

Storage Temperature
Voltage on any Pin with

Respectto Ground ............... ...l -1.0Vto +7V
D.C.Output Current . .........oooviiiiiiiii i, 5 mA
Lead Temperature (Soldering,

10 8€CONAS) .« o ov vttt e 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under "Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

X2001 T, = 0°C to +70°C, Ve = +5V *£5%, unless otherwise specified.
X20011 Ty = —40°C to +85°C, Ve = +5V +£10%, unless otherwise specified.

X2001 Limits X20011 Limits
Symbol Parameter Min. Max. Min. Max. Units Test Conditions
lec Ve Current (Active) 80 100 mA CE =V,
All Other Inputs = Vo
o = 0 mA
Isg Vec Current (Standby) 50 65 mA All Inputs = Ve
lyo = 0 mA
Ipy Input Leakage Current 10 10 nA Vin = GND to Ve
o Output Leakage Current 10 10 wA Vour = GND to Ve
Vi Input Low Voltage -1.0 0.8 -1.0 0.8 \
Vi Input High Voltage 20 |Vgc +0.5] 2.0 |Vgc +1.0 \
Voo Output Low Voltage 04 0.4 \ lo. = 2.1 mA
Von Output High Voltage 24 24 \' loy = —400 pA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio'” Input/Output Capacitance 10 pF Vio = OV
Cin Input Capacitance 6 pF Vi = 0V
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels | 0 to 3.0 Volts CE | WE | NE | OE Mode /0 Power
'F"QI"T iIilri‘sees and 10 nsec H X X X | Not Selected Output High Z Sta.ndby
L H H L | Read RAM Output Data Active
'T'}F,::::,g"g;?e?;p”‘ 1.5 Volts L | L | H | X |Write*”RAM | Input Data High| Active
Output Load 1 g:-L: G1%%3 :pd L L H X | Write “0” RAM Input Dat'a Low Actfve
L H L L | Array Recall 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 | No Operation Output High Z | Active
L H L H | No Operation Output High Z | Active
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X2001, X20011

A.C. CHARACTERISTICS

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

Read Cycle Limits

X2001-20 X2001-25 X2001
X20011-20 X20011-25 X20011
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
tre Read Cycle Time 200 250 300 ns
tce Chip Enable Access Time 200 250 300 ns
taa Address Access Time 200 250 300 ns
toe Output Enable Access Time 70 100 150 ns
tiz 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
torz 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
ton Output Hold from Address Change 0 0 0 ns
Read Cycle
| th -
ADDRESS D’( X X
. ———tce——|
CE \\ //_
. ~—top—>
OE —_\\
___ Vm
WE -t 2
— {5 2 [-— —_—
DATA 170 —SHZ 4 DATA VALID
I<—'AA——->
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X2001,

X20011

Write Cycle Limits

tou
| <—— tow——>
DATA IN * DATA VALID l

X2001-20 X2001-25 X2001
X20011-20 X20011-25 X20011
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
twe Write Cycle Time 200 250 300 ns
tew Chip Enable to End of Write Input 200 250 300 ns
tas Address Set-Up Time 0 0 0 ns
twe 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
ton 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 Cycie
ADDRESS X X
6 LLLLLLS ANOODNNNNN
E NSNS NS
f | e tw
we N ¥
| tow:
DATA OUT D5 > >>>> > X

‘CE Controlled Write Cycle

ADDRESS X D ¢
OE v,
- tow -
CANNNNNN AN N LS
lt—tag twp- twr |
WE N\ %
twz tow
DATA OUT S5 >>>>>—> VAV LA A AV

ton
tow—
DATA IN DATA VALID
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X2001, X20011
Store Cycle Limits
X2001-20 X2001-25 X2001
X20011-20 X20011-25 X20011
Symbol Parameter Min. Max. Min. Max. Min. Max. | Units
tste Store Cycle Time 10 10 10 ms
tsp® | Store Pulse Width 120 150 200 ns
tnHzZ Nonvolatile Enable to Output in High Z 100 100 100 ns
tost | Output Active 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

Note: (2) Once tsp has been satisfied by (NE, OE, WE,

Store Cycle

E) the store cycle is completed automatically, while ignoring all inputs.

le——tgp

s

tste

(/L)

= —{I

WE ——m—71—

\

—C
2T

IJ'\
“

e

«tNS—J

o)
“wv

-tz

Uy
“w

| togT -

DATA I/0 '——<:

Yy
“n
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X2001, X2001l
Array Recall Cycle Limits
X2001-20 X2001-25 X2001
X20011-20 X20011-25 X20011
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
trcc | Array Recall Cycle Time 5.0 5.0 5.0 us
trcp®| Recall Pulse Width to Initiate Recall 120 150 200 ns
tarz Recall to Output in Low Z 0 0 0 ns
tawe | WE Setup Time to NE 0 0 0 ns
taov®| Recall to Data Valid 0.1 4.9 0.1 4.9 0.1 4.9 pns

Note: (3) The X2001 features internal control of the Recall Cycle time. tpcp is the minimum input pulse width required to initiate a

tree is increased further, trpy remains constant and the entire cycle time will increase.

Array Recall Cycle

recall. Once initiated the Recall Cycle will have a completion time of tzpy Which varies. As trep is increased above its
minimum value, the cycle time tgce remains constant and tgpy is reduced accordingly until reaching its minimum value. If

DATA 1/0

ADDRESS
NE <\ .k
oF SSh

trwe—]
WE

S8 NNNNNNNNY

RDV

3)

tNLZ r—
DATA

H

UNDEFINED }

k DATA VALID
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X2001, X20011

PIN DESCRIPTIONS

Addresses (A,—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 buffers
and is used to initiate read and recall operations. Output
Enable LOW disables a store operation regardless of the
state of CE, WE or NE.

Data In/Data Out (1/0,—1/0;)

Data is written to or read from the X2001 through the I/O
pins. The I/O pins are placed in the high impedance 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 opera-
tion. The X2001 byte-wide NOVRAM uses a 2-line control
architecture to eliminate bus contention in a system envi-
ronment. The I/O bus will be in a high impedance 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 performed
in the same manner as RAM read and write operations. A
recall operation causes the entire contents of the EZPROM
to be written into the RAM array. The time required for the

operation to complete is 5us 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 10ms or less, typically 5ms.

POWER-UP RECALL

Upon power-up (Vcc), the X2001 performs an automatic
array recall. When V¢ minimum is reached, the recall is

initiated, regardless of the state of CE, OE, WE and NE.

WRITE PROTECTION

The X2001 has four write protect features that are
employed to protect the contents of both the nonvolatile
memory and the RAM.

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

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

Ve Sense—All functions are inhibited when V¢ is

< 3y, typically. L
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.

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide during data
changes, Xicor NOVRAMs are designed to minimize the
number of changes an E?PROM bit cell undergoes during
store operations. Only those bits in the E?PROM that are
different from their corresponding location in the RAM will
be “cycled” during a nonvolatile store. This characteristic
reduces unnecessary 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 array. Reliability data documented in RR504, the
Xicor Reliability Report on Endurance, and additional
reports are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2001 100,000 10,000
X2001i 100,000 10,000
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icor

PRELIMINARY
Commercial X2002 256 ;
x 8 Bit
K Industrial X2002I
Nonvolatile Static RAM
FEATURES X2002 is fabricated with the same reliable N-channel float-
o Nonvolatile Data Integrity ing gate MOS technology used in all Xicor 5 volt program-

Automatic Store Timing

Store and Array Recall Combined on
One Line (NE)

Enhanced Store Protection

Infinite EZPROM Array Recall, and RAM
Read and Write Cycles

Single 5V Supply

100 Year Data Retention

JEDEC Approved Pinout for Byte-Wide
Memories

o Fast Access Time: 200ns Max.

e Automatic Recall on Power-Up

DESCRIPTION

The Xicor X2002 is a byte-wide NOVRAM* featuring a
high-speed static RAM overlaid bit-for-bit with a non-
volatile electrically erasable PROM (E2PROM). The

mable nonvolatile memories. The X2002 features the
JEDEC approved pinout for byte-wide memories, compati-
ble with industry standard RAMs, ROMs, EPROMs and
E2PROMs.

The NOVRAM design allows data to be easily transferred
from RAM to E2PROM (store) and E2PROM to RAM
(recall). With NE LOW, these functions are performed in
the same manner as RAM read and write operations. The
store operation is completed in 10ms or less and the recall
operation is completed in 5ps or less.

Xicor NOVRAMs are designed for unlimited write opera-
tions to RAM, either from the host or recalls from
E2PROM, and a minimum 100,000 store operations to the
E2PROM. Data retention is specified to be greater than
100 years.

*NOVRAM is Xicor's nonvolatile static RAM device.

PIN CONFIGURATION

PIN NAMES
Ag—A; Address Inputs
1O,-1/0; Data Inputs/Outputs
CE Chip Enable
OE Output Enable
WE Write Enable
NE Nonvolatile Enable
Vee +5V
Vsg Ground
NC No Connect

FUNCTIONAL DIAGRAM

NONVOLATILE
E7PROM
MEMORY

contRoL A
LoGic

coLumn
G CIRCUITS

COLUMN SELECT
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X2002, X2002I

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias X2002

X20021
Storage Temperature ......................
Voltage on any Pin with

.............. -10°C to +85°C
—65°C to +135°C
-65°C to +150°C

Respectto Ground ......................... -1.0Vto +7V
D.C.Qutput Current ...t 5 mA
Lead Temperature (Soldering,

10 8€CoNdS) ...\ v it s 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

X2002 Tp = 0°C to +70°C, Ve = +5V £5%, unless otherwise specified.

X2002| To = —40°C to +85°C, Vcc = +5V £10%, unless otherwise specified.
X2002 Limits X2002! Limits
Symbol Parameter Min. Max. Min. Max. Units Test Conditions
lec Ve Current (Active) 90 110 mA CE =V,
All Other Inputs = V¢
o = 0 MA
Isg Vce Current (Standby) 55 70 mA All Inputs = V¢
lio = 0 mA
I Input Leakage Current 10 10 pA Vin = GND to Ve
o Output Leakage Current 10 10 pA Vour = GND to Ve
Vi Input Low Voltage -1.0 0.8 -1.0 0.8 \'
Vi Input High Voltage 20 (Voc +05] 2.0 |Vgc +1.0 \
VoL Output Low Voltage 0.4 0.4 \ loo = 2.1 mA
Vou Output High Voltage 2.4 2.4 \' lon = —400 pA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cyot" Input/Output Capacitance 10 pF Vo = 0V
cn? Input Capacitance 6 pF Vin = 0V
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels | 0 to 3.0 Volts CE |WE | NE | OE Mode 110 Power
P.'S;JSI' il?fi‘séz and 10 nsec H X X X | Not Selected Output High Z Sta.ndby
L H H L | Read RAM Output Data Active
%ﬂﬁ,g"._%\%ﬂpm 1.5 Volts L | L |[H | X [wie“"RAM | Input Data High| Active
Output Load 1 g;n; G1?)t(<)a ;&gd L L H X | Write “0” RAM Input Dat.a Low Actfve
L H L L | Array Recall 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 | No Operation Output High Z | Active
L H L H | No Operation Output High Z | Active
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X2002, X2002I

A.C. CHARACTERISTICS

X2002 Tp = 0°C to +70°C, Ve = +5V 5%, unless otherwise specified.
X2002I T, = —40°C to +85°C, Voc = +5V =10%, unless otherwise specified.
Read Cycle Limits

X2002-20 X2002-25 X2002
X2002I-20 X2002I-25 X20021
Symbol Parameter Min. Max. Min. Max. Min. Max. Units

tre Read Cycle Time 200 250 300 ns
tce Chip Enable Access Time 200 250 300 ns
tan Address Access Time 200 250 300 ns
toe Output Enable Access Time 70 100 150 ns
tz 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
torz 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
ton Output Hold from Address Change 0 0 0 ns

Read Cycle

| < t .

ADDRESS D}( " X D Gl

——tce———|
CE —\ ——
N //
—t o —
oE — T\
__ Vu
WE
L z—
—| torz |— —
HIGH Z
DATA1/0 4 DATA VALID
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X2002, X2002I

Write Cycle Limits

X2002-20 X2002-25 X2002
X20021-20 X20021-25 X20021
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
twe Write Cycle Time 200 250 300 ns
tew Chip Enable to End of Write Input 200 250 300 ns
tas Address Set-Up Time 0 0 0 ns
twe 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
ton 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 XC X
ok LLILLLS ANAONNNNNN
CE AN AT A7 77777 77
\ } f 4
WE
toz \L—AV

AW
DATA OUT H>O>>>>>>>>

tou
tow iy
DATA IN ; DATA VALID 1

CE Controlled Write Cycle

ADDRESS X X
OE v,
8 DNONONONONNRNNNY AT THT7777777
le—tas twp LN
WE \ J/
twz tow
DATAOUT DD S>> > > >3 >>>>

ton
tpy——|
DATA IN ; DATA VALID 1
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X2002, X2002!

Store Cycle Limits

X2002-20 X2002-25 X2002
X2002i-20 X20021-25 X20021
Symbol Parameter Min. Max. Min. Max. Min. Max. | Units

tstc Store Cycle Time 10 10 10 ms
tsp® | Store Pulse Width 120 150 200 ns
tnnz | Nonvolatile Enable to Output in High Z 100 100 100 ns
tost | Output Active 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

Note: (2) Once tsp has been satisfied by (NE, OE, WE, CE) the store cycle is completed automatically, while ignoring all inputs.

Store Cycle
-« ts;c——m >
R I e e 747/ /A
\
OF ——— \ 55
-,t— tsoe
WE —M—MFfF———— L / 55
— tys —>1
CE ——
55
B - -_»\' L tosT-»|
oara 10— 1 5§ ~
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X2002, X2002I

Array Recall Cycle Limits

X2002-20 X2002-25 X2002
X20021-20 X20021-25 X20021
Symbol Parameter Min. Max. Min. Max. Min. Max. Units

trce | Array Recall Cycle Time 5.0 5.0 5.0 s
tacr™| Recall Pulse Width to Initiate Recall 120 150 200 ns
tarz Recall to Output in Low Z 0 0 0 ns
tawe | WE Setup Time to NE 0 0 0 ns
trov®| Recall to Data Valid 0.1 49 0.1 4.9 0.1 49 us

Note: (3) The X2002 features internal control of the Recall Cycle time. trcp is the minimum input pulse width required to initiate a
recall. Once initiated the Recall Cycle will have a completion time of tgpy which varies. As tgcp is increased above its
minimum value, the cycle time tgcc remains constant and tgpy is reduced accordingly until reaching its minimum value. If
tree is increased further, tgpy remains constant and the entire cycle time will increase.

Array Recall Cycle

DATA 1/0

ADDRESS
NE ANN

OE
ANNNN

WE

tNLZ— ‘Lq—
DATA

> (3)

|\

UNDEFINED )

K DATA VALID
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X2002, X2002I

PIN DESCRIPTIONS

Addresses (A;—A7)
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 buffers
and is used to initiate read and recall operations. Qutput
Enable LOW disables a store operation regardiess of the
state of CE, WE or NE.

Data In/Data Out (1/0y—-1/07)
Data is written to or read from the X2002 through the /O

pins. The I/O pins are placed in the high impedance 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 X2002 opera-
tion. The X2002 byte-wide NOVRAM uses a 2-line control
architecture to eliminate bus contention in a system envi-
ronment. The /O bus will be in a high impedance 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 X2002.

NONVOLATILE OPERATIONS

With NE LOW, recall and store operations are performed
in the same manner as RAM read and write operations. A
recall operation causes the entire contents of the EZPROM
to be written into the RAM array. The time required for the

operation to complete is 5us 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 10ms or less, typically 5ms.

POWER-UP RECALL

Upon power-up (Vcc), the X2002 performs an automatic
array recall. When V¢ minimum is reached, the recall is

initiated, regardless of the state of CE, OE, WE and NE.

WRITE PROTECTION

The X2002 has four write protect features that are

employed to protect the contents of both the nonvolatile

memory and the RAM.

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

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

® V. Sense—All functions are inhibited when V¢
is < 3y, typically.

® 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.

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide during data
changes, Xicor NOVRAMs are designed 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 corresponding location in the RAM will
be “cycled” during a nonvolatile store. This characteristic
reduces unnecessary 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 array. Reliability data documented in RR504, the
Xicor Reliability Report on Endurance, and additional
reports are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2002 100,000 10,000
X20021 100,000 10,000
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icor

Commercial X2004 .
4K ndustrial X20041 S12x 8 Bit
Nonvolatile Static RAM
FEATURES X2004 is fabricated with the same reliable N-channel float-

e Nonvolatile Data Integrity

e Automatic Store Timing

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

® Enhanced Store Protection

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

e Single 5V Supply

e 100 Year Data Retention

o JEDEC Approved Pinout for Byte-Wide
Memories

o Fast Access Time: 200ns Max.

e Automatic Recall on Power-Up

DESCRIPTION

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

ing gate MOS technology used in all Xicor 5 volt program-
mable nonvolatile memories. The X2004 features the
JEDEC approved pinout for byte-wide memories, compati-
ble with industry standard RAMs, ROMs, EPROMs and
E2PROMs.

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

Xicor NOVRAMs are designed for unlimited write opera-
tions to RAM, either from the host or recalls from
E2PROM, and a minimum 100,000 store operations to the
E2PROM. Data retention is specified to be greater than
100 years.

*NOVRAM is Xicor's nonvolatile static RAM device.

PIN CONFIGURATIONS

A7 NC RE NC Vcc WE NC

100 ¥ O¢

1/01 /02 Vss NC 1/03 1/0a 4Os

PIN NAMES
Ao—-Ag Address Inputs
1O,—1/0; Data Inputs/Outputs
CE Chip Enable
OE Output Enable
WE Write Enable
NE Nonvolatile Enable
Vee +5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM

A sTone

STATIC RAM

7 ARRAY
MEMORY ARRAY 4
7

RECALL

ROW
SELECT

STOR! - | U -

ARRAY
CONTROL
toeic  |RECALL

INPUT 10 CIRCUITS
CONTROL
DATA

[LTLTETITLT

COLUMN SELECT [/

May 1985
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X2004, X2004I

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias X2004
X2004|

.............. -10°C to +85°C
-65°C to +135°C
—65°C to +150°C

Storage Temperature
Voltage on any Pin with

Respectto Ground ......................... -1.0Vto +7V
D.C.QutputCurrent . ...........coiiiiiiniiiiiiinen., 5 mA
Lead Temperature (Soldering,

10 SECONAS) . . v e v ittt 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

X2004 To = 0°C to +70°C, Vo = +5V =5%, unless otherwise specified.
X2004|1 To = —40°C to +85°C, Vo = +5V =10%, unless otherwise specified.

