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President’'s Message

Dear Customer:

As the leader of the exciting field of E2PROM and NOVRAM memories, Xicor has charted a
course to provide an extensive product offering to cover the needs of your company in the
field-reprogrammable nonvolatile area. This catalog contains data sheets for E2PROMs,
NOVRAMSs, and the revolutionary E2POT potentiometers. These products are typically avail-
able in a wide variety of speeds, package types and both parallel and serial interface configu-
rations. The majority of the products are offered with extended temperature range, and many
comply with all the requirements of Mil-Std-883 Revision C for Class B products. This catalog
also contains advanced data sheets of various products under development, as well as nu-
merous reliability reports and application notes.

To date, Xicor has shipped close to 30 million E2PROM and NOVRAM memories to its
customers. Our research and development activities are substantial and will enable us to
continue to introduce innovative products. Our worldwide sales, marketing and applications
organizations are dedicated to supporting your requirements. We appreciate your business
and look forward to supplying your present and future requirements.

ﬁ‘((ﬁf

Raphael Klein
President
September, 1987
Second Edition
First Printing

Printed in U.S.A.
©® XICOR, INC., 1987
“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 tem-
perature range based upon initial production device characterization. Xicor reserves the right
to change these specifications or modify the product at any time, without notice.

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

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

m and Xicor is a trademark of Xicor, Inc.

E2POT™™ is a trademark of Xicor, Inc.

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

LIMITED WARRANTY

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

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

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

LIFE RELATED POLICY
In situations where semiconductor component failure may endanger life, system designers using this product should design the system with appropriate error
detection and correction, redundancy and back-up features to prevent such an occurrence. |

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

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected to result in a significant
injury to the user.

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure of the
life support device or system, or to affect its safety or effectiveness.




Precautions for the Handling of MOS Devices

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

. Testing MOS Circuits:
1. All units should be handled directly from the conductive or antistatic plastic tube in which they were shipped
if possible. This action minimizes touching of individual leads.
2. If units are to be tested without using the tube carrier, the following precautions should be taken:

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

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

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

Il. Test Equipment (Including Environmental Equipment):

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

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

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

1. The MOS circuits should be mounted on the PC board last.
2. Similar precautions should be taken as in 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.
IV. Device Handling:

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

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

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

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

4. Personnel should not wear clothing which will build up static charge. They should wear smocks and clothing -
made of 100% cotton rather than 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 strap is recommended and will protect people up to 5,000 volts AC RMS or
DC by limiting current to 5 milliamperes.

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

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




Product Index

This index includes all devices in Xicor nonvolatile memory product lines.
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Reference Guide to Xicor Nonvolatile Memories

NOVRAMs*

Data | Order

Number | Organization| “Tinas) - FOWer | Bae | O mate)| %% | Bage | Page
Active | Standby pla[p|e|a|c| No- | No.
X2201A 1024x1 | 300ns [60mA| N/A |10000| 18 T . 11 | 91
X2210 64x4 |300ns |50mA| N/A |10,000] 18 T o] |e 19 | 91
X2210/5 64x4 |300ns|50mA| N/A [10,000] 18 T |e| |e 19 | 91
X2210/10 64x4 |300ns|50mA| N/A [10,000] 18 T .| |e 19 | 91
X2210I 64x4 |300ns|55mA| N/A [10,000] 18 I el [e 19 | 94
X22101/5 64x4 |300ns |55mA| N/A | 10,000 18 I el [e 19 | 91
X22101/10 64x4 |300ns|55mA| N/A |10,000] 18 1 |e| [e 19 | o
X2210M 64x4 |300ns|55mA| N/A [10,000] 18 M . 147 | 91
X2210M/5 | 256x4 |300ns |55mA| N/A |10000| 18 M . 117 | o1
X2210M/10| 256x4 |300ns |55mA| N/A 10,000 18 M . 117 | 91
X2212 256x4 | 300ns |60mA| N/A |10000| 18 el |e 125 | 92
X2212/5 256x4 | 300ns |60mA| N/A |10,000| 18 t o] |e 125 | 91
X2212/10 256x4 | 300ns|60mA| N/A [10,000| 18 v o] [e 125 | 9-1
X2212i 256x4 |300ns |70mA| N/A [10,000| 18 1 |ef |e 125 | 92
X22121/5 256x4 | 300ns|70mA| N/A |10,000] 18 I |e| [e 125 | 92
X22121/10 | 256x4 |300ns|70mA| N/A |10,000( 18 L o] [e 125 | 92
X2212M 256x4 |300ns|70mA| N/A 10,000 18 M . 133 | 92
X2212M/5 | 256x4 |300ns |70mA| N/A |10,000| 18 M . 133 | 92
X2212M/10| 256x4 | 300ns |70mA| N/A |10000] 18 M . 133 | 92

N/A = Not Applicable
Key:

*NOVRAM is Xicor's nonvolatile static RAM device.

1 = Blank = Commercial = 0°Cto +70°C
| = Industrial = —40°Cto +85°C

M = Military = —55°C to +125°C

T = Ultra High Temp. = 0°C to + 150°C

P = Plastic DIP

J = 32-Lead J-Hook Plastic Leaded Chip Carrier

D = Cerdip

32-Pad Ceramic Leadless Chip Carrier (Solder Seal)
32-Pad Ceramic Leadless Chip Carrier (Glass Frit Seal)
Side Braze

oom
i
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Reference Guide to Xicor Nonvolatile Memories

NOVRAMs (Byte-Wide)