X2004 Limits X2004I Limits
Symbol Parameter Min. Max. Min. Max. Units Test Conditions
lec Ve Current (Active) 100 120 mA CE = V,,
All Other Inputs = V¢
lio = 0 MA
lsg Ve Current (Standby) 55 90 mA All inputs = Vg
lio = 0 mA
Iy Input Leakage Current 10 10 pA Vin = GND to Ve
o Output Leakage Current 10 10 pA Vour = GND to Ve
Vi Input Low Voltage -1.0 0.8 -1.0 0.8 \
Vin Input High Voltage 20 |Vgc +05 20 [Vge +1.0 \)
VoL Output Low Voltage 0.4 0.4 \" lop = 2.1 mA
Vou Output High Voltage 24 24 \ lon = —400 pA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio™ Input/Output Capacitance 10 pF Vio = OV
Cn'" input Capacitance 6 pF Vin = OV
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels | 0 to 3.0 Volts CE |WE | NE | OE Mode /0 Power
Pap"u%_ msei and 10 nsec H X X X | Not Selected Output High Z Star\dby
L H H L | Read RAM Output Data Active
'{}&‘?ﬁg'ﬁ%’g’m 1.5 Volts L | L [H [ x [wie“”RAM |[Input Data High| Active
Output Load 1 c-;r,:rL= (i%tg SFd L L H X | Write “0” RAM .Input Dat.a Low Act'rve
L H L L | Array Recall 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 | No Operation Output High Z | Active
L H L H | No Operation Output High Z | Active

_.
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X2004, X2004I

A.C. CHARACTERISTICS

X2004 T, = 0°C to +70°C, Ve = +5V £5%, unless otherwise specified.
X20041 T, = —40°C to +85°C, Vcc = +5V +10%, unless otherwise specified.

Read Cycle Limits

X2004-20 X2004-25 X2004
X20041-20 X20041-25 X2004!

Symbol Parameter Min. Max. Min. Max. Min. Max. Units
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
tz Chip Enable to Output in Low Z 10 10 10 ns
tuz Chip Disable to Output in High Z 10 100 10 100 10 100 ns
toz 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
ton Output Hold from Address Change 0 0 0 ns

Read Cycle
-~ M -
ADDRESS X X
<———tcE——|
CE — \N J/_—_—‘
<t o —
OE _\N
—_ _Vm
WE —tLz—
—| oy [E— —
DATA 170 —H2 ( DATA VALID
[4___“,,__>
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X2004, X20041

Write Cycle Limits

DATA IN

; DATA VALID

ton
tow—

X2004-20 X2004-25 X2004
X20041-20 X20041-25 X20041
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
twe Write Cycle Time 200 250 300 ns
tow Chip Enable to End of Write Input 200 250 300 ns
tas Address Set-Up Time 0 0 0 ns
twe 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
ton 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 ) @
8 [ AOONNNNN
E SSSSSSERSh LN LS
. t I* 1, > twr—]
WE - \L___/V
N rrrrrrrrr
DATA OUT R
A ton
DATA IN DATA VALID
CE Controlled Write Cycle
ADDRESS X X
OE v,
CANNNMNNN AN LS LS
f—tas: twp wm
wE ~N e
twz tow
DATA OUT SSSSS SSSUTIISSS LIIIILL
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X2004, X2004I

Store Cycle Limits

X2004-20 X2004-25 X2004
X20041-20 X20041-25 X20041
Symbol Parameter Min. Max. Min. Max. Min. Max. Units

tstc Store Cycle 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
tost | Output Active 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

Note: (2) Once tsp has been satisfied by (NE, OE, WE, CE) the store cycle is completed automatically, while ignoring all inputs.

Store Cycle
e e
ﬁ Lc
na———— VI IS i
- J— \ 56
t— tso
WE ———1— / £5
[ty —=]
CE ——
£ C
27
e bz [ togT
I
DATA 1/0 —C >33 —
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X2004, X2004i

Array Recall Cycle Limits

X2004-20 X2004-25 X2004
X20041-20 X20041-25 X20041
Symbol Parameter Min. Max. Min. Max. Min. Max. Units

trec | Array Recall Cycle Time 5.0 5.0 5.0 us
tacp®| Recall Pulse Width to Initiate Recall 120 150 200 ns
taiz Recall to Output in Low Z 0 0 0 ns
tawe | WE Setup Time to NE 0 0 0 ns
taov™®| Recall to Data Valid 0.1 4.9 0.1 49 0.1 49 ws

Note: (3) The X2004 features internal control of the Recall Cycle time. trce is the minimum input pulse width required to initiate a
recall. Once initiated the Recall Cycle will have a completion time of tapy Which varies. As trep is increased above its
minimum value, the cycle time tgcc remains constant and trpy is reduced accordingly until reaching its minimum value. If
trep is increased further, trpy remains constant and the entire cycle time will increase.

Array Recall Cycle

DATA1I/0

)

NONNN

ADDRESS
__ | ——tpcp——
NE
RN N A
OE

»

tNLz—p E—

RDV

3)

UNDEFINED )

) DATA VALID

DATA
K

1-78




X2004, X20041

PIN DESCRIPTIONS

Addresses (Ay—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 buffers
and is used to initiate read and recall operations. Output
Enable LOW disables a store operation regardless of the
state of CE, WE or NE.

Data In/Data Out (1/0,—1/0;)

Data is written to or read from the X2004 through the 1/0
pins. The I/O pins are placed in the high impedance 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 E?PROM.

Nonvolatile Enable (NE)

The Nonvolatile Enable input controls all accesses to the
E?PROM array (store and recall functions).

DEVICE OPERATION

The CE, OE, WE and NE inputs control the X2004 opera-
tion. The X2004 byte-wide NOVRAM uses a 2-line control
architecture to eliminate bus contention in a system envi-
ronment. The I/O bus will be in a high impedance 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 performed
in the same manner as RAM read and write operations. 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 5us 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 10ms or less, typically 5ms.

POWER-UP RECALL

Upon power-up (Vcc), the X2004 performs an automatic
array recall. When Ve minimum is reached, the recall is

initiated, regardless of the state of CE, OE, WE and NE.

WRITE PROTECTION

The X2004 has four write protect features that are
employed to protect the contents of both the nonvolatile
memory and the RAM.

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

Vcc Sense—All functions are inhibited when V¢ is

=< 3y, typically. - .
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.

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide during data
changes, Xicor NOVRAMs are designed 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 corresponding location in the RAM will
be “cycled” during a nonvolatile store. This characteristic
reduces unnecessary 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 array. Reliability data documented in RR504, the
Xicor Reliability Report on Endurance, and additional
reports are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2004 100,000 10,000
X20041 100,000 10,000
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PRELIMINARY

4K Military X2004M 512 x 8 Bit
Nonvolatile Static RAM

FEATURES X2004 is fabricated with the same reliable N-channel float-

o Nonvolatile Data Integrity

o 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

100 Year Data Retention

JEDEC Approved Pinout for Byte-Wide
Memories

® Fast Access Time: 250ns Max.

e Automatic Recall on Power-Up

DESCRIPTION

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

ing gate MOS technology used in all Xicor 5 volt program-
mable nonvolatile memories. The X2004 features the
JEDEC approved pinout for byte-wide memories, compati-
ble with industry standard RAMs, ROMs, EPROMs and
E2PROMSs.

The NOVRAM design allows data to be easily transferred
from RAM to E2PROM (store) and E2PROM to RAM
(recall). With NE LOW, these functions are performed in
the same manner as RAM read and write operations. The
store operation is completed in 10ms or less and the recall
operation is completed in 5ps or less.

Xicor NOVRAMs are designed for unlimited write opera-
tions to RAM, either from the host or recalls from
E2PROM, and a minimum 100,000 store operations to the
E®PROM. Data retention is specified to be greater than
100 years.

*NOVRAM is Xicor's nonvolatile static RAM device.

PIN CONFIGURATIONS

A7 NC NE NC Vcc WE NC

1101 1/02 Vs NC 1/03 1/O4 1/0s

FUNCTIONAL DIAGRAM

NONVOLATILE
E£2PROM

7

=

IR N

[ R — “
A—Lr——
L > S—
L P a—
;—{:

STATIC RAM
MEMORY ARRAY

ROW
SELECT

|

ST
[ARRAY
RECALL

O
CONTROL
Logic

WE

NE

1708
o

ik

oz

O CIRCUITS

oy
vou
wos
vos

[INERRENE]

I

T

COLUMN SELECT_I

vor

PIN NAMES F
Ay-Asg Address Inputs
1/0p—1/0; Data Inputs/Outputs
CE Chip Enable al!
OE Output Enable
WE Write Enable
NE Nonvolatile Enable
Vee +5V
Vss Ground
NC No Connect
May 1985
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X2004M

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature ......................
Voltage on any Pin with
Respect to Ground
D.C. Output Current
Lead Temperature (Solde
10 Seconds)

—65°C to +135°C
—65°C to +150°C

-1.0Vto +7V
5 mA

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under ‘Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Ta = —55°C to +125°C, Ve = +5V £10%, unless otherwise specified.

Limits
Symbol Parameter Min. Max. Units Test Conditions
lec Ve Current (Active) 120 mA CE =V,
All Other Inputs = Vo
lo = 0 mA
Ise Vec Current (Standby) 90 mA All Inputs = Ve
lio = 0 mA
Iy Input Leakage Current 10 wA Vin = GND to Ve
o Output Leakage Current 10 wA Vour = GND to Ve
Vo Input Low Voltage -1.0 0.8 \
Vi Input High Voltage 20 |Vgc +1.0 \'
Vou Output Low Voltage 0.4 \' loo = 2.1 mA
Vou Output High Voltage 2.4 \ lon = —400 pA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cyo'" Input/Output Capacitance 10 pF Vio = OV
Cu" Input Capacitance 6 pF Vin = 0V
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts CE |WE | NE | OE Mode /0 Power
Input Rise and 10 nsec H X X X | Not Selected Output High Z | Standby
Fall Times L |H|H]| L |[ReadRAM Output Data | Active
%&?},;"L‘;v%?;“‘ 1.5 Volts L | L | H | X |wrie“"RAM | input Data High| Active
Output Load 1 é:rL= (3%}? ;llgd L L H X | Write “0” RAM Input Dat.a Low Act?ve
L H L L | Array Recall 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 | No Operation Output High Z | Active
L H L H | No Operation Output High Z | Active
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A.C. CHARACTERISTICS
Ta = —55°C to +125°C, Ve = +5V £10%, unless otherwise specified.

Read Cycle Limits

X2004M-25 X2004M
Symbol Parameter Min. Max. Min. Max. Units
tre Read Cycle Time 250 300 ns
tee Chip Enable Access Time 250 300 ns
taa Address Access Time 250 300 ns
toe Output Enable Access Time 100 150 ns
tz Chip Enable to Output in Low Z 10 10 ns
thz Chip Disable to Output in High Z 10 100 10 100 ns
toz Output Enable to Output in Low Z 10 10 ns
tonz Output Disable to Output in High Z 10 100 10 100 ns
ton Output Hold from Address Change 0 0 ns

Read Cycle

| t, -

ADDRESS D{‘ﬁ : X X

————tcE———
c_E (__——-
N y
—tog—>
OE — T\
N
___ Vm
WE
—tiz—
—| toy |w— —]
HIGH Z
DATA 1/0 r( DATA VALID
l<—-——|“——>
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Write Cycle Limits

DATA IN

ton
tow—
DATA VALID

X2004M-25 X2004M
Symbol Parameter Min. Max. Min. Max. Units
twe Write Cycle Time 250 300 ns
tew Chip Enable to End of Write Input 250 300 ns
tas Address Set-Up Time 0 0 ns
twe Write Pulse Width 150 200 ns
twr Write Recovery Time 0 0 ns
tow Data Valid to End of Write 150 200 ns
ton Data Hold Time 0 0 ns
twz Write Enable to Output in High Z 10 100 10 100 ns
tow Output Active from End of Write 10 10 ns
toz Output Enable to Output in High Z 10 100 10 100 ns
'WE Controlled Write Cycle
ADDRESS ~— X X
= 7777777
8 NSNS V7T A7 7777777
— - tas | 1 twr—t]
" N}
N rrrrrrrrr
DATA OUT S
tow——dnt o
DATA IN DATA VALID
CE Controlled Write Cycle
ADDRESS X j(
OE v,
T8 NONONOONNRNNNY AL S
_ [ tas twe: twe
twz tow
DATA OUT L L 2 2 2 22 2 2222 227
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Store Cycle Limits

X2004M-25 X2004M
Symbol Parameter Min. Max. Min. Max. Units
tstc Store Cycle Time 10 10 ms
tsp®@ | Store Pulse Width 150 200 ns
tnuz | Nonvolatile Enable to Output in High Z 100 100 ns
tosT Output Active from End of Store 10 10 ns
tsoe | OE Disable to STORE Function 20 20 ns
tns NE Setup Time from WE 0 0 ns

Note: (2) Once tsp has been satisfied by (NE, OE, WE, CE) the store cycle is completed automatically, while ignoring all inputs.

Store Cycle

tstc

NE —\ —— A
« — T, \

a

Jy
\T\

4
“

N
T

h
“n

O N - togT |

DATA 1/0 —C IS )

&4

1-85




X2004M

Array Recall Cycle Limits

X2004M-25 X2004M
Symbol Parameter Min. Max. Min. Max. Units
trcc | Array Recall Cycle Time 5.0 5.0 ns
tace®| Recall Pulse Width to Initiate Recall 150 200 ns
tnz Recall to Output in Low Z 0 0 ns
tawe | WE Setup Time to NE 0 0 ns
taov®| Recall to Data Valid 0.1 49 0.1 4.9 us

Note: (3) The X2004 features internal control of the Recall Cycle time. trcp is the minimum input pulse width required to initiate a
recall. Once initiated the Recall Cycle will have a completion time of tgoy Which varies. As trcp is increased above its
minimum vaiue, the cycle time tgcc remains constant and tgpy is reduced accordingly until reaching its minimum value. If
trce is increased further, trpy remains constant and the entire cycle time will increase.

Array Recall Cycle

ADDRESS

e <\ 7

o ANANN

trwe—]
WE
CANNNNNNNN
- thov »{(3)
tniz—|

DATA 1/0 l.lz—l;ATA UNDEFINED )K DATA VALID
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PIN DESCRIPTIONS

Addresses (A,—A;)

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 buffers
and is used to initiate read and recall operations. Output
Enable LOW disables a store operation regardless of the
state of CE, WE or NE.

Data In/Data Out (1/0,—-1/0;)

Data is written to or read from the X2004 through the I/0
pins. The I/O pins are placed in the high impedance 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 opera-
tion. The X2004 byte-wide NOVRAM uses a 2-line control
architecture to eliminate bus contention in a system envi-
ronment. The 1/0 bus will be in a high impedance 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 performed
in the same manner as RAM read and write operations. A
recall operation causes the entire contents of the EEPROM
to be written into the RAM array. The time required for the

operation to complete is 5us 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 10ms or less, typically 5ms.

POWER-UP RECALL

Upon power-up (Vcc), the X2004 performs an automatic
array recall. When Ve minimum is reached, the recall is

initiated, regardless of the state of CE, OE, WE and NE.

WRITE PROTECTION

The X2004 has four write protect features that are
employed to protect the contents of both the nonvolatile
memory and the RAM.

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

Vce Sense—Ali functions are inhibited when V¢ is

< 3y, typically. .
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.

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide during data
changes, Xicor NOVRAMs are designed 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 corresponding location in the RAM will
be “cycled” during a nonvolatile store. This characteristic
reduces unnecessary 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 array. Reliability data documented in RR504, the
Xicor Reliability Report on Endurance, and additional
reports are available from Xicor.

Data Changes
Per Bit

10,000

Part Number
X2004M

Store Cycles
100,000
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. Commercial X2444 .

256 Bit | strial X24441 16 x 16 Bit
Nonvolatile Static RAM
FEATURES DESCRIPTION

® Low Cost 8-Pin Mini-Dip

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

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

o TTL Compatible

® 16 x 16 Organization

o Low Power Dissipation
— Active Current: 15mA Typ.
— Store Current: 8mA Typ.
— Standby Current: 6mA Typ.
— Sleep Current: 5mA Typ.

The Xicor X2444 is a serial 256 bit NOVRAM* featuring a
static RAM configured 16 x 16, overlaid 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 5 volt nonvolatile memories.

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

Xicor NOVRAMs are designed for unlimited write opera-
tions 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.

*NOVRAM is Xicor’s nonvolatile static RAM device.
COPS™ is a trademark of National Semiconductor Corp.

PIN CONFIGURATION

FUNCTIONAL DIAGRAM

\_/ NONVOLATILE
CE 1 8 ] Vee E*PROM STORE
sk[]2 7]_] SToRE RECALL
X2444 -
o[ 3 6| | RECALL Jfow sramic conmmo. |+ FECATL
256-8IT STORE(7)
po[ |4 5[ Jvss [—-
CE(1) ———91
29 "R Secoot oot
4-BIT

PIN NAMES N econe counten

CE Chip Enable

: I —T

SK Serial Clock —

DI Serial Data In

DO Serial Data Out

RECALL Recall

STORE Store

Ve +5V

Vss Ground
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ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias %2444 .............. —10°C to +85°C

24441 ... —65°C to +135°C
Storage Temperature ...................... ~65°C to +150°C
Voltage on any Pin with
Respectto Ground ................... ... -1.0Vto +7V
D.C.Qutput Current ... 5 mA
Lead Temperature (Soldering,
10.8eCONdS) ..o v it e 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

X2444 Tp = 0°C to +70°C, Ve = +5V =5%, unless otherwise specified.
X2444] Ty = —40°C to +85°C, Ve = +5V £10%, unless otherwise specified.

X2444 Limits X2444| Limits
Symbol Parameter Min. Max. Min. Max. Units Conditions
lec Power Supply Current 15 25 mA All Inputs=Vcg,
l,o= 0 mA
lsL Sleep Current 7 10 mA
lsg Standby Current 10 15 mA CE=V,L
lsto Store Current 12 15 mA
I Input Load Current 10 10 pA Vin = Vee
lo Output Leakage Current 10 10 wA Vour = Vee
Vi Input Low Voltage -1.0 0.8 -1.0 0.8 \
Viu Input High Volitage 20 |Vgc +0.5{ 20 |[Vge +1.0 \
VoL Output Low Voltage 0.4 0.4 \ lo = 2.4 mA
Vou Output High Voltage 2.4 2.4 \ lon = —0.8 mA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Co'” Input/Output Capacitance 8 pF Vio = OV
Cpa” Input Capacitance 6 pF Vin = 0V

A.C. CONDITIONS OF TEST

Input Puise Levels 0 to 3.0 Volts
Input Rise and

Fall Times 10 nsec
Input and Output 1.5 Volts

Timing Levels

1 TTL Gate and
C. = 100 pF

Output Load

Note: (1) This parameter is periodically sampled and not 100% tested.
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NONVOLATILE OPERATIONS

Operation 'STORE RECALL INST EvrﬂgEE Previous
LATCH RECALL
Hardware Recall 1 0 NOP® X X
Software Recall 1 1 RCL X X
Hardware Store 0 1 NOP® SET True
Software Store 1 1 STO SET True
Note: (2) NOP designates when the X2444 is not currently executing an instruction.
A.C. CHARACTERISTICS
X2444 Tp = 0°C to +70°C, Ve = +5V +5%, unless otherwise specified.
X24441 Tp = —40°C to +85°C, Ve = +5V =10%, unless otherwise specified.
Read and Write Cycle Limits
Symbol Parameter Min. Max. Units
Fsk SK Frequency 1.0 MHz
tskn SK Positive Pulse Width 0.4 s
tske SK Negative Pulse Width 0.4 s
tos Data Setup Time 0.4 us
ton Data Hold Time 0.08 ps
trp1 SK™X_to Data 0 Valid 375 ns
tep SK_#"to Data Valid 375 ns
tz Chip Enable to Output High Z 1.0 us
tces Chip Enable Setup 0.8 us
tcen Chip Enablie Hold 0.4 ns
tcos Chip De-select 0.8 us

Write Cycle

SK CYCLE #
/X O\
SK

CE bt ton

DS
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Read Cycle

B N e e U e NI e e N

SK
o

CE Viu "H
N —

ot o SO AR S 555 AV/
\2200NT CAREII I 2272

HIGH 2 — HIGH Z
DO oo X Db )q Dn —
J

Array Recall Cycle Limits
Symbol Parameter Min. Max. Units
trec Recall Cycle Time 25 ns
trep Recall Pulse Width® 1.0 us
thez Recall to Output High Z 0.5 ns
Note: (3) Recall rise time must be <10ps.
Recall Cycle
) trec -
- trer »!
RECALL N
—» tpcz |——
E— HIGH Z
DO
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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 ns
Vee Store Inhibit 3 \

Note: (4) Typical values are for T,=25°C and nominal supply voltage.

Hardware Store

e tsp

srowe \ TTTTT7

— tSTZ |
. HIGH 2
o >
I
Figure 1: RAM Read
[/

CE [/ Jy) ) W
SK 1 2 3| |a 5 6| |7 8 9| [of || |2 22| (23] |24

HIGH Z
oo PX P+ X P2 X 25 X] [PisX0us X Bis X Do

*Bit 8 of Read Instructions is Don’t Care
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Figure 2: RAM Write

Figure 3: Non-Data Operations

e/l N

SK 1 2 3 4 5 6 7 8

o /GO0 X XN

TABLE 1: INSTRUCTION SET

Instruction Format, I, I I, Operation
WRDS (Figure 3) 1XXXX000 Reset Write Enable Latch (Disables writes and stores)
STO (Figure 3) 1XXXX001 Store RAM data in EPROM
SLEEP (Figure 3) 1XXXX010 Enter SLEEP Mode
WRITE (Figure 2) 1AAAAQ11 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 Bit
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PIN DESCRIPTIONS

Chip Enable (CE)

The Chip Enable input must be HIGH to enable all
read/write operations. CE LOW resets the instruction reg-
ister and places the X2444 in the standby low power
mode.

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
response to a READ instruction.

STORE

STORE LOW will initiate an internal transfer of data from
RAM to E?PROM.

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 opera-
tion codes. The most significant bit (MSB) of all instruc-
tions is a one, bits 6 through 3 are either RAM address (A)
or don't care (X) and bits 2 through O are the operation
codes. The X2444 requires the instruction 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 condi-
tion 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 instruction sets
the latch and the WRDS instruction resets the latch, disa-
bling 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 exited 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 enabled. 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 “previous 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 E?PROM. 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 functions
are inhibited. Upon completion of the store cycle, the write
enable latch is reset.
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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 remain HIGH
during the entire operation. If CE is brought LOW prema-
turely (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, |, is a
“don’t care” for the read instruction. This provides two
advantages. In a design that ties both DI and DO together,
the absence of an eighth bit in the instruction allows the
host time to convert an I/O 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 four 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):

® Ve Sense—All functions are inhibited when V¢ is
=3y, typically.
e Wirite Inhibit—Holding either RECALL LOW, CE LOW

or STORE HIGH during power-down will prevent an in-
advertent store.

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 reset after power-up and after exiting the sleep
mode. It may be reset only by performing a recall opera-
tion, 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
powered-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).

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide by data
changes, Xicor NOVRAMs are designed to minimize the
number of changes an E?PROM bit cell undergoes during
store operations. Only those bits in the E2PROM that are
different from their corresponding location in RAM will be
“cycled” during a nonvolatile store. This characteristic
reduces unnecessary 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 array. Reliability data documented in RR504, the
Xicor Reliability Report on Endurance, and additional
reports are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2444 100,000 1,000
X2444/10 100,000 10,000




icor

PRELIMINARY

256 Bit  Military X2444M 16 x 16 Bit
Nonvolatile Static RAM

FEATURES DESCRIPTION

® Low Cost 8-Pin Mini-Dip

e Ideal for use with Single Chip
Microcomputers
— Static Timing
— Minimum /O Interface
— Serial Port Compatible (COPS™, 8051)
— Easily Interfaces to Microcontroller Ports
— Minimum Support Circuits

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

e TTL Compatible

16 x 16 Organization

o Low Power Dissipation
— Active Current: 25mA Typ.
— Store Current: 15mA Typ.
— Standby Current: 15mA Typ.
— Sleep Current: 10mA Typ.

The Xicor X2444 is a serial 256 bit NOVRAM* featuring a
static RAM configured 16 x 16, overlaid 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 5 volt nonvolatile memories.

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

Xicor NOVRAMs are designed for unlimited write opera-
tions 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.

*NOVRAM is Xicor’s nonvolatile static RAM device.
COPS™ is a trademark of National Semiconductor Corp.

PIN CONFIGURATION

FUNCTIONAL DIAGRAM

NONVOLATIE
E?PROM

RECALL(6)

ROW STATIC
e RAM
pECoD! 256817 STORE()

CONTROL
LOGIC

INSTRUCTION
REGISTER

COLUMN

@)
DECODE Do)

by

INSTRUCTION 48T
DECODE COUNTER

I

CE E 1 8 3 Vee
sk[]2 7 [ | SToRE
X2444
o[]s Y
DOE 4 5 Vss
CE(l)) ————»{
DI(3)
SK(2)
PIN NAMES
CE Chip Enable
SK Serial Clock
DI Serial Data In
DO Serial Data Out
RECALL Recali
STORE Store
Ve +5V
Vss Ground

|
-
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X2444M

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature
Voltage on any Pin with

Respect to Ground
D.C. Output Current

Lead Temperature (Soldering,

10 Seconds)

D.C. OPERATING CHARACTERISTICS
Ta = —55°C to +125°C, Ve = +5V +10%, unless otherwise specified.

—-65°C to +135°C
—65°C to +150°C

—-1.0Vto +7V
5 mA

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Limits
Symbol Parameter Min. Max. Units Conditions
lco Power Supply Current 25 mA All Inputs=V¢c,
lio= 0 mA
IsL Sleep Current 10 mA
Isg Standby Current 15 mA CE=V,.
lsto Store Current 15 mA
I Input Load Current 10 nA Vin = Ve
lLo Output Leakage Current 10 pA Vout = Vee
' Input Low Voltage -1.0 0.8 \%
Vin Input High Voltage 20 Vee +1.0 \
Vo Output Low Voltage 0.4 \ lo. = 2.0 mA
Vo Output High Voltage 24 \ lon = —0.8 mA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio" Input/Qutput Capacitance 8 pF Vio = OV
cn® Input Capacitance 6 pF Vi = 0V

Timing Levels

Input Pulse Levels 0 to 3.0 Volts
Input Rise and

Fall Times 10 nsec
Input and Output 1.5 Volts

Output Load

1 TTL Gate and
C|_ =100 pF

Note: (1) This parameter is periodically sampled and not 100% tested.

A.C. CONDITIONS OF TEST
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NONVOLATILE OPERATIONS
- I WRITE
Operation STORE RECALL INST ENABLE Previous
LATCH RECALL
Hardware Recall 1 0 NOP® X X
Software Recall 1 1 RCL X X
Hardware Store 0 1 NOP® SET True
Software Store 1 1 STO SET True
Note: (2) NOP designates when the X2444 is not currently executing an instruction.
A.C. CHARACTERISTICS
Ta = —55°C to +125°C, Ve = +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 ns
tsk SK Negative Pulse Width 04 s
tos Data Setup Time 0.4 ns
ton Data Hold Time 0.08 ps
tepy SK ™__to Data 0 Valid 375 ns
tep SK_4A""to Data Valid 375 ns
tz Chip Enable to Output High Z 1.0 ws
tces Chip Enable Setup 0.8 » ns
tcen Chip Enable Hold 0.4 s
tcos Chip De-select 0.8 us
Write Cycle
le——1/Fsg
(tskn tskL
T N[ N\ " /T \
tees — Y teen ﬂj——_'
F 1J
CE J«tos ton
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Read Cycle

sK / \ / \ / \_A,__\_/ \_{f_/ N
A

CE Vin
L] - {
: R R I I I Y IYy Yy
top: | 7' le—t,——»]
Do HIGH Z 50 X o1 (i o j HIGH Z
J
Array Recall Cycle Limits
Symbol Parameter Min. Max. Units
trcc Recall Cycle Time 2.5 s
trep Recall Pulse Width® 1.0 ps
trez Recall to Output High Z 0.5 ns
Note: (3) Recall rise time must be <10ps.
Recall Cycle
-t trce -
- trer »|
RECALL 'N
—»  tgez |
—_— HIGH Z
DO
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Store Cycle Limits

Symbol Parameter Min. Typ.@ Max. Units
tst Store Time 5 10 ms
tste Store Pulse Width 0.2 us
tsrz Store To Output High Z 1.0 s
Vee Store Inhibit 3 Vv

Note: (4) Typical values are for T,=25°C and nominal supply voltage.

Hardware Store

I —

STORE AN LSS

—»  tg1z |E—
HIGH Z
DO VA4
I
Figure 1: RAM Read
[
ce /77 JJ A
SK 1 2 3 4 5 6 7 8 9f [1of |11} |12 22| (23] |24
oI 1 XA XA XaXA)1 i i
1)

HIGH Z
0o XXX

*Bit 8 of Read Instructions is Don’t Care
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Figure 2: RAM Write

CE [/ /

SK 1

Figure 3: Non-Data Operations

CE !Z/

SK 1

or /OO0 O G\

TABLE 1: INSTRUCTION SET

Instruction Format, I, 1, |, 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) 1AAAAQ11 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 Bit
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X2444M

PIN DESCRIPTIONS

Chip Enable (CE)

The Chip Enable input must be HIGH to enable all
read/write operations. CE LOW resets the instruction reg-
ister and places the X2444 in the standby low power
mode.

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
response 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 opera-
tion codes. The most significant bit (MSB) of all instruc-
tions 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 instruction 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 condi-
tion of an instruction before the X2444 will begin any
action.

In addition, the SK clock is tfotally 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 instruction sets
the latch and the WRDS instruction resets the latch, disa-
bling 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 exited 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 enabled. 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 “previous 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 functions
are inhibited. Upon completion of the store cycle, the write
enable latch is reset.
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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 remain HIGH
during the entire operation. If CE is brought LOW prema-
turely (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, |y is a
“don’t care” for the read instruction. This provides two
advantages. In a design that ties both DI and DO together,
the absence of an eighth bit in the instruction allows the
host time to convert an I/O 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 four 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):

® V.c Sense—All functions are inhibited when V¢ is
=3y, typically.

Write Inhibit—Holding either RECALL LOW, CE LOW
or STORE HIGH during power-down will prevent an in-

advertent store.

Power-up Condition

e Write Enable Latch—Upon powerup 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 reset after power-up and after exiting the sleep
mode. It may be reset only by performing a recall opera-
tion, 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
powered-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).

ENDURANCE

The endurance specification of a device is characterized
by the predicted first bit failure to occur in the entire
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 oxide by data
changes, Xicor NOVRAMs are designed 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 corresponding location in RAM will be
“cycled” during a nonvolatile store. This characteristic
reduces unnecessary 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 array. Reliability data documented in RR504, the
Xicor Reliability Report on Endurance, and additional
reports are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2444M 100,000 1,000
X2444M/10 100,000 10,000
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ADVANCED INFORMATION

icor

Commercial
4K Industrial

X2404
X24041

512 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES
® Low Cost
o Internally Organized as Two Pages
— Each 256 x 8
® 2 Wire Serial Interface
® Provides Bidirectional Data Transfer
Protocol
o Eight Byte Page Write Mode
— Minimizes Total Write Time per Byte
e Self Timed Write Cycle
— Typical Write Cycle Time of 5ms
o Data Retention Greater Than 100 Years

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 tech-
nology used in all Xicor 5 volt programmable nonvolatile
memories.

The X2404 features a serial interface and software
protocol allowing operation on a two wire bus.

Xicor E2PROMSs are designed and tested for applications
requiring extended endurance. Refer to Device Operation
for further endurance information. Data retention is speci-
fied to be greater than 100 years.

PIN CONFIGURATION

FUNCTIONAL DIAGRAM

\ J ® Vec
Ao E 1 8 j Vee @ Vvss START CYCLE H.V. GENERATION
TIMING
& CONTROL
A ]2 7 b TEST
(5) SDA
X2404 stanr T
A [ ]s e[ ]scL Lose
O n =
Vss 4 5 SDA
SLAVE ADDRESS xoec) Ea'."x‘%f
6) scL +COMPARATOR
@a, N S
@4 —
M Ay — 1
l s | o |
1 3
pa| YDEC
]
PIN g DATA Douyr
F' | Doyr !
ACK
PIN NAMES
1to 3 A, to A, Address Inputs
4 Vss
5 SDA Serial Data
6 SCL Serial Clock
7 Test Input — to Vgg
8 Vee

May 1985
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X2404, X2404I

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias X2404 .............
X24041

Storage Temperature ......................
Voltage on any Pin with

Respectto Vgg ......ooviiiiii
D.C.Qutput Current ...................co...

Lead Temperature (Soldering,
10Seconds) ....oviiiiii

D.C. OPERATING CHARACTERISTICS

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

...—~1.0Vio +7V
........... 5 mA

*COMMENT

Stresses above those listed under "Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

X2404 T, = 0°C to +70°C, Vg = +5V *£5%, unless otherwise specified.
X24041 T = —40°C to +85°C, Vec = +5V +£10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. | Max. Units Test Conditions
lce Power Supply Current 20 mA
Iss Standby Current 15 mA
Iu Input Leakage Current 0.1 10 RA Vin = GND to Ve
Lo Output Leakage Current 01 10 wA Vour = GND to Ve
p® Test Pin Pull Down Current 16 nA Vin = Vee
Vi Input Low Voltage -1.0 0.8 \"
Vin Input High Voltage 2.0 Ve 105 \%
Voo Output Low Voltage 0.4 \" lo. = 3 mA
Note: (1) Typical values are for T, = 25°C and nominal supply voltage.
(2) Test pin has on chip pull down device which sinks 16pA (typical) to Vgs.
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cuo® Input/Output Capacitance (SDA) 8 pF Vio = OV
Cn® Input Capacitance (Ao, A;, A, SCL) 6 pF Vin =0V

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

Bus Timing

SCL
SDA

tup.oat
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A.C. CHARACTERISTICS

X2404 Tp = 0°C to +70°C, Vec = +5V =5%, unless otherwise specified.
X2404| To = —40°C to +85°C, Ve = +5V £10%, unless otherwise specified.

Read & Write Cycle Limits

Symbol Parameter Min. Typ." | Max. Units Test Conditions
fscL SCL clock frequency 0 100 KHz
T, Noise suppression time 1 s

constant at SCL, SDA inputs
taa SCL low to SDA data out 0.3 1.5 3.5 us
valid
tsur Time the bus must be free 47 s
before a new transmission
can start
tvo.sta | Start condition hoid time 4.0 s
tLow Clock low period 4.7 ws
thigh Clock high period 4.0 us
tsu:sta | Start condition set-up time 4.7 ws
(for a repeated start
condition)
tuo.oar | Data in hold time 0 s
tsu:par | Data in set-up time 250 ns
tr SDA and SCL rise time 1 s
te SDA and SCL fall time 300 ns
tsu:sto | Stop condition set-up time 4.7 s

Note: (1) Typical values are for T,==25°C and nominal supply voltage.

Write Cycle Limits

Symbol Parameter Min. Typ.( Max. Units

twr Write Cycle Time — 5 10 ms
Note: (1) Typical values are for T,=25°C and nominal supply voltage.

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

[ V2

N\

L L

SDA~ X BT \ ACK /'\_/ ]l 7 \ / \
WORD n oy N -
sToP START X2404
CONDITION CONDITION ADDRESS

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-
ANDed with any number of open drain or open collector
outputs.

Address (Ag)

A, is unused by the X2404, however, it must be tied to Vgg
to ensure proper device operation.

Address (A, A,)

The Address inputs are used to set the least significant
two bits of the six bit slave address. The inputs are static,

Figure 1: Data Validity

and should be tied HIGH or LOW, forming one unique
address per device.

DEVICE OPERATION

The X2404 supports a bidirectional bus oriented protocol.
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 provide the clock for
both transmit and receive operations. Therefore, the
X2404 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 indicating start and stop conditions. Refer to Figures 1
and 2.

SDA

SCL

i

DATA STABLE

I
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Figure 2: Definition of Start and Stop

SDA

SCL

START BIT

S\

g

|
i
!
—
|
I

STOP BIT

Start Condition

All commands are preceded by the start condition, which
is a HIGH to LOW transition of SDA when SCL is HIGH.
The X2404 continuously monitors the SDA and SCL lines
for the start condition and will not respond to any com-
mand 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, 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.

The X2404 will always respond with an acknowledge after
recognition of a start condition and its slave address. If
both the device and a write operation have been selected,
the X2404 will respond with an acknowledge after the
receipt of each subsequent eight bit word.