Data | Order

Numper |Oroanization| AZes| - PoWer | SO | et " | Sage | Page
Active | Standby plslp|e|a]c| No- | No.
X2001-20 128 x 8 200ns | 8B0mA | 50mA (100,000 24 T L4 1-41 9-3
X2001-25 128x8 | 250ns | BOmA | 50mA |100,000{ 24 t o |o 1-41 | 93
X2001 128 x 8 300ns | 80mA | 50mA |100,000f 24 T L] L] 1-41 9-3
X20011-20 128 x 8 200ns [100 mA| 65mA |100,000( 24 | L L] 1-41 9-3
X20011-25 128x 8 250ns {100 mA| 65mA |100,000| 24 | ° L] 1-41 9-3
X2001| 128 x 8 300 ns |100mA| 65mA | 100,000 24 | L] L] 1-41 9-3
X2004-20 512x8 | 200ns |100mA| 55mA |100,000| 28 T olee 1-51 | 9-3
X2004-25 512x8 250ns {100 mA| 55mA {100,000 28 T LA 1-51 9-3
X2004 512x8 300 ns {100 mA| 55 mA 100,000] 28 1) LARAR 1-51 9-3
X20041-20 512x8 200 ns {120 mAj 90 mA {100,000 28 | oo 1-51 9-3
X20041-25 512x8 | 250ns |120mA| 90mA (100,000 28 I olele 151 | 93
X20041 512x8 300ns |[120mA| 90 mA (100,000| 28 | elele 1-51 9-3
X2004M-20 512x8 200ns |[120mA| 90 mA [100,000| 28 M o0 1-61 9-3
X2004M-25 512x8 250 ns |120mA| 90 mA |[100,000| 28 M oo 1-61 9-3
X2004M 512x8 300 ns [120mA| 90 mA [100,000| 28 M e 1-61 9-3

Key:

+ = Blank = Commercial = 0°C to +70°C
{ = Industrial = —40°Cto +85°C

M = Military = ~55°C to +125°C

T = Ultra High Temp. = 0°Cto +150°C

P = Plastic DIP

J = 32-Lead J-Hook Plastic Leaded Chip Carrier

D = Cerdip

E = 32-Pad Ceramic Leadless Chip Carrier (Solder Seal)

G = 32-Pad Ceramic Leadless Chip Carrier (Glass Frit Seal)
C = Side Braze

viii




Reference Guide to Xicor Nonvolatile Memories

SERIAL NOVRAMs

Data |Order
Part Organization CLK Power Store [No.of| Temp. Package |[Sheet| Info.
Number 9 Frequency Cycles | Pins |Range(s) Page | Page
Active|Standby| Sleep P|J|D|E|G|C No. | No.
X2444 16x 16 1MHz [15mA| 10mA | 7 mA |100,000{ 8 T L4 2-1 9-5
X24441 16x 16 1MHz |[25mA| 15mA |10 mA|100,000 8 | . 2-1 9-5
X2444M 16x 16 1MHz [25mA| 15mA |10 mA{100,000| 8 M . 2-11 | 95
SERIAL E2PROMs
Page Data | Order
Part i .9 CLK Power No. of| Temp. Package |Sheet| Info.
Organization| Size !
Number (# Bytes) Frequency Pins |Range(s) Page | Page
Active |Standby plJ|p|E|G|c| No- | Ne.
X2402 256 x 8 8 100 KHz |30 mA| 25 mA 8 T . 2-21 | 9-5
X2402| 256 x 8 8 100 KHz |[35mA| 30 mA 8 | . 2-21 | 95
X2404 512x8 8 100 KHz |30 mA| 25mA 8 T o o 2-31| 95
X24041 512x8 8 100 KHz |35 mA| 30 mA 8 | e |o 2-31| 95
X2404M 512x8 8 100 KHz {35 mA| 30 mA 8 M e |o 2-41 | 95
X24C04 512x8 16 100KHz | 2mA| 60 uA 8 1 . 2-51 | 9-5
X24C041 512x8 16 100KHz | 2mA| 60 A 8 | . 251 | 95
X24C16 2048 x 8 16 100KHz [ 3mA| 75puA 8 T o (o 261 | 9-5
X24C16l 2048 x 8 16 100KHz | 3mA| 75puA 8 I e e 2-61 | 9-5
X24C16M| 2048 x8 16 100KHz | 3mA| 75puA 8 M o |o 2-71 | 9-5
Key:
t = Blank = Commercial = 0°C to +70°C
| = Industrial = —40°Cto +85°C
M = Military = —55°C to +125°C
T = Ultra High Temp. = 0°C to + 150°C
P = Plastic DIP
J = 32-Lead J-Hook Plastic Leaded Chip Carrier
D = Cerdip
E = 32-Pad Ceramic Leadless Chip Carrier (Solder Seal)
G = 32-Pad Ceramic Leadless Chip Carrier (Glass Frit Seal)
C = Side Braze




Reference Guide to Xicor Nonvolatile Memories

4K E2PROMs
Page Data |Order
Part Organization Sizge Access Power No. of| Temp. Package |Sheet| Info.
Number 9 (# Bytes) Time Pins |Range(s) Page | Page
Active | Standby plu|pe|a[c| No- | No-
X2804A-25 512x8 N/A 250ns | B0 mA | 50 mA 24 T L4 3-1 9-6
X2804A 512x8 N/A 300ns | B0OmMA | 50 mA 24 T o o 3-1 9-6
X2804A-35 512x8 N/A 350ns | B0 mA | 50 mA 24 T e |e 3-1 9-6
X2804A-45 512x8 N/A 450 ns | 80 mA | 50 mA 24 T e | 31 9-6
X2804Al-25 512x8 N/A 250 ns {100 mA| 60 mA 24 | o | 3-1 9-6
X2804Al 512x8 N/A 300 ns (100 mA| 60 mA 24 | e |0 3-1 9-6
X2804Al-35 512x8 N/A 350 ns | 100 mA| 60 mA 24 | e e 3-1 9-6
X2804Al-45 512x8 N/A 450 ns (100 mA| 60 mA 24 | e o 3-1 9-6
X2804AM 512x8 N/A 300 ns (100 mA| 60 mA 24 M o | 3-9 9-6
X2804AM-35 512x8 N/A 350 ns (100 mA| 60 mA 24 M e |o 3-9 9-6
X2804AM-45 512x8 N/A 450 ns {100 mA| 60 mA 24 M L4 L 3-9 9-6
N/A = Not Applicable
Key:
T = Blank = Commercial = 0°C to +70°C
| = Industrial = —40°Cto +85°C
M = Military = —55°Cto +125°C
T = Ultra High Temp. = 0°C to +150°C
P = Plastic DIP
J = 32-Lead J-Hook Plastic Leaded Chip Carrier
D = Cerdip
E = 32-Pad Ceramic Leadless Chip Carrier (Solder Seal)
G = 32-Pad Ceramic Leadless Chip Carrier (Glass Frit Seal)
C = Side Braze