SCL FROM
MASTER

| W AP W A WY AP

DATA

————p————

OUTPUT

-
L

FROM
TRANSMITTER

—-—— ’4 e ———— i —-—

DATA

a
——— e -

L

RECEIVER

START

Nt
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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 acknowl-
edge. 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 transmissions 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 significant
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 PAGE
IDENTIFIER SELECT
———— ——
T 1 T T LI
I1 0 1 0 A2A1AOR/W|
1 1 1 | il 1 1
N, v—
DEVICE
ADDRESS

The next two significant bits address a particular device. A
system could have up to four X2404 devices on the bus
(see Figure 10). The four addresses are defined by the
state of the A, 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 se-
lected; when set to zero a write operation is selected.

Following the start condition, the X2404 monitors the SDA
bus comparing the slave address being transmitted with its
address (device type and state of A;, and A, inputs). Upon
acompare the X2404 outputs an acknowledge 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, com-
prised 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 nonvolatile memory. While the internal
write cycle is in progress 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 transfer sequence.

Page Write

The X2404 is capable of an eight byte page write opera-
tion. 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 address
bits are internally incremented by one. The high order five
bits of the address remain constant. !f the master should
transmit more than eight words prior to generating the stop
condition, the address counter will “roll over” and the pre-
viously 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.
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Figure 5: Byte Write

S
T S
BUS ACTIVITY: A SLAVE WORD T
MASTER R ADDRESS ADDRESS DATA [o]
T P
SDA LINE T T T T T J L L L B I F]_‘
11 1 F I T Y O T B N I
BUS ACTIVITY: A A A
X2404 (o] C Cc
K K K
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+7 g
T
VT 7T T T T T T T T TTTT
soawme [ 11, [ B [ |1
I AR BN [ R R | [ R R K
A A A A A
BUS ACTIVITY: c c [} (o} c
X2404 K K K K K

Acknowledge Polling

The disabling of the inputs can be used to take advantage
of the typical 5ms write cycle time. The bus master can
continually transmit the slave address and no acknowl-
edge will be returned if the X2404 is internally writing to the
E2PROM array. As soon as the internal cycle is complete
the X2404 will respond to its slave address.

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 opera-
tions: 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 operation would
access data from address n+1. Upon receipt of the slave
address with R/W set to one, the X2404 issues an ac-
knowledge and transmits the eight bit word. The master
does not acknowledge the transfer but does generate a
stop condition and the X2404 discontinues transmission.
Refer to Figure 7 for the sequence of address, acknowl-
edge 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 issuing the
slave address with the R/W bit set to one, the master must
first perform a “dummy” write operation. The master is-
sues the start condition, and the slave address followed by
the word address it is to read. After the word address
acknowledge, the master immediately 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 condi-
tion and the X2404 discontinues transmission. Refer to
Figure 8 for the address, 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 trans-
mitted as with the other read modes, however, the master
now responds with an acknowledge, indicating it requires
additional data. The X2404 continues to output data for

Figure 8: Random Read

each acknowledge received. The read operation is ter-
minated by the master not responding with an acknowl-
edge and generating a stop condition.

The data output is sequential, with the data from address n
followed by the data from n+1. The address counter for
read operations increments all eight address 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 ad-
dress, acknowledge and data transfer sequence.

ENDURANCE

Xicor E2PROMs are designed and tested for applications
requiring extended endurance. The process average for
endurance of Xicor E2PROMs is approximately 1/2 million
cycles, as documented in RR504, the Xicor Reliability Re-
port on Endurance. Included in that report is a method for
determining the expected endurance of the device based
upon the specific application environment. RR504 and ad-
ditional reliability reports are available from Xicor.
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Figure 9: Sequential Read
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FACT SHEET

4K  Military

X2404M 512 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES

® Low Cost

e Internally Organized as Two Pages
— Each 256 x 8

® 2 Wire Serial Interface

® Provides Bidirectional Data Transfer
Protocol

e Eight Byte Page Write Mode

— Minimizes Total Write Time per Byte

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

o Data Retention Greater Than 100 Years

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 tech-
nology used in all Xicor 5 volt programmable nonvolatile
memories.

The X2404 features a serial interface and software
protocol allowing operation on a two wire bus.

Xicor E2PROMs are designed and tested for applications
requiring extended endurance. Refer to Device Operation
for further endurance information. Data retention is speci-
fied to be greater than 100 years.

PIN CONFIGURATION

A ~/ 8 | Vee

A, [: 2 :]TEST
X2404
A, |: 3 6] ]sct

~

vss[_|4 5| ] soa
PIN NAMES

1t03 Aq to A, Address Inputs

4 VSS

5 SDA Serial Data

6 SCL Serial Clock

7 Test Input — to Vgg

8 Vee

(8) Vec

{4) Vss

(5) SDA

FUNCTIONAL DIAGRAM
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ABSOLUTE

Temperature Under Bias
Storage Temperature

MAXIMUM RATINGS*

Voltage on any Pin with

Respect to Vg
D.C. Qutput Current

Lead Temperature (Soldering,

10 Seconds)

D.C. OPERATING CHARACTERISTICS

—65°C to +135°C
—65°C to +150°C

*COMMENT

Stresses above those listed under "Absolute Maximum Ratings”
may cause permanent damage to the device. This is a stress rating
only and the functional operation of the device at these or any

Ta = —55°C to +125°C, Ve = +5V £10%, unless otherwide specified.

.. —1.0Vio +7V other conditions above those indicated in the operational sections
............ 5 mA of this specification is not implied. Exposure to absolute maximum
300°C rating conditions for extended periods may affect device reliability.

Limits
Symbol Parameter Min. Typ.V | Max. Units Test Conditions
locc Power Supply Current 20 mA
lss Standby Current 15 mA
I input Leakage Current 0.1 10 A Vin = GND to Ve
Lo Output Leakage Current 0.1 10 pA Vour = GND to Ve
@ Test Pin Pull Down Current 16 RA Vin = Veo
Vi Input Low Voltage -1.0 0.8 \Y%
Vin Input High Voltage 2.0 Vee +1.0 Vv
Voo Output Low Voltage 0.4 \ lo. = 3mA
Note: (1) Typical values are for Ty = 25°C and nominal supply voltage.
(2) Test pin has on chip pull down device which sinks 16p.A (typical) to Vgs.
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cyo® Input/Qutput Capacitance (SDA) 8 pF Vyo = 0V
Ccn® Input Capacitance (Ao, A;, A, SCL) 6 pF Vin = 0V
Note: (3) This parameter is periodically sampled and not 100% tested.
Bus Timing
<tuicH -
""'Low_‘q
\
SCL =
tho.oat ld——"su:m'r tsusto -—
SDA |«—{tuo:sTA -
/ N _
' <—tayr
tan
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A.C. CHARACTERISTICS

Read & Write Cycle Limits
Ta = —55°C to +125°C, Ve = +5V =10% unless otherwise specified.

Symbol Parameter Min. Typ.(" | Max. Units Test Conditions
fscL SCL clock frequency 0 100 KHz
T, Noise suppression time 1 ws

constant at SCL, SDA inputs
taa SCL low to SDA data out 0.3 1.5 3.5 us
valid
teur Time the bus must be free 4.7 [TE:]
before a new transmission
can start
tvosta | Start condition hold time 4.0 s
tLow Clock low period 47 s
thigH Clock high period 4.0 s
tsu.sta | Start condition set-up time 4.7 ns
(for a repeated start
condition)
tho.par | Data in hold time 0 s
tsupar | Data in set-up time 250 ns
tr SDA and SCL rise time 1 ns
te SDA and SCL fall time 300 ns
tsu:sto | Stop condition set-up time 4.7 ws

Note: (1) Typical values are for T, = 25°C and nominal supply voltage.

Write Cycle Limits

Symbol Parameter Min. Typ.V Max. Units

twr Write Cycle Time — 5 10 ms
Note: (1) Typical values are for T, = 25°C and nominal supply voltage.

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

WORD n

sDA~ ~ ~ ~ "X emBiT \ ACK /'\_/

T

i of 4
/e e -
- twa >
sTOP START X2404
CONDITION CONDITION ADDRESS

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-
ANDed with any number of open drain or open collector
outputs.

Address (Ag)

Ao is unused by the X2404, however, it must be tied to Vg
to insure proper device operation.

Address (A4, A,)

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, forming one unique
address per device.

Figure 1: Data Validity

DEVICE OPERATION

The X2404 supports a bidirectional bus oriented protocol.
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 provide the clock for
both transmit and receive operations. Therefore, the
X2404 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 indicating start and stop conditions. Refer to Figures 1
and 2.

SDA

L-

SCL

DATA STABLE

DATA '
CHANGE
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Figure 2: Definition of Start and Stop

START BIT

STOP BIT

Start Condition

All commands are preceded by the start condition, which
is a HIGH to LOW transition of SDA when SCL is HIGH.
The X2404 continuously monitors the SDA and SCL lines
for the start condition and will not respond to any com-
mand 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, 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.

The X2404 will always respond with an acknowledge after
recognition of a start condition and its slave address. If
both the device and a write operation have been selected,
the X2404 will respond with an acknowledge after the
receipt of each subsequent eight bit word.

SCL FROM
MASTER

DATA
OUTPUT
FROM

g

TRANSMITTER

\_/

DATA

——-—N -

RECEIVER

START

g

ACKNOWLEDGE
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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 acknowl-
edge. 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 transmissions 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 significant
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 PAGE
IDENTIFIER SELECT
e epree— e

1 T T I T T T

1 0 1 0 A2 A1 A0 RW

1 1 1 1 1 1 1
m— —
DEVICE
ADDRESS

The next two significant bits address a particular device. A
system could have up to four X2404 devices on the bus
(see Figure 10). The four addresses are defined by the
state of the A, 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 se-
lected; when set to zero a write operation is selected.

Following the start condition, the X2404 monitors the SDA
bus comparing the slave address being transmitted with its
address (device type and state of A,, and A, inputs). Upon
a compare the X2404 outputs an acknowledge 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, com-
prised 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 nonvolatile memory. While the internal
write cycle is in progress 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 transfer sequence.

Page Write

The X2404 is capable of an eight byte page write opera-
tion. 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 address
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 pre-
viously 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.
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Figure 5: Byte Write
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Figure 6: Page Write
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Acknowledge Polling

The disabling of the inputs can be used to take advantage
of the typical 5ms write cycle time. The bus master can
continually transmit the slave address and no acknowl-
edge will be returned if the X2404 is internally writing to the
E?PROM array. As soon as the internal cycle is complete
the X2404 will respond to its slave address.

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 opera-
tions: 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 operation would
access data from address n+1. Upon receipt of the slave
address with R/W set to one, the X2404 issues an ac-
knowledge and transmits the eight bit word. The master
does not acknowledge the transfer but does generate a
stop condition and the X2404 discontinues transmission.
Refer to Figure 7 for the sequence of address, acknowl-
edge 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 issuing the
slave address with the R/W bit set to one, the master must
first perform a “dummy” write operation. The master is-
sues the start condition, and the slave address followed by
the word address it is to read. After the word address
acknowledge, the master immediately 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 condi-
tion and the X2404 discontinues transmission. Refer to
Figure 8 for the address, 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 trans-
mitted as with the other read modes, however, the master
now responds with an acknowledge, indicating it requires
additional data. The X2404 continues to output data for

Figure 8: Random Read

each acknowledge received. The read operation is ter
minated by the master not responding with an acknowl-
edge and generating a stop condition.

The data output is sequential, with the data from address n
followed by the data from n+1. The address counter for
read operations increments all eight address 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 ad-
dress, acknowledge and data transfer sequence.

ENDURANCE

Xicor E2PROMs are designed and tested for applications
requiring extended endurance. The Process average for
endurance of Xicor EPROMs is approximately 1/2 miilion
cycles, as documented in RR504, the Xicor Reliability Re-
port on Endurance. Included in that report is a method for
determining the expected endurance of the device based
upon the specific application environment. RR504 and ad-
ditional reliability reports are available from Xicor.
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Figure 9: Sequential Read

S
BUS ACTIVITY: SLAVE A A A T
MASTER ADDRESS C C (o} (o}
PU— K K K A\ P
‘—1—l1|||lll‘l—lllfl||||I|’lll‘|l‘ljll—ll_‘:)lllli1lIIJI:I
SDA LINE | U N O TR N B | [N T (¢ S U WS U |
A — e’
BUS ACTIVITY: o} DATA N DATA n+1 DATAn+2 DATA n+x
X2404
Figure 10: Typical System Configuration
Vee
SDA
ScL —¢ ) ¢ : g
1 [ I 1 1
MASTER SLAVE SLAVE MASTER MASTER
TRANSMITTER/ RECEIVER TRANSMITTER/ TRANSMITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER

2-35




NOTES

2-36



FACT SHEET

iLor

4K X24C04

512 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES
® Low Cost
® Low Power CMOS
— 2mA Active Current
— 50p.A Standby Current
o Internally Organized as Two Pages
— Each 256 x 8
® 2 Wire Serial interface
® Provides Bidirectional Data Transfer
Protocol
e Eight Byte Page Write Mode
— Minimizes Total Write Time per Byte
o Self Timed Write Cycle
— Typical Write Cycle Time of 5ms
o Data Retention Greater Than 100 Years

DESCRIPTION
The X24C04 is a CMOS 4096 bit serial E2PROM, inter-
nally organized as two 256 x 8 pages. The X24C04
features a serial interface and software protocol allowing
operation on a two wire bus.

Xicor E2PROMs are designed and tested for applications
requiring extended endurance. Data retention is specified
to be greater than 100 years.

PIN CONFIGURATION

FUNCTIONAL DIAGRAM

START CYCLE

H.V. GENERATION

CONTROL

LOGIC

& CONTROL.

PIN

\ J 8 Vec
A, 1 8 :] Vec () Vs
A []2 7] Test J
5] DA
X24C04 @ i S
A []s 6] ]sct tocre
v, 4 5 SDA
ss E j »—_’ SLAVE ADDRESS
) SscL “‘REGISTERJ"
LOAD
1
ma —f—— ADDRESS
COUNTER
RW
| | Dour }
P ACK
PIN NAMES
1t03 A, to A, Address Inputs
4 Vss
5 SDA Serial Data
6 SCL Serial Clock
7 Test Input — to Vgg
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ABSOLUTE MAXIMUM RATINGS* *COMMENT
Temperature Under Bias .................... -10°C to +85°C Stresses above those listed under “Absolute Maximum Ratings”
Storage Temperature ...................... —-65°C to +150°C may cause permanent damage to the device. This is a stress rating
Voltage on any Pin with only and the functional operation of the device at these or any
Respectto Vgg ...oovvveninn i -1.0Vto +7V other conditions above those indicated in the operational sections
D.C.QutputCurrent .. ...t 5 mA of this specification is not implied. Exposure to absolute maximum
Lead Temperature (Soldering, rating conditions for extended periods may affect device reliability.
108CONAS) .. ovvt it e 300°C
Bus Timing
SCL
thopar -
SDA X
. _- 1 N
tan
A.C. CHARACTERISTICS LIMITS
Symbol Parameter Min. Typ.(" | Max. Units Test Conditions
fscL SCL clock frequency 0 100 KHz
T Noise suppression time 1 ws
constant at SCL, SDA inputs
taa SCL low to SDA data out 0.3 1.5 3.5 ws
valid
teur Time the bus must be free 4.7 s
before a new transmission
can start
tuo-sta | Start condition hold time 4.0 s
tLow Clock low period 47 ws
thicH Clock hlgh period 4.0 ws
tsu:sta | Start condition set-up time 47 s
(for a repeated start
condition)
tuo.par | Pata in hold time 0 s
tsupar | Data in set-up time 250 ns
tr SDA and SCL rise time 1 ws
te SDA and SCL fall time 300 ns
tsusto | Stop condition set-up time 47 ws

Note: (1) Typical values are for T, = 25°C and nominal supply voltage (5v).
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Write Cycle Limits

Symbol Parameter

Min. Typ.™" Max. Units

twr Write Cycle Time

10

ms

Note: (1) Typical values are for T, = 25°C and nominal supply voltage (5v).

The write cycle time is the time from a valid stop condition
of a write sequence to the end of the internal erase/
program 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

WORD n

/a2

spbA ~ "X stheir \ ACK /'\_}’

N/

L L
\
] u _/ N\
o 'WH -
sToP START X24C04
CONDITION CONDITION ADDRESS

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-
ANDed with any number of open drain or open collector
outputs.

Address (A,)

Ao is unused by the X24C04, however, it must be tied to
Vgs to insure proper device operation.

Address (A, Ay)

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, forming one unique
address per device.

DEVICE OPERATION

The X24C04 supports a bidirectional bus oriented
protocol. 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 controlied is the slave. The master
will always initiate data transfers, and provide the clock for
both transmit and receive operations. Therefore, the
X24C04 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 indicating start and stop conditions. Refer to Figures 1
and 2.

Start Condition

All commands are preceded by the start condition, which
is a HIGH to LOW transition of SDA when SCL is HIGH.
The X24C04 continuously monitors the SDA and SCL
lines for the start condition and will not respond to any
command until this condition has been met.
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Figure 1: Data Validity

DATA STABLE

Figure 2: Definition of Start and Stop

START BIT

STOP BIT

Stop Condition

All communications are terminated by a stop condition,
which is a LOW to HIGH transition of SDA when SCL is
HIGH. The stop condition is also used by the X24C04 to
place the device in the standby power mode.

Acknowledge

Acknowledge is a software convention used to indicate
successful data transfers. 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.

The X24C04 will always 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 con-
tinue to transmit data. If an acknowledge is not detected,
the X24C04 will terminate further data transmissions and
await the stop condition to return to the standby power
mode.
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Figure 3: Acknowledge Response From Receiver
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DEVICE ADDRESSING The iast bit of the slave address defines the operation to

Following a start condition the bus master must output the
address of the slave it is accessing. The most significant
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
IDENTIFIER
————
1 T 1 T T 1 T
1 0 1 0 A2 A1 A0 RW
1 1 1 1 1 A 1

N—— ot
DEVICE
ADDRESS

PAGE
SELECT

—_—

The next two significant bits address a particular device. A
system could have up to four X24C04 devices on the bus
(see Figure 10). The four addresses are defined by the
state of the A, 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.

be performed. When set to one a read operation is se-
lected, when set to zero a write operation is selected.

Following the start condition, the X24C04 monitors the
SDA bus comparing the slave address being transmitted
with its address (device type and state of A, and A; in-
puts). Upon a compare the X24C04 outputs an acknowl-
edge 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 ad-
dress field. This address field is the word address, com-
prised 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 acknowl-
edge. The master then terminates the transfer by generat-
ing a stop condition, at which time the X24C04 begins the
internal write cycle to the nonvolatile memory. While the
internal write cycle is in progress the X24C04 inputs are
disabled, and the device will not respond to any requests
from the master. Refer to Figure 5 for the address, ac-
knowledge and data transfer sequence.
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Figure 5: Byte Write
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Page Write the E?PROM array. As soon as the internal cycle is com-
The X24C04 is capable of an eight byte page write opera- plete the X24C04 will respond to its slave address.
tion. It is initiated in the same manner as the byte write Read Operations
opergtion, but instgad of terminating the write cycle aftgr Read operations are initiated in the same manner as write
the:'rSt data word is trgnsj;;redt,hthe ma_stter fcan t;ansn:jlt operations with the exception that the bit of the slave ad-
:lhp ;zsfgg: rqﬁre wor j 'ther © ‘r(eceul) d° €acn Word,  gress is set to a one. There are three basic read opera-
e will respond with an acknowledge. tions: current address read, random read and sequential
After the receipt of each word, the three low order address read.
bits are internally incremented by one. The high order five Current Address Read
bits of the address remain constant. If the master should | v the X24C .
transmit more than eight words prior to generating the stop nternally the o 04 C?”La'nf an adgress cour;te_r that
condition, the address counter will “roll over” and the pre- mainiains the address o t, e last wor accegse » Incre-
viously written data will be overwritten. As with the byte mentfed by one. Therefore, if the last access (eitljer aread
write operation, all inputs are disabled until completion of " wnte)dwtasfto adci’rjss n. th‘i "SXt read opiratmt:l would
the internal write cycle. Refer to Figure 6 for the address, ~ 20CSS data from address n-+1. Upon receipt of the slave
acknowledge and data transfer sequence. address with R/W set to one, the X24C04 issues an ac-
knowledge and transmits the eight bit word. The master
Acknowledge Polling does not acknowledge the transfer but does generate a
The disabling of the inputs can be used to take advantage stop condition and the X24C04 discontinues transmission.
of the typical 5ms write cycle time. The bus master can  Refer to Figure 7 for the sequence of address, acknowl-
continually transmit the slave address and no acknowl- ~ edge and data transfer.
edge will be returned if the X24C04 is internally writing to
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 g
LR T T T T T LD S B N S B | 1T I ! |
SDALINE E_I_HIIIL II_LIIIJ'_IillLLAIll L1 1 1 1 m‘J..$|E‘I
BUS ACTIVITY: 2 é é é 2
X24C04 K K K K K
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Figure 7: Current Address Read

BUS ACTIVITY:
X24C04

s
T s
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS o
L e — P

L T T
SDA LINE I:Hl“ | || IEJ

~—— e
DATA

xO>»

Random Read

Random read operations allow the master to access any
memory location in a random manner. Prior to issuing the
slave address with the R/W bit set to one, the master must
first perform a “dummy” write operation. The master is-
sues the start condition, and the slave address followed by
the word address it is to read. After the word address
acknowledge, the master immediately 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 master does
not acknowledge the transfer but does generate a stop
condition and the X24C04 discontinues transmission.
Refer to Figure 8 for the address, 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 trans-
mitted as with the other read modes, however, the master

Figure 8: Random Read

now responds with an acknowledge, indicating it requires
additional data. The X24C04 continues to output data for
each acknowledge received. The read operation is ter
minated by the master not responding with an acknowl-
edge and generating a stop condition.

The data output is sequential, with the data from address n
followed by the data from n+1. The address counter for
read operations increments all eight address 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 X24C04
continues to output data from the same 256 word page for
each acknowledge received. Refer to Figure 9 for the ad-
dress, acknowledge and data transfer sequence.

S S

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

T T P
SDA LINE S P

BUS ACTIVITY:
X24C04 K

le lllilfl]m_r‘ T LI B B N B B |
11|1 Ll Illllllllllllll_]
A A
c Cc

N———— e’

A
[o]
K K DATA n
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Figure 9: Sequential Read
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Figure 10: Typical System Configuration
Vee
SDA
Nl | 1 R )
MASTER SLAVE SLAVE MASTER MASTER
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RECEIVER RECEIVER RECEIVER RECEIVER
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FACT SHEET
16K X24C16 2048 x 8 Bit
Electrically Erasable PROM

TYPICAL FEATURES DESCRIPTION

® Low Cost The X24C16 is a CMOS 16,384 bit serial E2PROM, inter-

¢ Low Power CMOS nally organized as eight 256 x 8 pages. The X24C16
— 2mA Active Current features a serial interface and software protocol allowing
— 501.A Standby Current operation on a two wire bus.

¢ Internally Organized as Eight Pages Xicor EBPROMs are designed and tested for applications
— Each 256 x 8 requiring extended endurance. Data retention is specified

® 2 Wire Serial Interface to be greater than 100 years.

® Provides Bidirectional Data Transfer
Protocol

e Eight Byte Page Write Mode

— Minimizes Total Write Time per Byte
o Self Timed Write Cycle

— Typical Write Cycle Time of 5ms
o Data Retention Greater Than 100 Years

PIN CONFIGURATION FUNCTIONAL DIAGRAM
\J ® Veo
A, [.—_- 1 8 : Vee @) Ves — START CYCLE H.V. GENERATION
TIMING
& CONTROL
A 2 7 TEST
.0 N e I
X24C16 Stanr
A ] s| ] scL Loee
e
ves |4 s| | soa
— SLAVE ADDRESS _ . xoec |} Ea:s:?:
6) scL REGISTER
@8y ————
2 A —t——e
) Ag ————
C— o [ “
1 3
b YbEC
8
cK D,
L) DATA REGISTER >

Oour
ACK

AL

PIN NAMES

1t03 A, to A, Address Inputs
4 Vss

5 SDA Serial Data

6 SCL Serial Clock

7 Test Input — to Vgg

8 Vee
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X24C16

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias .................... -10°C to +85°C Stresses above those listed under “Absolute Maximum Ratings”
Storage Temperature ...................... —65°C to +150°C may cause permanent damage to the device. This is a stress rating
Voitage on any Pin with only and the functional operation of the device at these or any
Respectto Vgg ... -1.0Vto +7V other conditions above those indicated in the operational sections
D.C.Output Current .........oovvieiiiiin e 5 mA of this specification is not implied. Exposure to absolute maximum
Lead Temperature (Soldering, rating conditions for extended periods may affect device reliability.
10SeCoNdS) ..ot 300°C
Bus Timing
th
<—tLow
\
\
SCL >
o] tsupar tsusto -—
SDA -
- —tayr
taa
A.C. CHARACTERISTICS LIMITS
Symbol Parameter Min. Typ. Y | Max. Units Test Conditions
fscL SCL clock frequency 0 100 KHz
T Noise suppression time ws
constant at SCL, SDA inputs
tan SCL low to SDA data out 0.3 35 us
valid
teur Time the bus must be free 47 s
before a new transmission
can start
tiosta | Start condition hold time 4.0 ws
tLow Clock low period 47 ns
tiigH Clock high period 4.0 ws
tsusta | Start condition set-up time 47 ws
(for a repeated start
condition)
tvo.oar | Data in hold time 0 s
tsupar | Data in set-up time 250 ns
ta SDA and SCL rise time 1 s
te SDA and SCL fall time 300 ns
tsusto | Stop condition set-up time 4.7 s

Note: (1) Typical values are for T, = 25°C and nominal supply voltage (5v).
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Write Cycle Limits

Symbol Parameter

Min. Typ." Max. Units

twr Write Cycle Time

10 ms

Note: (1) Typical values are for T, = 25°C and nominal supply voltage (5v).

The write cycle time is the time from a valid stop condition
of a write sequence to the end of the internal erase/
program 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

WORD n

LD (AN YAY

Y/aWa

N/

-

7\ \__.

1 »

STOP
CONDITION

WR

X24C16
ADDRESS

START
CONDITION

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-
ANDed with any number of open drain or open collector
outputs.

Address (A, A4, A))
The Ao, A; and A, inputs are unused by the X24C16,

however, they must be tied to Vgs to insure proper device
operation.

DEVICE OPERATION

The X24C16 supports a bidirectional bus oriented
protocol. 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 provide the clock for
both transmit and receive operations. Therefore, the
X24C16 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 indicating start and stop conditions. Refer to Figures 1
and 2.

Start Condition

All commands are preceded by the start condition, which
is a HIGH to LOW transition of SDA when SCL is HIGH.
The X24C16 continuously monitors the SDA and SCL
lines for the start condition and will not respond to any
command unti! this condition has been met.
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Figure 1: Data Validity
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Figure 2: Definition of Start and Stop

START BIT

STOP BIT

Stop Condition

All communications are terminated by a stop condition,
which is a LOW to HIGH transition of SDA when SCL is
HIGH. The stop condition is also used by the X24C16 to
place the device in the standby power mode.

Acknowledge

Acknowledge is a software convention used to indicate
successful data transfers. 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.

The X24C16 will always 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 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 con-
tinue to transmit data. If an acknowledge is not detected,
the X24C16 will terminate further data transmissions and
await the stop condition to return to the standby power
mode.
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Figure 3: Acknowledge Response From Receiver
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START ACKNOWLEDGE
DEVICE ADDRESSING The last bit of the slave address defines the operation to

Following a start condition the bus master must output the
address of the slave it is accessing. The most significant
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
—— e

LERS S B B T
[1 0 1 0 A2 A1 A0
_ L

~——
PAGE
ADDRESS

—
R
1

7

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 word pages of memory are to be
accessed. It should be noted, the protocol limits the size of
memory to eight pages of 256 words; therefore, the
protocol can support only one X24C16 per system.

be performed. When set to one a read operation is se-
lected, when set to zero a write operation is selected.

Following the start condition, the X24C16 monitors the
SDA bus comparing the slave address being transmitted
with its slave address. Upon a compare the X24C16 out-
puts 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 ad-
dress field. This address field is the word address, com-
prised 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 condition, at which time the
X24C16 begins the internal write cycle to the nonvolatile
memory. While the internal write cycle is in progress the
X24C16 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 transfer sequence.
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Figure 5: Byte Write
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Page Write

The X24C16 is capable of an eight byte page write opera-
tion. 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 X24C16 will respond with an acknowledge.

After the receipt of each word, the three low order address
bits are internally incremented by one. The high order five
bits of the word 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 overwritten. As with the
byte write operation, all inputs are disabled until comple-
tion 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 advantage
of the typical 5ms write cycle time. The bus master can
continually transmit the slave address and no acknowl-
edge will be returned if the X24C16 is internally writing to

Figure 6: Page Write

the E2PROM array. As soon as the internal cycle is com-
plete the X24C16 will respond to its slave address.

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 opera-
tions: current address read, random read and sequential
read.

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 operation would
access data from address n+1. Upon receipt of the slave
address with R/W set to one, the X24C16 issues an ac-
knowledge and transmits the eight bit word. The master
will not acknowledge the transfer but does generate a stop
condition and the X24C16 discontinues transmission.
Refer to Figure 7 for the sequence of address, acknowl-
edge and data transfer.

S
T S
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS WORD ADDRESS (n) DATA N DATA n +1 DATA n+7 g
T
T L L T T T T T 17 LA S A R
SDA LINE |:| I | | l I l | l ]( H )
I | [N R | TR A N A R | 1
§ A A A A A
BUS ACTIVITY: c c c Cc Cc
X24C16 K K X K
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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 issuing the
slave address with the R/W bit set to one, the master must
first perform a “dummy” write operation. The master is-
sues the start condition, and the slave address followed by
the word address it is to read. After the word address
acknowledge, the master immediately 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 master will not
acknowledge the transfer but does generate the stop con-
dition and the X24C16 discontinues transmission. Refer to
Figure 8 for the address, 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 trans-
mitted as with the other read modes, however, the master

Figure 8: Random Read

now responds with an acknowledge, indicating it requires
additional data. The X24C16 continues to output data for
each acknowledge received. The read operation is ter
minated by the master not responding with an acknowl-
edge and generating a stop condition.

The data output is sequential, with the data from address n
followed by the data from n+1. The address counter for
read operations increments all eight word address 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
X24C16 continues to output data from the same 256 word
page for each acknowledge received. Refer to Figure 9 for
the address, acknowledge and data transfer sequence.

X24C16

s s
T T S
BUS ACTIVITY: A SLAVE WORD A SLAVE T
MASTER R ADDRESS ADDRESS n R ADDRESS o}
T T P
soawme [ [LC] LT BT LT
A A [ S ——
BUS ACTIVITY: c c ¢ DATA n
K K K
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Figure 9: Sequential Read
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Figure 10: Typical System Configuration
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Commercial X2804A .
K Industrial X2804Al 512 x 8 Bit

Electrically Erasable PROM

FEATURES DESCRIPTION

e Simple Byte Write Operation The Xicor X2804A is a 512 x 8 E?PROM, fabricated with
— No High Voltages Necessary the same reliable N-channel floating gate MOS technology
— Single TTL Level WE Signal Modifies Data used in all Xicor 5 volt programmable nonvolatile
— Internally Latched Addresses and Data memories. The X2804A features the JEDEC approved
— Self Timed Write pinout for byte-wide memories, compatible with industry
— Noise Protected WE Pin standard RAMs, ROMs and EPROMs.

e JEDEC Approved Pinout for Byte-Wide Xicor E2PROMSs are designed and tested for applications
Memcries requiring extended endurance. Refer to Device Operation

e Reliable N-Channel Floating Gate MOS for further endurance information. Data retention is speci-
Technology fied to be greater than 100 years.

e Single 5 Volit Supply

o Byte Write Time: 10ms Max.

e Fast Access Time: 250ns Max.

o Low Power Dissipation

— Active Current: 80mA Max.
— Standby Current: 50mA Max.

PIN CONFIGURATION FUNCTIONAL DIAGRAM

—\—
A 24 [] Veo
A [ ]2 237 A X
A []3 2 [T Nne — 5255522 “égg:gg

_ —_ AND
a4 21 [ WE DECODER ARRAY
A5 20 ] OF Ag-As —
6 19 NC ADDRESS
A01° yos0aa - — INPUTS W
I 18[] CE
a8 17 [] vo,
o, [ 9 16 [] 105 —] BuFFeRs
— /O BUFFERS
o, [} 10 15[ 105 — L‘;ﬁges AND LATCHES
vo, [ 11 14 [ o, \ —|_DECODER .
vss []12 13 [ wos —[ 11111111
CE —
PIN NAMES or — et —
WE 1/04-110;

Ao—As Address Inputs DATA INPUTS/OUTPUTS

%OTEQ— /0, \Izlata Igputé'Output Vee O—

WE rite Enable Vss O—

CE Chip Enable *

OE Output Enable

Vee +5V

Vss Ground

NC No Connect
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X2804A,

X2804Al

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias X2804A
X2804AI ..........

Storage Temperature

Voltage on any Pin with

Respect to

round ...l
D.C. Qutput Current

Lead Temperature (Soldering,

10 Seconds)

D.C. OPERATING CHARACTERISTICS

..—10°C to

+85°C

—65°C to +135°C
—65°C to +150°C

—-1.0Vto +7V
................................... 5 mA

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

X2804A T, = 0°C to +70°C, Ve = +5V £5%, unless otherwise specified.

X2804Al T, = —40°C to +85°C, Ve = +5V =10%, unless otherwise specified.
X2804A Limits | X2804Al Limits
Symbol Parameter Min. Max. Min. Max. Units Test Conditions
lc Ve Current (Active) 80 100 mA | CE =0E =V,
All ¥O’s = Open
Other Inputs = Vge
lss Vec Current (Standby) 50 60 mA CE =V, OE =V,
All I/O’s = Open
Other Inputs = Ve
I Input Leakage Current 10 10 RA Vin = GND to Ve
lo Output Leakage Current 10 10 WA Vour = GND to V¢e
\' Input Low Voltage -1.0 0.8 -1.0 0.8 \
ViH Input ngh Vo|tage 2.0 Vee +0.5 2.2 Ve +1.0 \%
Voo Output Low Voltage 0.4 0.4 Vv loL = 2.1 mA
Von Output High Voltage 2.4 24 \ loy = —400 pA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio” Input/Qutput Capacitance 10 pF Vio = 0V
Cn'™ Input Capacitance 6 pF Vin = 0V
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts CE | OE | WE Mode /0 Power
Input Rise and L L Read D Active
Fall Times 10 nsec : o :
| o L L Write Din Active
t and Output
Timing d Outp 1.5 Volts H X Standby and High Z Standby
p— Write Inhibit
Output Load &= G and X L | x | write inhibit — _
X H Write Inhibit — —




X2804A, X2804Al

A.C. CHARACTERISTICS
X2804A T, = 0°C to +70°C, Voc = +5V =5%, unless otherwise specified.
X2804Al T, = —40°C to +85°C, Ve = +5V =10%, unless otherwise specified.

Read Cycle Limits

X2804A-25 X2804A X2804A-35 X2804A-45
X2804Al-25 X2804Al X2804Al-35 | X2804Al-45
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Units
tac Read Cycle Time 250 300 350 450 ns
tce Chip Enable Access Time 250 300 350 450 ns
tan Address Access Time 250 300 350 450 ns
toe Output Enable Access Time 120 120 135 150 ns
tz 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
torz | Output Enable to Output in Low Z 50 50 50 50 ns
tonz | Output Disable to Output in High Z 10 100 10 100 10 100 10 100 ns
ton Output Hold from Address Change | 20 20 20 20 ns
Read Cycle
|« the -
ADDRESS D‘( X X
. ———tce————f
CE N¥ _ / ~
— |—top——
OE —‘——_\\
J— Vin
WE |tz
—| to; [-€— —_—
DATA 170 —=12 ( DATA VALID




X2804A, X2804Al

Write Cycle Limits

X2804A-25 X2804A X2804A-35 X2804A-45
X2804Al-25 X2804Al X2804A1-35 | X2804Al-45
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Units

twe Write Cycle Time 10 10 10 10 ms
tas Address Set-Up Time 10 10 10 10 ns
tan Address Hold Time 120 120 150 150 ns
tes Write Set-Up 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 Set-Up Time 10 10 10 10 ns
toen | Output Enable Hold Time 10 10 10 10 ns
twe Write Pulse Width 150 150 175 230 ns
twen | Write Control Recovery 50 50 50 50 ns
tov Data Valid Time 1 1 1 1 ns
tbs Data Set-Up Time 120 135 175 230 ns
ton Data Hold Time 15 15 20 30 ns

'WE Controlled Write Cycle

- twe — >

ADDRESS —
|t A ——— |t g ——

J— —tcs— tcy-»
CE
l L

V<
-—tops—

toeH |t—p

WE \: twe —~l ~== ’,Iy—\\_

[ twpy —

————— tns—-——>T<-—tp...