Reference Guide to Xicor Nonvolatile Memories

16K E2PROMs

page Data (Order

Part e . Access Power No. of| Temp. Package [Sheet| Info.

Number Organization (# SBlgz:es) Time Pins |Range(s) Page | Page
Active | Standby J|p|e{a|c| No- | Ne.
X2816A-25 2048 x 8 N/A 250 ns {110 mA| 50 mA 24 T e (o) 3-19} 97
X2816A 2048x 8 N/A 300 ns {110 mA| 50 mA 24 T o |00 3-19 | 97
X2816A-35 2048 x 8 N/A 350 ns {110 mA| 50 mA 24 T o (oo 3-19 | 9-7
X2816A-45 2048 x 8 N/A 450 ns {110 mA| 50 mA 24 T o |00 3-19 | 97
X2816Al-25 2048 x 8 N/A 250 ns {140 mA| 60 mA 24 | e (o0 3-19 | 97
X2816Al 2048 x 8 N/A 300 ns {140 mA| 60 mA 24 | o |00 3-19 | 97
X2816Al-35 2048 x 8 N/A | 350ns |[140mA| 60mA | 24 | o oo 3-19 | 9-7
X2816Al-45 2048 x 8 N/A 450 ns (140 mA| 60 mA 24 | e |oje 3-19 | 97
X2816AM 2048 x 8 N/A 300 ns {140 mA| 60 mA 24 M e |o|e 3-27 | 9-7
X2816AM-35| 2048x8 N/A | 350ns |140mA| 60 mA | 24 M o |oje 3-27 | 9-7
X2816AM-45| 2048x8 N/A 450 ns (140 mA| 60 mA 24 M e |oe 3-27 | 9-7

16K E2PROMSs (Continued)

page Data |Order

Part Organization| Size Ac'cess Power Nc?. of| Temp. Package |Sheet| Info.

Number (# Bytes) Time Pins |Range(s) P:ge Page
Active | Standby plJ|p|e|a|c| No- | Ne.
X2816B-25 2048 x 8 16 250 ns (120 mA| 60 mA 24 T e 00 3-35 | 9-9
X2816B 2048 x 8 16 300 ns {120 mA| 60 mA 24 T AN 3-35 | 9-9
X2816BI-25 2048x 8 16 250 ns |120mA} 60 mA | 24 T LANRAL 3-35 | 9-9
X2816BI 2048 x 8 16 300 ns {140 mA| 70 mA 24 | eleo|o 3-35 | 9-9
X2816BM-25| 2048x8 16 250 ns (140 mA| 70 mA 24 M oo 3-45 | 9-9
X2816BM 2048 x 8 16 300 ns {140 mA| 70 mA 24 M LR 3-45 | 9-9

N/A =

Not Applicable

Ke!
T
|
M
T
P
J
D
E
G
C

I II I I! It

Blank = Commercial = 0°C to +70°C
Industrial = —40°C to +85°C
Military = —55°C to +125°C
Ultra High Temp. = 0°C to +150°C
P

lastic DIP

32-Lead J-Hook Plastic Leaded Chip Carrier

Cerdip

32| Pad Ceramic Leadless Chip Carrier (Solder Seal)
32-Pad Ceramic Leadless Chip Carrier (Glass Frit Seal)

Side Braze

Xi




Reference Guide to Xicor Nonvolatile Memories

L
64K E2PROMs
Page Data |Order
Part Access Power No. of| Temp. Package |[Sheet| Info.
Number Organization (* s;;:es) Time Pins |Range(s) Page | Page
Active | Standby J|p|e|ac| No- | Ne.
X2864A-25 8192x 8 16 250 ns {140 mA| 60 mA 28 T ol 3-57 | 9-10
X2864A 8192x 8 16 300 ns [140 mA| 60 mA 28 T LARAR 3-57 | 9-10
X2864A-35 8192x 8 16 350 ns (140 mA| 60 mA 28 T e\ 0o 3-57 | 9-10
X2864A-45 8192x 8 16 450 ns {140 mA| 60 mA 28 T LR 3-57 | 9-10
X2864Al-25 8192x 8 16 250 ns {140 mA| 70 mA 28 | LR 3-57 | 9-10
X2864Al 8192x 8 16 300 ns | 140 mA| 70 mA 28 | LR 3-57 | 9-10
X2864AIl-35 8192x 8 16 350 ns {140 mA| 70 mA 28 | oleje 3-57 | 9-10
X2864Al-45 8192x 8 16 450 ns {140 mA| 70 mA 28 | eleje 3-57 | 9-10
X2864AM-25| 8192x8 16 250 ns (140 mA| 70 mA 28 M LARARARS 3-67 | 9-10
X2864AM 8192x8 16 300 ns (140 mA| 70 mA 28 M LARARS 3-67 | 9-10
X2864AM-35/ 8192x8 16 350 ns {140 mA| 70 mA 28 M LA 3-67 | 9-10
X2864AM-45| 8192x8 16 450 ns ([140mA| 70 mA 28 M LA 3-67 | 9-10
X2864AT-35 8192x 8 16 350 ns {110 mA| 60 mA 28 T o0 3-79 | 9-12
X2864AT-45 8192x 8 16 450 ns |[110 mA| 60 mA 28 T LARd 3-79 | 9-12
Key:
t = Blank = Commercial = 0°Cto +70°C
| = Industrial = —40°C to +85°C
M = Military = —55°Cto +125°C
T = Ultra High Temp. = 0°C to +150°C
P = Plastic DIP
J = 32-Lead J-Hook Plastic Leaded Chip Carrier
D = Cerdip
E = 32-Pad Ceramic Leadless Chip Carrier (Solder Seal)
G = 32-Pad Ceramic Leadless Chip Carrier (Glass Frit Seal)
C = Side Braze

xii




Reference Guide to Xicor Nonvolatile Memories

64K E2PROMs (Continued)

Part Page Access Power No. of| Temp Package Sr:\aet:t ?;?: '
Number Organization (* %i;:es) Time Pi;m Range(.s) Page Pagé
Active |Standby plJ[p[ea[c| No- | No.
X2864B-120 8192 x 8 32 120ns |[150 mA| 80mA | 28 i) LANdRdRd 3-89 | 9-12
X2864B-150 8192x8 32 150 ns |150 mA} 80mA | 28 T ojo 0 0 3-89 | 912
X2864B-180 8192x8 32 180ns [150mA| 80mA | 28 1) o000 3-89 | 9-12
X2864BI-120 8192x8 32 120 ns |150 mA| 80 mA | 28 | sioele 3-89 | 9-12
X2864Bi-150 8192x8 32 150 ns | 150 mA| 80 mA 28 | olejo o 3-89 | 9-12
X2864BI-180 8192x 8 32 180 ns |150 mA| 80mA | 28 | ejoj0|e 3-89 | 9-12
X2864BM-120{ 8192x8 32 120 ns {150 mA| 80 mA | 28 M oo 3-97 | 9-13
X2864BM-150| 8192x8 32 150 ns {150 mA{ 80 mA 28 M oo 3-97 | 9-13
X2864BM-180f 8192x8 32 180 ns (150 mA{ 80mA | 28 M o0 3-97 | 9-13
64K E2PROMs (Continued)
Page Data |Order
Part Organization| Size Ac.cess Power No.of| Temp. Package [Sheet| Info.
Number (# Bytes) Time Pins | Range(s) P:ge Page
Active (Standby PlJ/D[E|G|c| MO No.
X2864H-70 8192x8 32 70 ns {150 mA| 80 mA 28 T e(ejo 0 3-105| 9-14
X2864H-90 8192x 8 32 90 ns {150 mA| 80 mA 28 T LALARd R 3-105| 9-14
X2864HI-90 8192 XS 32 90 ns {150 mA| 80 mA 28 | o|ofofe 3-105| 9-14
X2864HM-90| 8192x8 32 90 ns {150 mA| 80 mA 28 M LA 3-113| 9-14

Key:

1 = Blank = Commercial = 0°C to +70°C
| = Industrial = —40°C to +85°C

M = Military = —55°Cto +125°C

T = Ultra High Temp. = 0°C to +150°C

P = Plastic DIP

J = 32-Lead J-Hook Plastic L.eaded Chip Carrier

D = Cerdip

E = 32-Pad Ceramic Leadless Chip Carrier (Solder Seal)

G = 32-Pad Ceramic Leadless Chip Carrier (Glass Frit Seal)
C = Side Braze
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Reference Guide to Xicor Nonvolatile Memories

256K E2PROMs

t = Blank = Commercial = 0°C to +70°C
| = Industrial = —40°C to +85°C

M = Military = —55°C to +125°C

T = Ultra High Temp. = 0°C to +150°C

P = Plastic DIP
D = Cerdip

C = Side Braze

J = 32-Lead J-Hook Plastic Leaded Chip Carrier

Part Page Access Power No. of| Temp. Package Sl:l):et:t (l)rr:: '
Number Organization (* ii;fes) Time Pi;ts Range(.s) . | Page Pagc;
Active |Standby plu[p|e|a|c| No- | No.

X28256-25 32768 x 8 64 250 ns {120 mA| 60 mA 28 T o000 3-121| 9-15
X28256 32768 x 8 64 300 ns {120 mA| 60 mA 28 T LARRA RS 3-121{ 9-15
X28256-35 32768 x 8 64 350 ns {120 mA| 60 mA 28 T e 000 3-121| 9-15
X282561-25 32768 x 8 64 250 ns [120 mA| 60 mA 28 | oo 00 3-121§ 9-15
X28256| 32768 x 8 64 300ns {120mA| 60mA | 28 | ILIEAE 3-121| 9-15
X282561-35 | 32768 x 8 64 350ns |120mA| 60mA | 28 ! oloioe 3-121| 9-15
X28256M-25| 32768x 8 64 250 ns (120 mA| 60 mA 28 M oo 3-135| 9-15
X28256M 32768x 8 64 300ns |[120mA| 60mA | 28 M oo 3-135| 9-15
X28256M-35| 32768 x 8 64 350 ns (120 mA{ 60 mA 28 M ol 3-135} 9-15

Key:

E = 32-Pad Ceramic Leadless Chip Carrier (Solder Seal)
G = 32-Pad Ceramic Leadless Chip Carrier (Glass Frit Seal)
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Reference Guide to Xicor Nonvolatile Memories

256K E2PROMSs (Continued)