Z
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‘CE Controlled Write Cycle
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X2804A, X2804Al

PIN DESCRIPTIONS

Addresses (Ay,—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 buffers
and is used to initiate read operations.

Data In/Data Out (I/0,-1/0;)

Data is written to or read from the X2804A through the I/O
pins.

Write Enable (WE)

The Write Enable input controls the writing of data to the
X2804A.

DEVICE OPERATION

READS

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 eliminates
bus contention in a system environment. The data bus will
be in a high impedance state when either OE or CE is
HIGH.

WRITES

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 address is
latched by the falling edge of either CE or WE, whichever
occurs last. Similarly, the data is latched internally by the
rising edge of either CE or WE, whichever occurs first.

A byte write operation, once initiated, will automatically
continue to completion, typically within 5ms. In order to
take advantage of the typical write time as opposed to the
maximum specified time, the user can poll the X2804A.
The I/0O pins are placed in the high impedance state during
the internal programming cycle. Once the internal cycle is
complete, the X2804A may be accessed without any
limitations. Therefore, the host can poll an address with
known data (preferably with zeroes), as soon as a com-
pare is true, the X2804A is ready for another write cycle.

WRITE PROTECTION

There are three features that protect the nonvolatile data
from inadvertent writes.

e Noise Protection—AWE pulse of less than 20ns will not
initiate a write cycle.

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

® Write Inhibit—Holding either OE LOW, WE HIGH or CE
HIGH during power-on and power-off, will inhibit
inadvertent writes.

ENDURANCE

Xicor E?PROMs are designed and tested for applications
requiring extended endurance. The Process average for
endurance of Xicor E2PROMs is approximately 1/2 million
cycles, as documented in RR504, the Xicor Reliability Re-
port on Endurance. Included in that report is a method for
determining the expected endurance of the device based
upon the specific application environment. RR504 and ad-
ditional reliability reports are avaitable from Xicor.

MASS PROGRAM

Mass chip program and erase modes may be used to
accelerate test time when performing tests that require a
large number of writes, such as device endurance testing.
Additional information is available, upon request, from
Xicor regarding these test modes.
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icor

4K Military X2804AM 512 x 8 Bit

Electrically Erasable PROM

FEATURES DESCRIPTION

® Simple Byte Write Operation The Xicor X2804A is a 512 x 8 E2PROM, fabricated with
— No High Voltages Necessary the same reliable N-channel floating gate MOS technology
— Single TTL Level WE Signal Modifies Data used in all Xicor 5 volt programmable nonvolatile
— Internally Latched Addresses and Data memories. The X2804A features the JEDEC approved
— Self Timed Write pinout for byte-wide memories, compatible with industry
— Noise Protected WE Pin standard RAMs, ROMs and EPROMs.

e JEDEC Approved Pinout for Byte-Wide Xicor E2PROMs are designed and tested for applications
Memories requiring extended endurance. Refer to Device Operation

o Reliable N-Channel Floating Gate MOS for further endurance information. Data retention is speci-
Technology fied to be greater than 100 years.

Single 5 Volt Supply

Byte Write Time: 10ms Max.
Fast Access Time: 300ns Max.
Low Power Dissipation

— Active Current: 100mA Max.
— Standby Current: 60mA Max.

PIN CONFIGURATION FUNCTIONAL DIAGRAM
A\
a ]+ 2 [ veo
AAE 2 28[]A X
—— BUFFERS 4,096-BIT
A3 2 [ ﬁ — anﬁges E’PROM
A‘E 4 21 [ WE T ARRAY
A5 20 [] O
Ao-Ag I
A []s x2804a ° I NC ADDRESS
a7 s e INPUTS
A []s 17 110,
o, [] ¢ 16 [ 1o, Y
vo, [ 10 15 [] 1105 — ke Jo eurrens
AND
1o, [] 11 14 [ o, — DeAER
vss|:12 13 [] 1o, IIIIIIII
ce CONTROL
O ——| ——
Ot LOGIC oo
WE —— 10,-11
PIN NAMES DATA INPUTS/OUTPUTS
Ag—Ag Address Inputs Ve O—»-
//Qg—1/0; Data Input/Output Vss O—
WE Write Enable
CE Chip Enable
OE Output Enable
Ve +5V
Vss Ground
NC No Connect
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X2804AM

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature
Voltage on any Pin with

Respect to Ground

—65°C to +135°C
—65°C to +150°C

Lead Temperature (Soldering,

10 Seconds)

D.C. OPERATING CHARACTERISTICS

—1.0Vto +7V
D.C.Output Current . ..........coovtiiiiiiiiii e

5 mA

*COMMENT

Stresses above those listed under "Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum

rating conditions for extended periods may affect device reliability.

Ta = —55°C to +125°C, Ve = +5V +£10%, unless otherwise specified.
Limits
Symbol Parameter Min. Max. Units Test Conditions
lce Ve Current (Active) 100 mA CE = OE =V,
All I/O’'s = Open
Other Inputs = V¢
lss Voc Current (Standby) 60 mA CE = V4, OE = V,
All I/O’s = Open
Other Inputs = V¢
Iy Input Leakage Current 10 pA Vin = GND to Ve
lo Output Leakage Current 10 A Voutr = GND to Ve
Vi Input Low Voltage -1.0 0.8 \
Viu Input High Voltage 2.2 Vee +1.0 \'
VoL Output Low Voltage 0.4 \ lo. = 2.1 mA
Vo Output High Voltage 2.4 \ lon = —400 pA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio™ Input/Output Capacitance 10 pF Vi = 0V
Cn” Input Capacitance 6 pF Vin = OV
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts CE | OE | WE Mode 110 Power
Input Rise and L L Read D Active
Fall Times 10 nsec . T ,
' 10 L H L Write Din Active
nput and Output
Timing Levels - 1.5 Volts H | X | X |Standbyand High Z Standby
E———— p | Write Inhibit
1 e a
Output Load Co = 100 pF X L | x [ write Inhibit — —
X H Write Inhibit — —




X2804AM

A.C. CHARACTERISTICS
Ta = —55°C to +125°C, Voo = +5V =10%, unless otherwise specified.
Read Cycle Limits

X2804AM X2804AM-35 X2804AM-45
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
tre Read Cycle Time 300 350 450 ns
tce Chip Enable Access Time . 300 350 450 ns
tan Address Access Time 300 350 450 ns
toe Output Enable Access Time 120 135 150 ns
tz Chip Enable to Output in Low Z 10 10 10 ns
thz Chip Disable to Output in High Z 10 100 10 150 10 150 ns
toLz Output Enable to Output in Low Z 50 50 50 ns
tonz QOutput Disable to Output in High Z 10 100 10 150 10 150 ns
ton Output Hold from Address Change 20 20 20 ns

Read Cycle

l< \ .

ADDRESS * : X - X

|t cg

CE ﬁ /

N /|
|—tog—>

OE \\

___ Vm

WE
— iz

—»| toz [ —
HIGH Z
DATA1/0 K DATA VALID DATA VALID




X2804AM

Write Cycle Limits

DATA IN —@Z%ZZ}

WE \WL
to

v
 ——

— typy ——

DATA VALID

>

S S

HIGH Z

X2804AM X2804AM-35 X2804AM-45
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
twe Write Cycle Time 10 10 10 ms
tas Address Set-Up Time 10 10 10 ns
tan Address Hold Time 150 150 150 ns
tes < Write Set-Up Time 0 0 0 ns
ten Write Hold Time 0 0 0 ns
tew Chip Enable to End of Write Input 150 175 230 ns
toes Output Enable Set-Up Time 10 10 10 ns
toen Output Enable Hold Time 10 10 10 ns
twe Write Pulse Width 150 175 230 ns
twen Write Control Recovery 50 50 50 ns
tov Data Valid Time 1 1 1 us
tos Data Set-Up Time 135 175 230 ns
ton Data Hold Time 15 20 30 ns
'WE Controlled Write Cycle
- twe >
|t g g | t gy
CIANNN vt T IT TN
1 T +)
| yd S
o 44( ANNNNNNV/inve
<—toes—»| toEH [
" % ] Iv-\_
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X2804AM

‘CE Controlled Write Cycle

ADDRESS * m
s | —tyy

- N NN U

<-—twpu—>
I<—'oes—> toeH |—

® ~77F =~
we T\:_fcs'—‘—" ‘cnvjl “:

4—-‘03-—’{4—%;.

HIGH Z

DATA OUT
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X2804AM

PIN DESCRIPTIONS

Addresses (Ay—Ap)

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 buffers
and is used to initiate read operations.

Data In/Data Out (1/0,—1/07)

Data is written to or read from the X2804A through the I/O
pins.

Write Enable (WE)

The Write Enable input controls the writing of data to the
X2804A.

DEVICE OPERATION

READS

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 eliminates
bus contention in a system environment. The data bus will
be in a high impedance state when either OE or CE is
HIGH.

WRITES

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 address is
latched by the falling edge of either CE or WE, whichever
occurs last. Similarly, the data is latched internally by the
rising edge of either CE or WE, whichever occurs first.

A byte write operation, once initiated, will automatically
continue to completion, typically within 5ms. In order to
take advantage of the typical write time as opposed to the
maximum specified time, the user can poll the X2804A.
The I/O pins are placed in the high impedance state during
the internal programming cycle. Once the internal cycle is
complete, the X2804A may be accessed without any
limitations. Therefore, the host can poll an address with
known data (preferably with zeroes), as soon as a com-
pare is true, the X2804A is ready for another write cycle.

WRITE PROTECTION

There are three features that protect the nonvolatile data
from inadvertent writes.

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

Vee Sense—Al! functions are inhibited when V¢ is
=<3y, typically. - o
Write Inhibit—Holding either OE LOW, WE HIGH or CE
HIGH during power-on and power-off, will inhibit
inadvertent writes.

ENDURANCE

Xicor E2PROMs are designed and tested for applications
requiring extended endurance. The Process average for
endurance of Xicor E°PROMs is approximately 1/2 million
cycles, as documented in RR504, the Xicor Reliability Re-
port on Endurance. Included in that report is a method for
determining the expected endurance of the device based
upon the specific application environment. RR504 and ad-
ditional reliability reports are available from Xicor.

MASS PROGRAM

Mass chip program and erase modes may be used to
accelerate test time when performing tests that require a
large number of writes, such as device endurance testing.
Additional information is available, upon request, from
Xicor regarding these test modes.
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icor

Commercial X2816A .
16K Industrial X2816Al 2048 x 8 Bit

Electrically Erasable PROM

FEATURES DESCRIPTION

e Simple Byte Write Operation The Xicor X2816A is a 2K x 8 E2PROM, fabricated with the
— No High Voltages Necessary same reliable N-channel floating gate MOS technology
— Single TTL Level WE Signal Modifies Data  used in all Xicor 5 volt programmable nonvolatile
— Internally Latched Addresses and Data memories. The X2816A features the JEDEC approved
— Self Timed Write pinout for byte-wide memories, compatible with industry
— Noise Protected WE Pin standard RAMs, ROMs and EPROMs.

e JEDEC Approved Pinout for Byte-Wide Xicor E2PROMS are designed and tested for applications
Memories requiring extended endurance. Refer to Device Operation

o Reliable N-Channel Floating Gate MOS for further endurance information. Data retention is speci-
Technology fied to be greater than 100 years.

¢ Singte 5 Volt Supply

o Byte Write Time: 10ms Max.

o Fast Access Time: 250ns Max.

o Low Power Dissipation

— Active Current: 110mA Max.
— Standby Current: 50mA Max.

PIN CONFIGURATIONS FUNCTIONAL DIAGRAM
A7 NC NC NC Vcc WE NC
a1 24 [ ] Vee H ik
a2 23] A As N3 As — X
A3 22 []A As As — Bu‘ngRS 16,384-BIT
s —— LATCHES }—o E2PROM
AC]s AW A ne — 1 “ano ARRAY
A5 20 [ OF A 'f | DECODER
A []s 1wl lae X2816A oF A-A, —
o, XA Ba A ADDRESS
a]s w[Quo, A cE INPUTS
110, 9 16 : 1106 NC L "o
10, :I 105 100 3 1/0s "
10, 10, BUFFERS 10 BUFFERS
Ves E 10, /01 1/02 Vss NC 1/03 1/04 /05 LAX(;!:)ES AND LATCHES
DECODER
PIN NAMES oF CONTROL
OE —— “Loaic "_'—_o o -
E — 1/Q,-11
Ag—Aqo Address Inputs DATA INPUTS/OUTPUTS
1/0y~1/05 Data Input/Output
WE Write Enable Vec O—»
CE Chip Enable Vss O—s
OE Output Enable
Vee +5V
Vss Ground
NC No Connect

313 May 1985




X2816A, X2816Al

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias X2816A ............. -10°C to +85°C

X2816Al ........... —65°C to +135°C
Storage Temperature ...................... —65°C to +150°C
Voltage on any Pin with

Respectto Ground ......................... -1.0Vto +7V
DC.OutputCurrent . ...........ooiviiiii i, 5 mA
Lead Temperature (Soldering,

10SeC0NdS) - ..o vt v s 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

X2816A Tp = 0°C to +70°C, Ve = +5V =5%, unless otherwise specified.

X2816Al T, = —40°C to +85°C, Ve = +5V £10%, unless otherwise specified.
X2816A Limits | X2816Al Limits
Symbol Parameter Min. Max. Min. Max. Units Test Conditions
lec Ve Current (Active) 110 140 mA CE = OE =V,
All 1/O’'s = Open
Other Inputs = Vo
Iss Ve Current (Standby) 50 60 mA | CE =V, OE =V,
All I/O’s = Open
Other Inputs = Ve
L Input Leakage Current 10 10 pA Vin = GND to Ve
lLo Output Leakage Current 10 10 pA Vout = GND to V¢
Vi Input Low Voltage -1.0 0.8 -1.0 0.8 \
Vin Input High Voltage 20 [Vgc t05| 22 [Vge +1.0 \
Voo Output Low Voltage 0.4 0.4 v lop = 2.1 mA
Vou Output High Voltage 2.4 2.4 \ loy = —400 pA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio" Input/Output Capacitance 10 pF Vio = 0V
Cn Input Capacitance 6 pF Vin = 0V
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts CE | OE | WE Mode o Power
Input Rise and L L H Read D Active
Fall Times 10 nsec , > ,
1o L H L Write Din Active
Input and Output
Timing Levels. 1.5 Volts H | x | x |standbyand High Z Standby
s p Write Inhibit
17Tl t
Output Load C. = 100 pF X L | X | write Inhibit — —
X X H Write Inhibit — —
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X2816A, X2816Al

A.C. CHARACTERISTICS
X2816A T4 = —0°C to +70°C, V¢ = +5V £5%, unless otherwise specified.
X2816Al Ty = —40°C to +85°C, Ve = +5V +=10%, unless otherwise specified.

Read Cycle Limits

X2816A-25 X2816A X2816A-35 X2816A-45
X2816Al-25 X2816Al X2816Al1-35 | X2816Al-45
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. |Units
the 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
tz Chip Enable to Output in Low Z 10 10 10 10 ns
thz Chip Disable to Output in High Z 10 100 10 100 10 150 10 150 ns
torz | Output Enable to Output in Low Z 50 50 50 50 ns
tonz | Output Disable to Output in High Z 10 100 10 100 10 150 10 150 ns
ton Output Hold from Address Change 20 20 20 20 ns
Read Cycle
l< -
ADDRESS * X X
- tce———
AN ) G
~—top—3

OE N0

. Vu

WE -tz —p] |<"onz~>

—» toz \<-— ~ ton
HIGH Z
DATA 1/0 K DATA VALID DATAVALID  ——
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X2816A, X2816Al

Write Cycle Limits

X2816A-25 X2816A X2816A-35 X2816A-45
X2816Al-25 X2816Al X2816Al-35 | X2816Al-45
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. |Units

twe Write Cycle Time 10 10 10 10 ms
tas Address Set-Up Time 10 10 10 10 ns
tan Address Hold Time 120 120 150 150 ns
tcs Write Set-Up Time 0 0 0 0 ns
tcH Write Hold Time 0 0 0 0 ns
tew Chip Enable to End of Write Input 150 150 175 230 ns
toes | Output Enable Set-Up Time 10 10 10 10 ns
toen | Output Enable Hold Time 10 10 10 10 ns
twe | Write Pulse Width 150 150 175 230 ns
twen | Write Control Recovery 50 50 50 50 ns
tov Data Valid Time 1 1 1 1 s
tos Data Set-Up Time 120 135 175 230 ns
ton Data Hold Time 15 15 20 30 ns

'WE Controlled Write Cycle

ADDRESS

|t —— | —— Ay ——

A\ N M T |V
| I 27
I L
A I
| —t o 5~ toeH |—
- 1y > % ,
X y S~~~
tov | typy ——

DATA IN —m

C

DATA VALID

| ——————— tps——>i<——lu"

HIGH Z

KRR

3-16




X2816A, X2816Al

‘CE Controlled Write Cycle

ADDRESS * m
<t s | ——tpy

— -—  toy—————
cE - A NNNV/AN7an N
Q—twpu—b

l‘—‘oss—b toEH [t—
6E ‘ f of

_ ———tcs—— la—tch
we XN fzzz~
| P4
— tpy—]

t.,s—-qq—-tm,

HIGH Z

DATA OUT




X2816A, X2816Al

PIN DESCRIPTIONS

Addresses (Ag—Aqo)

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 buffers
and is used to initiate read operations.

Data In/Data Out (I//Og—1/07)

Data is written to or read from the X2816A through the /O
pins.

Write Enable (WE)

The Write Enable input controls the writing of data to the
X2816A.

DEVICE OPERATION

READS

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 eliminates
bus contention in a system environment. The data bus will
be in a high impedance state when either OE or CE is
HIGH.

WRITES

Write operations are initiated when both CE and WE are
LOW and OE is HIGH. The X2816A supports both a CE
and WE controlled write cycle. That is, the address is
latched by the falling edge of either CE or WE, whichever
occurs last. Similarly, the data is latched internally by the
rising edge of either CE or WE, whichever occurs first.

A byte write operation, once initiated, will automatically
continue to completion, typically within 5ms. In order to
take advantage of the typical write time as opposed to the
maximum specified time, the user can poll the X2816A.
The /O pins are placed in the high impedance state during
the internal programming cycle. Once the internal cycle is
complete, the X2816A may be accessed without any
limitations. Therefore, the host can poll an address with
known data (preferably with zeroes), as soon as a com-
pare is true, the X2816A 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 of less than 20ns will
not initiate a write cycle.