Page Data {Order
Part Organization| Size Ac_cess Power Nq. of| Temp. Package |Sheet| Info.
Number (# Bytes) Time Pins |Range(s) Page | Page
Active Standby plap|E|a[c| No- | Ne.
X28C256-25 32768 x 8 64 250ns |60 mA| 200 nA | 28 T LR 3-149{ 9-16
X28C256 32768 x 8 64 300ns |60 mA| 200 nA | 28 T LARE AR 3-149 9-16
X28(C256-35 32768 x 8 64 350 ns |60 mA| 200 nA | 28 T eioleio 3-149| 9-16
X28C2561-25 32768 x 8 64 250 ns [60mA| 200 pA | 28 | efeoje 3-149| 9-16
X28C256l| 32768 x 8 64 300ns {60 mA| 200 nA | 28 | oo oo 3-149| 9-16
X28C2561-35 32768 x 8 64 350ns |60 mA| 200 uA | 28 | ojooie 3-149| 9-16
X28C256M-25| 32768 x8 64 250 ns |60 mA| 200 pA | 28 M oo 3-163| 9-17
X28C256M 32768 x 8 64 300ns |60 mA| 200 uA | 28 M o0 3-163| 9-17
X28C256M-35| 32768 x 8 64 350 ns |60 mA| 200 A | 28 M oo 3-163} 9-17
Key:
T = Blank = Commercial = 0°C to +70°C
| = Industrial = —40°C to +85°C
M = Military = —55°Cto +125°C
T = Ultra High Temp. = 0°C to +150°C
P = Plastic DIP
J = 32-Lead J-Hook Plastic Leaded Chip Carrier
D = Cerdip
E = 32-Pad Ceramic Leadless Chip Carrier (Solder Seal)
G = 32-Pad Ceramic Leadless Chip Carrier (Glass Frit Seal)
C = Side Braze
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Reference Guide to Xicor Nonvolatile Memories

1M E2PROMs
Page Data | Order
Part -~ . Access Power No. of| Temp. Package Sheet| Info.
Organization| Size " i
Number (# Bytes) Time Pins | Range(s) Page | Page
Active | Standby pls|p|E|G|c| Ne- | No.
X28C010| 131072x8 128 200ns {BOmMA| 500 A | 32 LM . e 3-177| N/A
E2POTENTIOMETERSs
Data | Order
Part Minimal Wiper Maximum | No.of | Temp. Package Sheet | Info.
Number | Resistance | Increments | Resistance | Pins | Range(s) Page | Page
JIplelagle No. No.
X9103 400 101Q 10 KQ LM 41 9-18
X9503 400 5050 50 KQ LM | 47 | 918
X9104 400 1010Q 100 KQ T, LM L4 9-18
N/A = Not Applicable
Key:
1 = Blank = Commercial = 0°C to +70°C
| = Industrial = —40°Cto +85°C
M = Military = —55°C to +125°C
T = Ultra High Temp. = 0°Cto + 150°C
Plastic DIP
32-Lead J-Hook Plastic Leaded Chip Carrier
Cerdip

32-Pad Ceramic Leadless Chip Carrier (Solder Seal)
32-Pad Ceramic Leadless Chip Carrier (Glass Frit Seal)
Side Braze

W
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Memory Overview

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

Lower density E2PROMs and NOVRAMSs have been readily available for a number of years
and have provided unique niche applications solutions. Serial devices have replaced DIP
switches in a wide range of products that offer user selectable operating parameters. Nibble-
wide and byte-wide NOVRAMs and E2PROMSs are being used in instrumentation and industri-
al control applications to store calibration data and control information. Communications
equipment has implemented these same devices to store phone numbers in repertory dialers
and antenna positioning equipment.

The list of first generation applications goes on at length; however, with the second genera-
tion represented by the X2864A, the direction of applications began to diverge. The higher
density allowed practical usage of E2PROMSs in program and mass data storage. The advent
of the X28256 has pushed this application usage even higher.

Xicor strives to serve the marketplace by providing next generation devices in existing product
areas as evidenced by the X2864B and X2864H high speed 64K E2PROMs. Similarly, the
X24C16 and X24C04 maintain compatibility with the original X2404 but offer low power opera-
tion over a much wider Vg range.

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

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

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

*NOVRAM is Xicor's nonvolatile static RAM device.
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icor

1K Commercial X2201A 1024 x 1 Bit
Nonvolatile Static RAM
FEATURES The NOVRAM design allows data to be easily trans-

® Single 5V Supply

¢ Fully TTL Compatibie

¢ Infinite E2PROM Array Recall, RAM Read
and Write Cycles

¢ Access Time of 300 ns Max.

¢ Nonvolatile Store Inhibit: Vo¢c = 3V Typlcal

® 100 Year Data Retention

DESCRIPTION

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

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

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

PIN CONFIGURATION

A1 18 bvcc
a2 7 ]a
A ]s 16 Ja
A.[;' s 15[ Jar
wC]s X2201A apy
Do [_]6 n[a

SToRE[ |7 12| Jow
we[ |s El j%
vee [ |0 o[ ]cs

0056-~1

PIN NAMES
Ap—-Ag Address Inputs
Din Data Input
Dout Data Out
WE Write Enable
CS Chip Select
ARRAY RECALL Array Recall
STORE Store
Vee + 5V
Vss Ground

FUNCTIONAL DIAGRAM

NONVOLATILE
E2PROM
MEMORY
ARRAY

STORE

ARRAY
RECALL

% >
ROW
SELECT
32 ROWS

STATIC RAM
MEMORY ARRAY

(32 COLUMNS)

Din COLUMN 1/0 cmcun‘s
TS s COLUMN SELECT [ Dour
<]
e | £ 454
RECALL— | &8
— [ 3]
STORE—— S

As As A7 Ag A Vss Vec
0056-2

May 1987




X2201A

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias................... —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.OutputCurrent. ....... ..ot 5 mA
Lead Temperature
(Soldering, 10 Seconds)

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

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

Symbol Parameter Limits Units Test Conditions
Min. Max.
lcc Power Supply Current 60 mA All Inputs = Voo
liyjo = OmA
Iy Input Load Current 10 pA Vin = GND to Ve
Lo Output Leakage Current 10 pA Vouyt = GND to V¢
ViL Input Low Voltage -1.0 0.8 \
VIH Input High Voltage 2.0 Vge +1.0 \
VoL Output Low Voltage 0.4 \ loL = 4.2mA
VoH Output High Voltage 2.4 \ loH = —2mA
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
CiyoM input/Output Capacitance 8 pF Vijo = OV
Ccint Input Capacitance 6 pF VIN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V . Inputs |npu: /Ooutput Mode
Input Bise and 10ns CS|WE | ARRAY RECALL |STORE
Fall Times H X H H |OutputHighZ |Not Selected(?)
'ﬁﬁ:ﬁgﬁ \‘;‘:;p“‘ 15V L|H H H |OutputData |Read RAM
1 TTL Gate and L|L H H Input Data High | Write 1"’ RAM
Output Load CL = 100 pF LlL H H  |Input Data Low |Write “0” RAM
X|{H L H  (Output HighZ |Array Recall
H!| X L H Output High Z | Array Recall
X|H H L [OutputHighZ |Nonvolatile Storing(3)
H| X H L  |{OutputHigh Z |Nonvolatile Storing(3)

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

(3) STORE
(STORE

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




X2201A

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

Read Cycle Limits

Symbol Parameter Min. Max. Units
tRc Read Cycle Time 300 ns
ta Access Time 300 ns
tco Chip Select to Output Valid 200 ns
toH Output Hold from Address Change 50 ns
14 Chip Select to Output in Low Z 10 ns
thz Chip Deselect to Output in High Z 10 100 ns
Read Cycle
ADDRESS X X
- ta >
cs ——-——-\w—'co—’
it 7 — la—top—a=| |w—tnz
DATA OUT K DATA VALID mz
0056-3
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X2201A

Write Cycle Limits
Symbol Parameter Min. Max. Units
twe Write Cycle Time 300 ns
tow Chip Select to End of Write 150 ns
tas Address Setup Time 50 ns
twp Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
toH Data Hold Time 0 ns
twz Write Enable to Output in High Z 10 100 ns
tow Output Active from End of Write 10 ns
Write Cycle
ADDRESS X X
R N ——
cs AN A7
——t,g | - WP <—typ->
WE A é
<t—tpw —=| top [—
DATA IN DATA VALID
twz <tow >
DATA OUT
0056-4

1-4




X2201A

Early Write Cycle
- twe >
ADDRESS X X
|e———tcw |- twp -
cs X £77
| ——1 g g ——— |
WE AN NN N A
-—topy——»| lon |w-——oro0
DATA IN DATA VALID XX
HIGH Z
DATA OUT
0056-5
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
STORE AN V.V AVAVAVAR VAL & 4
— 51z [ ~—| togr |[w——
—— Hiz
DATA OUT - S—QOOXX K
0056~6




X2201A

Array Recall Cycle Limits

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

Array Recall Cycle

- t .

ADDRESS KX XXX XXX XXX ADDRESSES VALID X
trcp——————
ARRAY RECALL \ Ve

s OO /

| t——————t g —————|
—| thcz |—o ! topc |t—

DATA OUT HiGHZ DATA UNDEFINED DATAVALID  >—

0056-7

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

1-6



X2201A

PIN DESCRIPTIONS AND DEVICE OPERATION
Addresses (Ag-Ag)

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

Chip Select (CS)

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

Write Enable (WE)

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

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

Data Out (DoyT)

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

STORE

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

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

ARRAY RECALL

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

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

WRITE PROTECTION

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

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

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

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

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or typical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide during data changes, Xicor NOVRAMs are de-
signed to minimize the number of changes an E2PROM
bit cell undergoes during store operations. Only those
bits in the E2PROM that are different from their corre-
sponding location in the RAM will be “cycled” during a
nonvolatile store. This characteristic reduces unneces-
sary cycling of any of the rest of the bits in the array,
thereby increasing the potential endurance of each bit
and increasing the potential endurance of the entire ar-
ray. Reliability data documented in RR504, the Xicor
Reliability Report on Endurance, and additional reports
are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2201A 10,000 1,000
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ_ from Low to from Low to
High High
May change Will change
—“ from High to from High to
Low Low
Don't Care: Changing:
m Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance

1-7




X2201A

Normalized Active Supply Current Normalized Access Time
vs. Ambient Temperature vs. Ambient Temperature
1.4 1.4
Ve =5.0V Ve =5.0V,
g 1.2 N s 12
- -
a o
W w
8 10 0
< <
= =
['4 o
2 2
0.8 ~ 0.8
0.6 0.6
=55 +25 +125 -55 +25 +125
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
0056-8 0056-9
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Commercial

X2210

256 Bt |ngustrial X22101 64 x 4 Bit
Nonvolatile Static RAM
FEATURES in all Xicor 5V nonvolatile memories. The X2210 fea-

® Single 5V Supply

¢ Fully TTL Compatible

o Infinite E2PROM Array Recall, RAM Read
and Write Cycles

e Access Time of 300 ns Max.

¢ Nonvolatile Store Inhibit: Voc = 3V Typical

¢ 100 Year Data Retention

¢ JEDEC Standard 18-Pin Package

DESCRIPTION

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

reliable N-channel floating gate MOS technology used

tures the JEDEC approved pinout for 4-bit-wide memo-
ries, compatible with industry standard RAMs.

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

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

PIN CONFIGURATION

NC |:1 1 18] Jvec
a2 17[_]ne
a[]s 1] ]as
A .
’_j‘ a Zanto 15[ Juo
a]s 1a[ Juos
Ao [j [ 13{ o,
s 12[ Jvo,
VSs(: 8 n[_Jwe
STORE[ ]9 10 %22%1.
00451
PIN NAMES
Ao-As Address Inputs
1/01-1/04 Data Inputs/Outputs
WE Write Enable
CS Chip Select
ARRAY RECALL  Array Recall
STORE Store
Vee +5V
Vss Ground
NC No Connect

STORE

. B
WE

FUNCTIONAL DIAGRAM

NONVOLATILE
E2PROM

i
A —TF—1
o P

MEMORY ARRAY

4+— Vcc

RECALL
Vs

0,

10,

VO,

10,

0045-2

May 1967




X2210, X2210l

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
X2210
X22100 .o e

Storage Temperature ....................