® V¢ Sense—All functions are inhibited when Vg is
=<3y, typically. . -
o Write Inhibit—Holding either OE LOW, WE HIGH

or CE HIGH during power-on and power-off, will
inhibit inadvertent writes.

ENDURANCE

Xicor EZPROMSs are designed and tested for applications
requiring extended endurance. The Process average for
endurance of Xicor E2PROMs is approximately 1/2 million
cycles, as documented in RR504, the Xicor Reliability Re-
port on Endurance. Included in that report is a method for
determining the expected endurance of the device based
upon the specific application environment. RR504 and ad-
ditional reliability reports are available from Xicor.

MASS PROGRAM

Mass chip program and erase modes may be used to
accelerate test time when performing tests that require a
large number of writes, such as device endurance testing.
Additional information is available, upon request, from
Xicor regarding these test modes.
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icor

16K  Military X2816AM 2048 x 8 Bit

Electrically Erasable PROM

FEATURES DESCRIPTION

® Simple Byte Write Operation The Xicor X2816A is a 2K x 8 E2PROM, fabricated with the
— No High Voltages Necessary same reliable N-channel floating gate MOS technology
— Single TTL Level WE Signal Modifies Data  used in all Xicor 5 volt programmable nonvolatile
— Internally Latched Addresses and Data memories. The X2816A features the JEDEC approved
— Self Timed Write pinout for byte-wide memories, compatible with industry
— Noise Protected WE Pin standard RAMs, ROMs and EPROMs.

e JEDEC Approved Pinout for Byte-Wide Xicor E2PROMs are designed and tested for applications
Memories requiring extended endurance. Refer to Device Operation

e Reliable N-Channel Floating Gate MOS for further endurance information. Data retention is speci-
Technology fied to be greater than 100 years.

e Single 5 Volit Supply

e Byte Write Time: 10ms Max.

® Fast Access Time: 300ns Max.

® Low Power Dissipation

— Active Current: 140mA Max.
— Standby Current: 60mA Max.

PIN CONFIGURATIONS FUNCTIONAL DIAGRAM
\/ A7 NC NC NC Vcc WE NC
A [ 24 [ Vee
A []2 23 Aq As — X
A3 2 [ a As J ——{ BUFFERS 16,384-BIT
ARy 21 WE A c _ LAXEJ%ES E:\;gf\)\"w
a[]s 20 []0E As Ne __| DECODER
Az X2816A e
A, 6 19 A Ay-A
‘H° xost6a o oA " ADDRESS
Az BLJCcE e INPUTS
A 8 7w, . < vor l
10, ] @ 16 B 0s o, ¥ 1106
Y
o, [] 10 15[ ] W0s ; frf el bl : BUFFERS
110 BUFFERS
1o, ] 11 14 [ o, 1101 110z Vss NC 103 1104 1/05 HATES AND LATCHES
Vss [] 12 13 7] 1o, DECODER
== CONTROL \ ,
PIN NAMES Ot — “Loaic
WE — 1/0,-40;
AQ_A10 Address Inputs DATA INPUTS/OUTPUTS
1/0g—1/07 Data Input/Output Vec O—
Write Enable v,

o= ! ss O—

CE Chip Enable

OE Output Enable

Vee +5V

Vgs Ground

NC No Connect

May 1985
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X2816AM

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature .............
Voltage on any Pin with

..—65°C to +135°C
.. —65°C to +150°C

Respectto Ground ......................... -1.0Vto +7V
D.C.Qutput Current . ........oovuviiiii s 5 mA
Lead Temperature (Soldering,

10Seconds) ....oovve i 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under "Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Ta = —55°C to +125°C, Ve = +5V +£10%, unless otherwise specified.

Limits
Symbol Parameter Min. Max. Units Test Conditions
lec Vec Current (Active) 140 mA CE =0OE =V,
Al 1/O’s = Open
Other Inputs = V¢
lse Ve Current (Standby) 60 mA CE =V, OE = V,_
All 1/O's = Open
Other Inputs = Ve
M Input Leakage Current 10 wA Vin = GND to Vo
o Output Leakage Current 10 pA Vour = GND to Ve
Vi Input Low Voltage -1.0 0.8 \%
Vi Input High Voltage 2.2 Vee +1.0 \Y
Vou Output Low Voltage 0.4 \Y loo = 2.1 mA
Vo Output High Voltage 2.4 \" lon = —400 pA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cro" Input/Output Capacitance 10 pF Vio = OV
Ccn'” Input Capacitance 6 pF Vin = OV
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts CE | OE | WE Mode 110 Power
Input Rise and L L H Read Do Active
Fall Times 10 nsec - = -
L L Write Din Active
d Output
ITI]‘r)nL::vga nLeve'.IjsI;)u 1.5 Volts H X X | Standby and High Z Standby
Write Inhibit
1 TTL Gat
Output Load &= o X L | X | Write Inhibit — —
X H | Write Inhibit — —
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X2816AM

A.C. CHARACTERISTICS
Ta = —55°C to +125°C, Voc = +5V £10%, unless otherwise specified.
Read Cycle Limits

X2816AM X2816AM-35 X2816AM-45
Symbol Parameter Min. | Max. | Min. Max. | Min. Max. | Units
tre Read Cycle Time 300 350 450 ns
tce Chip Enable Access Time 300 350 450 ns
taa Address Access Time 300 350 450 ns
toe Output Enable Access Time 120 135 150 ns
tiz Chip Enable to Output in Low Z 10 10 ' 10 ns
thz Chip Disable to Output in High Z 10 100 10 150 10 150 ns
toLz Output Enable to Output in Low Z 50 50 50 ns
tonz | Output Disable to Output in High Z 10 100 10 150 10 150 ns
ton Output Hold from Address Change 20 20 20 ns
Read Cycle

-« ———tac

ADDRESS ) ¢ X

——tce——]

CE —\ P
N _

«—tor—
E N\

o N

__  Vm

WE

—| tg z [E—

HIGH Z
DATA 1/0 ¢ DATA VALID
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X2816AM

Write Cycle Limits

X2816AM X2816AM-35 X2816AM-45
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Units
twe Write Cycle Time 10 10 10 ms
tas Address Set-Up Time 10 10 10 ns
tan Address Hold Time 150 150 150 ns
tcs Write Set-Up Time 0 0 0 ns
tcn Write Hold Time 0 0 0 ns
tew Chip Enable to End of Write Input 150 175 230 ns
toes Output Enable Set-Up Time 10 10 10 ns
toen Output Enable Hold Time 10 10 10 ns
twe Write Pulse Width 150 175 230 ns
twen Write Control Recovery 50 50 50 ns
tov Data Valid Time 1 1 1 us
tos Data Set-Up Time 135 175 230 ns
ton Data Hold Time 15 20 30 ns

'WE Controlled Write Cycle

ADDRESS

t, -
we

s ——] <—‘An—->'

Rl

<o
‘I rLd

g4

oEH [wg—m

K~

Jd

DATA IN

| twpy —

K DATA VALID

-————— tps-——blq—tpn

HIGH Z

ANN/AV s

R R~
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X2816AM

CE Controlled Write Cycle

ADDRESS M—
A —— P ——tyy

-— toy—————— |
N A M

L——-twpn—b
lq—logs» toeH |—

= 77y 3 S\\\NNYAN\ v
e N izt

-——tpy

<—-ins—>l<-——tnu

HIGH Z
DATA OUT
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X2816AM

PIN DESCRIPTIONS

Addresses (Ag—Aqo)

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 buffers
and is used to initiate read operations.

Data In/Data Out (1/0,—1/0;)

Data is written to or read from the X2816A through the /0
pins.

Write Enable (WE)

The Write Enable input controls the writing of data to the
X2816A.

DEVICE OPERATION

READS

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 eliminates
bus contention in a system environment. The data bus will
be in a high impedance state when either OE or CE is
HIGH.

WRITES

Write operations are initiated when both CE and WE are
LOW and OE is HIGH. The X2816A supports both a CE
and WE controlled write cycle. That is, the address is
latched by the falling edge of either CE or WE, whichever
occurs last. Similarly, the data is latched internally by the
rising edge of either CE or WE, whichever occurs first.

A byte write operation, once initiated, will automatically
continue to completion, typically within 5ms. In order to
take advantage of the typical write time as opposed to the
maximum specified time, the user can poll the X2816A.
The I/O pins are placed in the high impedance state during
the internal programming cycle. Once the internal cycle is
complete, the X2816A may be accessed without any
limitations. Therefore, the host can poll an address with
known data (preferably with zeroes), as soon as a com-
pare is true, the X2816A 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 of less than 20ns will
not initiate a write cycle.

® V. Sense—All functions are inhibited when V¢ is
=<3y, typically. . _

e Write Inhibit—Holding either OE LOW, WE HIGH
or CE HIGH during power-on and power-off, will
inhibit inadvertent writes.

ENDURANCE

Xicor E2PROMSs are designed and tested for applications
requiring extended endurance. The Process average for
endurance of Xicor E2PROMs is approximately 1/2 million
cycles, as documented in RR504, the Xicor Reliability Re-
port on Endurance. Included in that report is a method for
determining the expected endurance of the device based
upon the specific application environment. RR504 and ad-
ditional reliability reports are available from Xicor.

MASS PROGRAM

Mass chip program and erase modes may be used to
accelerate test time when performing tests that require a
large number of writes, such as device endurance testing.
Additional information is available, upon request, from
Xicor regarding these test modes.
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ADVANCED INFORMATION

iLor

16K

X2816B

2048 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES
® 150ns Access Time
o High Performance Advanced NMOS
Technology
o Fast Write Cycle Times
— Byte or Page Write Cycle: 2ms Typical
— 32 Byte Page Write Operation
— Complete Memory Rewrite: 128ms
— Effective Byte Write Cycle Time of 63ps
o DATA Polling
— Allows User to Minimize Write Cycle Time
® Reduced Power
— 60mA Active Current
— 30mA Standby Current
e JEDEC Approved Byte-wide Pinout
e Direct Replacement for X2816A

DESCRIPTION

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 5 volt only device. The X2816B features
the JEDEC approved pinout for byte-wide memories,
compatible with industry standard RAMs, ROMs and
EPROMSs.

The X2816B supports a 32-byte page write operation, ef-
fectively providing a 63ps/byte write cycle and enabling
the entire memory to be written in less than 128ms. The
X2816B 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 applications
requiring extended endurance. Data retention is specified
to be greater than 100 years.

PIN CONFIGURATIONS

"\ ] A; NC NC NC Vcc WE NC

A 24 [ Vee h
a2 23] A Ae ™
a3 2[4 A e
ARy 2 [JWE & NC
A5 20 ] OE A NG
A []s v, A X2816B oF
ar X28168 18[]CE A '™
A8 17 g o,  AoJi CE
o, [ ¢ 16[Juo, NI 1107
1o, [ 10 18] no; o0 d: 108
wo, (1 14 [ vo, §
Vs E 12 13 E 110, 101 1/02 Vss NC 1/Q3 1/04 1/Os
PIN NAMES

Ao—Aqo Address Inputs

10o—1/07 Data Input/Output

WE Write Enable

CE Chip Enable

OE Output Enable

Vee +5V

Vss Ground

NC No Connect

FUNCTIONAL DIAGRAM

_ x
—— BUFFERS 16,384-BIT
——1 LatCHES E2PROM
—_ AND ARRAY
1 DECODER
Ag-Asg
ADDRESS
INPUTS l
— Y
BUFFERS
1 LATCHES /O BUFFERS
] N AND LATCHES
—{ DECODER
OE —_————
OE —1 “Locic
WE — 1/0,-110,
DATA INPUTS/OUTPUTS
VCC
Vs O—>
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X2816B

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias X2816B
Storage Temperature ......................
Voltage on any Pin with

—10°C to +85°C
—65°C to +150°C

Respectto Ground ......................... —1.0V to +7V
D.C.QutputCurrent ...t 5 mA
Lead Temperature (Soldering,

10 SECONAS) .. oottt e 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

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

Limits
Symbol Parameter Min. Typ. ™ Max. Units Test Conditions
lec Ve Current (Active) 60 mA |CE =0E =V,
All 1/O’s = Open
Other Inputs = V¢
Iss Ve Current (Standby) 30 mA | CE =V, OE =V,
All 1/0’s = Open
Other Inputs = V¢
Iy Input Leakage Current 10 wA Vin = GND to Ve
Lo Output Leakage Current 10 pA Vour = GND to Vg, CE =Viy
Vi Input Low Voltage -1.0 0.8 \'
Vi Input High Voltage 2.0 Vge +1.0 \
VoL Output Low Voltage 0.4 \ loo = 2.1 mA
Von Output High Voitage 2.4 \ lon = —400 mA
Note: (1) Typical values are for T, = 25°C and nominal supply voltage.
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
1 Ce® Input/Output Capacitance 10 pF Vio = OV
Cin® Input Capacitance 6 pF Vin = 0V
Note: (2) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts CE | OE | WE Mode 110 Power
P;Iu%_ !?risaes and 10 nsec L L H | Read Dour Active
L H L Write Din Active
Input and Output
Timing Levels 1.5 Volts H | X | X |[Standbyand High Z Standby
p—— p Write Inhibit
1 L Gat:
Output Load Co = 100 pF X L | x [write Inhibit — —
X H Write Inhibit — —
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X2816B

A.C. CHARACTERISTICS
Ta = —0°C to +70°C, Ve = +5V £10%, unless otherwise specified.
Read Cycle Limits

Symbol Parameter Min. Typ.M Max. Units
the Read Cycle Time 150 ns
tee Chip Enable Access Time 150 ns
taa Address Access Time 150 ns
toe Output Enable Access Time 100 ns
tes ‘CE Low to Active Output ] ns
torz OE Low to Active Output 0 ns
thz ‘CE High to High Z Output 50 ns
tonz OE High to High Z Output 50 ns
ton Output Hold From Address Change 20 ns

Note: (1) Typical values are for T, = 25°C and nominal supply voltage.

Read Cycle
——————————1Inc >
ADDRESS X X
|———tce——
CE N Y
\ /]
[e—tog—>
OE N\
N
___ Vm
WE
- |
—| torz |E— ton
HIGH 2
DATA 1/0 ( DATA VALID DATA VALID
————t g ————

3-27



X2816B

Write Cycle Limits

Symbol Parameter Min. Typ.tY Max. Units
twe Write Cycle Time 2 ms
tas Address Set-up Time 0 ns
tan Address Hold Time 100 ns
tes Write Set-up Time ns
tch Write Hold Time ns
tow CE Pulse Width 100 ns
toes OE High Set-up Time 10 ns
toen OE High Hold Time 10 ns
twe ‘WE Pulse Width 100 ns
twen ‘WE High Recovery 50 ns
tov Data Valid 1 s
tos Data Set-up 50 ns
ton Data Hold 0 ns
teLc Byte Load Cycle 1 100 WS

Note: (1) Typical values are for Ty = 25°C and nominal supply voltage.
WE Controlled Write Cycle
ADDRESS m:
|t —— |t o —
CSANNN i Wiy Zorsra|re
] T — e
| ’ |
o Zz{ AANNNNNN/invg
—1ogs—»] toEH |t
wE T\ % < ’Sy-\
(RS

DATA IN ————<XZ$ZX>( DATA VALID
| e — ins_-blﬂ——

HIGH Z
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X2816B

CE Controlled Write Cycle

DATA OUT

HIGH Z

1 IR
—
s> | ——1ay
oy ———————— | .
cE AN A I~
| twpH ——»
I<——‘oss—> toem [«—
P
LV ¢ \mw
. ——tcs—— la—ten
vETXM fzz7~_
! r
- .U'A

——t ns—>l<—lo..

Page Mode Write Cycle

ol

al

H
m

*ADDRESS

170

I/

N f

5
'V

N[N [N 7N 7N XA

——“:@C?:’\L/]/‘\_/—\_f‘\_/—/h_
X XX P XX
KXXXXXXX X j{[t X X LAST BYTE }—1—

XXX

BYTEG BYTE1 BYTE 2 “BYTEn BYTEn+1

[e———twc ——>

BYTE n+2

*The page address, addresses Ag-A4g, must remain the same throughout the page write cycle (t ). ifa
pagepviolalion occurs, writes tosan t}lqknown address could result. pag i PLW
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X2816B

PIN DESCRIPTIONS

Addresses (Ag—A,()

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 buffers
and is used to initiate read operations.

Data In/Data Out (I/0,—1/0;)

Data is written to or read from the X2816B through the I/O
pins.

Write Enabie (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 eliminates
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 address is
latched by the falling edge of either CE or WE, whichever
occurs last. Similarly, the data is latched internally by the
rising edge of either CE or WE, whichever occurs first. A
byte write operation, once initiated, will automatically con-
tinue to completion, typically within 2ms.

PAGE WRITE OPERATION

The page write feature of the X2816B allows the entire
memory to be written in 128ms. Page write allows two to
thirty-two bytes of data to be consecutively written to the
X2816B prior to the commencement of the internal pro-
gramming cycle. The destination addresses for a page
write operation must reside on the same page; that is, As
through A, 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 successive byte
load cycle, started by the WE HIGH to LOW transition,
must begin within 100p.s of the falling edge of the preced-
ing WE. If a subsequent WE HIGH to LOW transition is
not detected within 100us the internal automatic program-
ming 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 100ps.

DATA POLLING

The X2816B features DATA Polling as a method to indi-
cate to the host system that the byte write or page write
cycle has completed. DATA Polling allows a simple bit test
operation to determine the status of the X2816B, eliminat-
ing additional interrupt inputs or external hardware. During
the internal programming cycle, any attempt to read the
last byte written will produce the complement of that data
on /Oy (i.e., write data = Oxxx xxxx, read data = 1xxx
xxxx). Once the programming cycle is complete, /0, will
reflect true data.

PROGRAMMABLE V. SENSE

All Xicor products have a default Vo Sense set point. This
inhibits all device operations during power transitions and
is typically 3v. The X2816B provides an additional Vcc
Sense feature that allows the user to program the set point
at which write operations are disabled. This feature al-
lows a user to program the sense level in the range of
+3v to Ve +1v. The set point is nonvolatile and
reprogrammable.
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FACT SHEET

icor

16K

X2816H

2048 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES
® 45ns Access Time
® High Performance Advanced NMOS
Technology
o Fast Write Cycle Times
— Byte or Page Write Cycle: 2ms Typical
— 32 Byte Page Write Operation
— Complete Memory Rewrite: 128ms
— Effective Byte Write Cycle Time of 63us
e DATA Polling
— Allows User to Minimize Write Cycle Time
o Low Power Operation
— 80mA Active Current
e JEDEC Approved Byte-wide Pinout

DESCRIPTION

The Xicor X2816H is a high speed 2K x 8 E2PROM, fabri-
cated with Xicor's advanced, high performance N-channel
floating gate MOS technology. The X2816H features the
JEDEC approved pinout for byte-wide memories, compati-
ble with industry standard RAMs, ROMs and EPROMs.