Voltage on any Pin with

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

RespecttoGround.............ovvvvnines —-1.0Vto +7V
D.C.OutputCurrent............ccovivevriieiiiinnnnn, 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

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

Symbol Parameter X2210 Limits X22101 Limits Units Test Conditions
Min. Max. Min. Max.
Icc Power Supply Current 50 55 mA All Inputs = Vg
/o = 0mA
L Input Load Current 10 10 pA ViN = GND to Vge
Lo Output Leakage Current 10 10 [T, Vout = GND to Vg
ViL Input Low Voltage —-1.0 0.8 —-1.0 0.8 v
VIH Input High Voltage 2.0 Vo +1.0 2.0 Voo +1.0 Vv
VoL Output Low Voltage 0.4 0.4 \ loL = 4.2mA
VoH Output High Voltage 24 24 v loH = —2mA
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vgg = 5V
Symbol Test Max. Units Conditions
Cyoth Input/Output Capacitance 8 pF Vo = OV
CinM Input Capacitance 6 pF VN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V _ Inputs InputI /Ooutput Mode
Input Rise and 10 ns CS|WE|ARRAY RECALL |STORE
Fall Times H| x H H |OutputHighZ |NotSelected®
‘T"ipm‘;;;’l‘_‘lg‘:;p”t 15V L|H H H [OutputData |Read RAM
1 TTL Gate and L|L H H |Input Data High | Write “1” RAM
Output Load CL = 100 pF L|L H H |Input Data Low | Write “0” RAM
X|H L H |Output High Z |Array Recall
H| X L H |Output High Z |Array Recall
X | H H L  |Output High Z |Nonvolatile Storing(3)
H| X H L |Output HighZ |Nonvolatite Storing(3)

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

(STORE = X).




X2210, X2210I1

A.C. CHARACTERISTICS
X2210 Tp = 0°C to +70°C, Vg = +5V +10%, unless otherwise specified.

X2210l Tp = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.

Read Cycvle Limits

Symbol Parameter Min. Max. Units
tRc Read Cycle Time 300 ns
ta Access Time 300 ns
tco Chip Select to Output Valid 200 ns
toH Output Hold from Address Change 50 ns
tLz 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
B P ———
cs ) \——
——{tLz la—ton—d=| |tz
HiZ
DATA 170 K DATA VALID
0045-3




X2210, X2210i

Write Cycle Limits

Symbol Parameter Min. Max. Units
two Write Cycle Time 300 ns
tow Chip Select to End of Write 150 ns
tas Address Setup Time 50 ns
twp Write Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
toH Data Hold Time X2210 0 ns
X2210I 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
cs R y. Y.V
——t g |- WP - typ >
WE AN N A
|<—tow —| ton |——
DATA IN DATA VALID
e twz lq-tow->

DATA OUT

0045-4




X2210, X2210I

Early Write Cycle

ADDRESS X X

-——tcw -ty p
cs N L/
-ty —
WE NOANNK A
—tpy—»| ton |e—m0
DATA IN DATA VALID
HIGH Z
DATA OUT
0045-5

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

<_'STP_> STe | -
STORET™N L7777 N7 77X F
—| tgrz | —| tosr [@—-
DATA 1/0 =2 ——OOXXK K
0045-6




X2210, X22101

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
trce Array Recall Cycle Time 1200 ns
trcp Recall Pulse Width(4) 450 ns
troz Recall to Output in High Z 150 ns
torc Output Active from End of Recall 10 ns
tARC Recalled Data Access Time from End of Recall 750 ns

Array Recall Cycle

- ' -
ADDRESS MYX XX K ADDRESSES VALID
ARRAY RECALL \ )
S N AN NN /
- '} P |
—»| tacz |e— | topc |—r
DATA I/0 HiGHZz DATA UNDEFINED DATA VALID }—-

0045-7

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




X2210, X2210I

PIN DESCRIPTIONS AND DEVICE OPERATION
Addresses (Ag-As)

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

Chip Select (CS)

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

Write Enable (WE)

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

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

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

STORE

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

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

ARRAY RECALL

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

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

WRITE PROTECTION

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

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

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

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

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or typical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide during data changes, Xicor NOVRAMs are de-
signed to minimize the number of changes an E2PROM
bit cell undergoes during store operations. Only those
bits in the E2PROM that are different from their corre-
sponding location in the RAM will be “cycled” during a
nonvolatile store. This characteristic reduces unneces-
sary cycling of any of the rest of the bits in the array,
thereby increasing the potential endurance of each bit
and increasing the potential endurance of the entire ar-
ray. Reliability data documented in RR504, the Xicor
Reliability Report on Endurance, and additional reports
are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2210
X22101 10,000 1,000
X2210/5
X22101/5 50,000 5,000
X2210/10
X22101/10 100,000 10,000
SYMBOL TABLE
WAVEFORM INPUTS QUTPUTS
Must be Will be
steady steady
May change Will change
_ﬂ- from Low to from Low to
High High
May change Will change
_“_ from High to from High to
Low Low
Don't Care: Changing :
m Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance

1-15



X2210, X2210l

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Access Time
vs. Ambient Temperature

NORMALIZED lgc

1.4

\ Vee =5.0V
12

1.0

0.8

0.6

N

=55

+25 +125
AMBIENT TEMPERATURE (°C)

0045-8

NORMALIZED Ty,

1.50

1.25

Ve =5.0V

1.00

0.75 LA

0.50

-55

+25 +125
AMBIENT TEMPERATURE (°C)

0045-9




[ ]
icor
®

256 Bit  Military X2210M 64 x 4 Bit
Nonvolatile Static RAM

FEATURES in all Xicor 5V nonvolatile memories. The X2210 fea-

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

¢ Fully TTL Compatible

o Infinite E2PROM Array Recall, RAM Read
and Write Cycles

® Access Time of 300 ns Max.