The X2816H supports a 32-byte page write operation, ef-
fectively providing a 63us/byte write cycle and enabling
the entire memory to be written in less than 128ms. The
X2816H 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 applications
requiring extended endurance. Data retention is specified
to be greater than 100 years.

PIN CONFIGURATIONS

24 [] Vee

A 1
a2 2 []A A
A3 2 [ A As
a e 2 [ WE NC
AC)s 20 [J o€ Ne
A [Js 19 [ Ag X2816H OF
ads X2816H . e A
A[s 17 [ ] 1o, CE
o, [ ¢ 16 [ 10g 107
vo, [} 10 15 [7] W05 106
o, 1 14 ] 1o,
Vss E 12 13 : 110, 101 110z Vss NC 103 1/04 1/Os
PIN NAMES
Ao—Aqo Address Inputs
VOe—1O, Data Input/Output
WE Write Enable
CE Chip Enable
OE Output Enable
Vee +5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM

— X
—— BUFFERS 16,384-BIT
— LATCHES pP— E2PROM
JES— AND ARRAY
——| DECODER
Ag-Aig
ADDRESS
INPUTS
— Y
BUFFERS
— LATCHES AUO BUFFERS
D — ND LATCHES
AND
DECODER
CE ConTROL IIII11II
5 — | | S —
O€ LOGIC
E 1/05~110;
DATA INPUTS/OUTPUTS
Vee O—»
Vss O—
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X2816H

PIN DESCRIPTIONS

Addresses (Ag—A;o)

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.

Output Enable (OE)

The Output Enable input controls the data output buffers
and is used to initiate read operations.

Data In/Data Out (1/0,—1/04,)

Data is written to or read from the X2816H through the I/O
pins.

Write Enable (WE)

The Write Enable input controls the writing of data to the
X2816H.

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 eliminates
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 OFE is HIGH. The X2816H supports both a CE
and WE controlled write cycle. That is, the address is
latched by the falling edge of either CE or WE, whichever
occurs last. Similarly, the data is latched internally by the
rising edge of either CE or WE, whichever occurs first. A
byte write operation, once initiated, will automatically con-
tinue to completion, typically within 2ms.

PAGE WRITE OPERATION

The page write feature of the X2816H allows the entire
memory to be written in 128ms. Page write allows two to
thirty-two bytes of data to be consecutively written to the
X2816H prior to the commencement of the internal pro-
gramming cycle. The destination addresses for a page
write operation must reside on the same page; that is, As
through A, 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 successive byte
load cycle, started by the WE HIGH to LOW transition,
must begin within 100us of the falling edge of the preced-
ing WE. If a subsequent WE HIGH to LOW transition is
not detected within 100us the internal automatic program-
ming 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
100us byte load cycle time.

DATA POLLING

The X2816H features DATA Polling as a method to indi-
cate to the host system that the byte write or page write
cycle has completed. DATA Polling allows a simple bit test
operation to determine the status of the X2816H, eliminat-
ing additional interrupt inputs or external hardware. During
the internal programming cycle, any attempt to read the
last byte written will produce the complement of that data
on /O, (i.e., write data = Oxxx xxxx, read data = 1xxx
xxxx). Once the programming cycle is complete, /07 will
reflect true data.

PROGRAMMABLE V.c SENSE

All Xicor products have a default Vo Sense set point. This
inhibits all device operations during power transitions and
is typically 3v. The X2816H provides an additional Vg
Sense feature that aliows the user to program the set point
at which write operations are disabled. This feature al-
lows a user to program the sense level in the range of
+3v to Vg +1v. The set point is nonvolatile and
reprogrammable.
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ADVANCED INFORMATION

icor

Commercial
64K Industrial

X2864A-20 _
X2864AI-20 8192 x 8 Bit

Electrically Erasable PROM

FEATURES

¢ Simple Byte and Page Write
— Single TTL Level WE Signal
— Latched Address and Data
— Automatic Write Timing
— DATA Polling Verification

o Fast Byte Write: 5ms Typical

o Automatic Page Write
— 5ms Typical per page
— Chip Rewrite in 2.6 sec Typical
— Effective 300 usec/Byte

® Fast Access Time: 200ns Max.

o Single 5 Volt Supply

e JEDEC Approved Pinout for Byte-Wide
Memories

DESCRIPTION

The Xicor X2864A is an 8K x 8 E2PROM, fabricated with
the same reliable N-channel floating gate MOS technology
used in all Xicor 5 volt programmable nonvolatile
memories. The X2864A features the JEDEC approved
pinout for byte-wide memories, compatible with industry
standard RAMs, ROMs and EPROMSs.

The X2864A supports a 16-byte page write operation, ef-
fectively providing a 300u.s/byte write and enabling the
entire memory to be written in less than 2.6 seconds. The
X2864A also features DATA Poliing, a system software
support scheme used to indicate the early completion of a
write cycle.

Xicor E2PROMs are designed and tested for applications
requiring extended endurance. Refer to Device Operation
for further endurance information. Data retention is speci-
fied to be greater than 100 years.

PIN CONFIGURATIONS

FUNCTIONAL DIAGRAM

A7 A1z NC NC Vcc WE NC ]
ol —] X
ol . —1 BUFFERS 65,536-BIT
Ae 18] ] ratcHEs E2PROM
Ay A 1 anD ARRAY
A {ne Ao-Ay; | —] DECODER
P2 ( 08 ADDRESS
Ay Ao INPUTS I ]
Ao YT (CE - Y
e g qor —] BUFFERS
Bl Bl bl ; — AND
1101 HO2 Vss NC 1/03 1104 HOs ——] DECODER
CE —1 CONTROL
PIN NAMES o —] toaic —
o= AND 1/0q-1/07
Ao—Aq2 Address Inputs WE—1 TimiNng | DATA INPUTS/OUTPUTS
1/Og—1/0; Data Input/Output Vec O—»
WE Write Enable Vsg O—»
CE Chip Enable
OE Output Enable
Vee +5V
Vss Ground
NC No Connect
May 1985
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X2864A-20, X2864AI1-20

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias X2864A-20 .........

X2864AI1-20 ........
Storage Temperature ......................
Voltage on any Pin with

.—10°C to

+85°C

—65°C to +135°C
—65°C to +150°C

Respectto Ground ......................... -1.0Vto +7V
D.C.Qutput Current ........ ...t 5 mA
Lead Temperature (Soldering,

108eCoNdS) .. .ovvvniti e 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

X2864A-20 To = 0°C to +70°C, Ve = +5V £5%, unless otherwise specified.
X2864A1-20 T, = —40°C to +85°C, Ve = +5V 5%, unless otherwise specified.

X2864A-20 Limits |X2864Al-20 Limits
Symbol Parameter Min. Max. Min. Max. Units Test Conditions
lec Vee Current (Active) 140 140 mA | CE =0E =V,
All I/O’'s = Open
Other Inputs = Vo
lss Ve Current (Standby) 60 70 mA CE =V, OE =V,
All 1/O’'s = Open
Other Inputs = Ve
' Input Leakage Current 10 10 rA Vin = GND to Ve
o Output Leakage Current 10 10 pA Vour = GND to Vcc,
CE = Vmn
Vi Input Low Voltage -1.0 0.8 -1.0 0.8 \
Vi Input High Voltage 20 |Vgc 0.5 2.0 [Vgc +0.5 \'
Voo Output Low Voltage 0.4 0.4 \' loo = 2.1 mA
Vou Output High Voltage 2.4 2.4 \'% loy = —400 pA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio'" Input/QOutput Capacitance 10 pF Vio = 0V
Cn" Input Capacitance 6 pF Vin = 0V
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Volts CE | OE | WE Mode /0 Power
Input Rise and L L H Read D Active
Fall Times 10 nsec : al -
I 10 L H L Write Din Active
t tput
Timing Levels - 1.5 Volts H X Standby and High Z Standby
5 3 Write Inhibit
1 TTL Gat
Output Load C. = 100 pF x | L | x| write mhibit — -
X H Write Inhibit — —
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X2864A-20, X2864Al-20

A.C. CHARACTERISTICS

X2864A-20 Tp = 0°C to +70°C, Vg = +5V 5%, unless otherwise specified.
X2864AI1-20 T, = —40°C to +85°C, Voc = +5V £5%, unless otherwise specified.

Read Cycle Limits

X2864A-20
X2864Al1-20
Symbol Parameter Min. Max. Units
tac Read Cycle Time : 200 ns
tce Chip Enable Access Time 200 ns
taa Address Access Time 200 ns
toe Output Enable Access Time 150 ns
tz Chip Enable to Output in Low Z 10 ns
thz Chip Disable to Output in High Z 10 60 ns
torz Output Enable to Output in Low Z 10 ns
tonz Output Disable to Output in High Z 10 60 ns
ton Output Hold from Address Change 20 ns
Read Cycle
le 1 -
ADDRESS * X X
0“ o

— —

CE —\\ %

o8 ———_ —

— Vm

WE

tiz—p]
—»{ toLz [@— —] ton
DATA 170 —HZ K DATA VALID DATA VALID —
]«———m
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X2864A-20, X2864AI1-20

Byte Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 10 ms
tas Address Set-Up Time 10 ns
tan Address Hold Time 200 ns
tcs Write Set-Up Time 0 ns
ten Write Hold Time 0 ns
tew Chip Enable to End of Write Input 150 ns
toes Output Enable Set-Up Time 10 ns
toen Output Enable Hold Time 10 ns
twe Write Pulse Width 150 ns
tweH Write Control Recovery 50 ns
tov Data Valid Time 300 ns
tos Data Set-Up Time 100 ns
ton Data Hold Time 20 ns

'WE Controlled Write Cycle

DATA IN ——M(
DATA OUT m

DATA VALID

"HIGH Z

-——— 'DS‘_—'»l‘—'"OH

1, o
ADDRESS —
———t g [—— a3
N 777777
CE _NNN\\ | /)
l I L
oE AANNANNNTINNY
—togs— toEH [t
WE N A N NN Sy_\}_
toy —— typy ——
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X2864A-20, X2864Al1-20

CE Controlled Write Cycle

ADDRESS
g ——|

CE AN

|<—‘oes—> torn [

4———-——icw————-—>

*XZXWM
<t~

/

AR NN\ M\_

=77y
|t o g P

WE T\

g ”

DATA OUT

-
% DV

<—qu~j rF
I ‘ 77

HIGH Z

<——'ns——>|<-—to"j
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X2864A-20, X2864Al-20

Page Mode Write Cycle Limits

Symbol Parameter Min. Typ.@ Max. Units
twe Write Cycle Time 5 10 ms
twe Write Pulse Width 150 ns
telc Byte Load Cycle 3 20 ws
teuw Page Load Width 150 s
tweH Write Pulse Width High 50 ns

Note: (2) Typical values are for T, = 25°C and nominal supply voltage.
Page Mode Write Cycle
L L L L

*ADDRESS

- N\
A
170 RRRRRXKRX XX

J
3
S
5
EE

X XXX

BYTEQ BYTE1

M XX

BYTE 15

BYTE2 BYTE 13 BYTE 14

torw

£

-

*The page address, addresses As—-A4,, must
page violation occurs, writes to an u%k

twe

in the same the page write cycle (tp w)- If a

nown address could result.
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X2864A-20, X2864Al-20

PIN DESCRIPTIONS

Addresses (Ay—A,2)
The Address inputs select an 8-bit memory location during
a read or write operation.

Chip Enabie (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 buffers
and is used to initiate read operations.

Data In/Data Out (I/0,-1/0;)

Data is written to or read from the X2864A through the /O
pins.

Write Enable (WE)

The Write Enable input controls the writing of data to the
X2864A.

DEVICE OPERATION

READS

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 eliminates
bus contention in a system environment. The data bus will
be in a high impedance state when either OE or CE is
HIGH.

WRITES

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 address is
latched by the falling edge of either CE or WE, whichever
occurs last. Similarly, the data is latched internally by the
rising edge of either CE or WE, whichever occurs first. A
byte write operation, once initiated, will automatically con-
tinue to completion, typically within 5ms.

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 internal
programming cycle. The destination addresses for a page
write operation must reside on the same page; that is, A,
through A,> 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 20ps of the falling edge of
WE of the preceding cycle. If a subsequent WE HIGH to
LOW transition is not detected within 20us the internal
automatic programming cycle will commence.

DATA POLLING

The X2864A features DATA Polling as a method to indi-
cate to the host system that the byte write or page write
cycle has completed. DATA Polling allows a simple bit test
operation to determine the status of the X2864A, eliminat-
ing additional interrupt inputs or external hardware. During
the internal programming cycle, any attempt to read the
last byte written will produce the complement of
that data on I/05 (i.e., write data = Oxxx xxxx, read data =
1xxx xxxx). Once the programming cycle is complete, /0,
will reflect true data.

WRITE PROTECTION

There are three features that protect the nonvolatile data
from inadvertent writes.

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

® V. Sense—All functions are inhibited when V¢ is
=3y, typically. -

® Write Inhibit—Holding either OE LOW, WE HIGH or
CE HIGH during power-on and power-off, will inhibit
inadvertent writes.

ENDURANCE

Xicor E2PROMSs are designed and tested for applications
requiring extended endurance. The Process average for
endurance of Xicor E2PROMs is documented in RR504,
the Xicor Reliability Report on Endurance. Included in that
report is a method for determining the expected en-
durance of the device based upon the specific application
environment. RR504 and additional reliability reports are
available from Xicor.

MASS PROGRAM

Mass chip program and erase modes may be used to
accelerate test time when performing tests that require a
large number of writes, such as device endurance testing.
Additional information is available from Xicor regarding
these test modes.
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icor

Commercial

X2864A

64K Industrial X2864Al 8192 x 8 Bit
Electrically Erasable PROM
FEATURES DESCRIPTION

e Simple Byte and Page Write
— Single TTL Level WE Signal
— Latched Address and Data
— Automatic Write Timing
— DATA Polling Verification
o Fast Byte Write: 5Sms Typical
e Automatic Page Write
— 5ms Typical per page
— Chip Rewrite in 2.6 sec Typical
— Effective 300 p.sec/Byte
® Fast Access Time: 250ns Max.
Single 5 Volt Supply
e JEDEC Approved Pinout for Byte-Wide
Memories

The Xicor X2864A is an 8K x 8 E?PROM, fabricated with
the same reliable N-channel floating gate MOS technology
used in all Xicor 5 volt programmable nonvolatile mem-
ories. The X2864A features the JEDEC approved pinout
for byte-wide memories, compatible with industry standard
RAMs, ROMs and EPROMs.

The X2864A supports a 16-byte page write operation, ef-
fectively providing a 300pus/byte write and enabling the
entire memory to be written in less than 2.6 seconds. The
X2864A also features DATA Poliing, a system software
support scheme used to indicate the early completion of a
write cycle.

Xicor E2PROMSs are designed and tested for applications
requiring extended endurance. Refer to Device Operation
for further endurance information. Data retention is speci-
fied to be greater than 100 years.

PIN CONFIGURATIONS

A7 _As2 NC NC Vec WE NC

101 /02 Vss NC 103 1/Q4 1105

PIN NAMES
Ao—Az Address Inputs
VOg—-110; Data Input/Output
WE Write Enable
CE Chip Enable
OE Output Enable
Vee +5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM

— X
—] BUFFERS 65,536-BIT
| LatcHEs E2PROM
1 AanD ARRAY
Ag-Arz | —] DECODER
ADDRESS
INPUTS I |
— Y
T Srches /0 BUFFERS
— “anD AND LATCHES
—1 pecooer .
& —] conTRrOL
ot LOGIC ———r
OE AND 1/0g-1/07
WE TIMING | DATA INPUTS/OUTPUTS
Voo O—»
Vss O—»
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X2864A, X2864Al

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias X2864A
X2864Al

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

Storage Temperature
Voltage on any Pin with

Respect to Ground ........ -1.0Vto +7V
D.C.QutputCurrent . ...........ooiiiiiiiiiiiiin, 5 mA
Lead Temperature (Soldering,

10 SECONAS) .+ . vt v v vt v it a i e 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings”
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 operational sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

X2864A T = 0°C to +70°C, Ve = +5V £5%, unless otherwise specified.

X2864Al T, = —40°C to +85°C, Vgc = +5V *£5%, unless otherwise specified.
X2864A Limits X2864Al Limits
Symbol Parameter Min. Max. Min. Max. Units Test Conditions
lec Vcc Current (Active) 140 140 mA CE = OE =V,
All 1/0’s = Open
Other Inputs = Ve
lss Ve Current (Standby) 60 70 mA CE = V,y, OE =V,
All /O’'s = Open
Other Inputs = Voo
I Input Leakage Current 10 10 pA Vin = GND to Ve
lo Output Leakage Current 10 10 pA Vour = GND to V¢,
CE = Vi
Vi Input Low Voltage -1.0 0.8 -1.0 0.8 Vv
Vi Input High Voltage 20 |Vgc 05 20 |Vgc +0.5 \%
VoL Output Low Voltage 0.4 0.4 \ loL = 2.1 mA
Von Output High Voltage 2.4 2.4 \' loy = —400 pA
CAPACITANCE T, = 25°C, f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Unit Conditions
Cio® Input/Output Capacitance 10 pF Vio = OV
cn” Input Capacitance 6 pF Vin = OV
Note: (1) This parameter is periodically sampled and not 100% tested.
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels 0 to 3.0 Voits CE | OE | WE Mode 110 Power
Input Rise and L L Read D Active
Fall Times 10 nsec . — ,
I 1o L H L Write Din Active
nput a tput
Timing Levels - 1.5 Volts H | x | X |[standbyand High Z Standby
5 " Write Inhibit
1 TTL Gat
Output Load C.= 1%8 ;,? X L X Write Inhibit — —
X X H | Write Inhibit — -
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X2864A, X2864Al

A.C. CHARACTERISTICS

X2864A T, = 0°C to +70°C, Ve = +5V +5%, unless otherwise specified.
X2864Al Ty = —40°C to +85°C, Voc = +5V 5%, unless otherwise specified.

Read Cycle Limits

X2864A-25 X2864A X2864A-35 X2864A-45
X2864Al-25 X2864Al X2864Al1-35 | X2864Al-45
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Units
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 150 150 150 150 ns
tz Chip Enable t