® Nonvolatile Store Inhibit: Vo = 3V Typical

© 100 Year Data Retention

e JEDEC Standard 18-Pin Package

DESCRIPTION

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

ries, compatible with industry standard RAMs.

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

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

PIN CONFIGURATION

FUNCTIONAL DIAGRAM

[\ | NONVOLATILE
ne [ 18] Jwee EZPAOM
a2 17[JNe
Al s o _Jas " STORE
A |a 15[ J1/0s a—r—
A |j s 0 [ o, n ] i RECALL
a6 13[ Jvo, -/
= P MemORY ARRAY
es |7 12| Juo,
ves[ |8 n[_Jwe STORE — Ve
e RECALL
S e 10 %%& — -~ s
. Io‘___*?_ 110 CIRCUITS
00571 o, _?—
1O,
PIN NAMES ug
10,
Ag-As Address Inputs ﬂ
1/01-1/04 Data Inputs/Outputs <H
WE Write Enable _ 4
csS Chip Select & E
ARRAY RECALL Array Recall WE
STORE Store 0057-2
Voo +5V
Vss Ground
NC No Connect
May 1987




X2210M

ABSOLUTE MAXIMUM RATINGS*

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

—65°Cto +135°C
—65°Cto +150°C

Respectto Ground............... c...—1.0Vto +7V
D.C.OutputCurrent . . .......oovein i, 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

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

Symbol Parameter Limits Units Test Conditions
Min. Max.
lcc Power Supply Current 55 mA All Inputs = Voo
liyo = O mA
L Input Load Current 10 HA Vin = GND to Vg
ILo Output Leakage Current 10 HA Vout = GND to Vg
ViL Input Low Voltage —-1.0 0.8 \
ViH Input High Voltage 2.0 Voe +1.0 \
VoL Output Low Voltage 0.4 \ loL = 4.2mA
VoH Output High Voltage 24 v loH = —2mA
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
CiyotM Input/Output Capacitance 8 pF Vijo = 0OV
CinM Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V Inputs Input Output
— 170 Mode
Input Rise and 10ns CS|WE | ARRAY RECALL | STORE
Fall Times Hi X H H |Output High Z [Not Selected(2
Input and Output 15V L|H H H |OutputData |Read RAM
Timing Levels
L} L H H |Input Data High | Write “1” RAM
o Load 1 TTL Gate and
utput Loal CL = 100 pF L|L H H |input Data Low |Write “0” RAM
X|H L H  |Output High Z |Array Recall
H| X L H Output High Z | Array Recall
X|H H L |Output HighZ |Nonvolatile Storing(3)
H|[ X H L  {OutputHigh Z |Nonvolatile Storing(3)

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

(3) STORE =
(STORE = X

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




X2210M

A.C. CHARACTERISTICS

Ta = —55°C to +125°C, Voo = +5V £10%, unless otherwise specified.
Read Cycle Limits
Symbol Parameter Min. Max. Units
trc Read Cycle Time 300 ns
ta Access Time 300 ns
tco Chip Select to Output Valid 200 ns
toH Output Hold from Address Change 50 ns
tLz Chip Select to Output in Low Z 10 ns
thz Chip Deselect to Output in High Z 10 100 ns
Read Cycle
ADDRESS X xXC
- .A —
s ) —
——(lz P—-tou | j—tuz—a
HiZ
DATA 170 K DATA VALID —
0057-3




X2210M

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 300 ns
tow Chip Select to End of Write 150 ns
tas Address Setup Time 50 ns
twp Write Pulse Width 150 ns
twR Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
tbH 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
cs \ N N A7/ A
<_tA$ — WP’ > .wn_‘
WE AN X
<a—tpw—>| ton
DATA IN DATA VALID
twz - tow -
DATA OUT

0057-4
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X2210M

Early Write Cycle
ADDRESS X X
cs \P .4
———1 s g—— |
WE NOANR A
——lpy—| ton |e—
DATA IN DATA VALID
HIGH Z
DATA OUT
0057-5
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
————tgrp————— o P |
STORE
IR N LT T 77N T 77X
—| tgrz -—— —| tosT |
DATA 1/0 =2 f, < K
0057-6

1-21



X2210M

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
trce Array Recall Cycle Time 1200 ns
trop Recall Pulse Width(4) 450 ns
trcz Recall to Output in High Z 150 ns
torc Output Active from End of Recall 10 ns
tARC Recalled Data Access Time from End of Recall 750 ns
Array Recall Cycle
ADDRESS MK XXX KK ADDRESSES VALID X
ARRAY RECALL \ 4
SSONOAN NN NNNNN /
- 1 |
—»| tacz |w-— ——»| topc je—
DATA 170 HIGHZ DATA UNDEFINED DATA VALID )—
0057-7

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

1-22




X2210M

PIN DESCRIPTIONS AND DEVICE OPERATION
Addresses (Ag-A5s)

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

Chip Select (CS)

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

Write Enable (WE)

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

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

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

STORE

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

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

ARRAY RECALL

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

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

WRITE PROTECTION

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

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

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

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

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or typical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide during data changes, Xicor NOVRAMs are de-
signed to minimize the number of changes an E2PROM
bit cell undergoes during store operations. Only those
bits in the E2PROM that are different from their corre-
sponding location in the RAM will be “cycled” during a
nonvolatile store. This characteristic reduces unneces-
sary cycling of any of the rest of the bits in the array,
thereby increasing the potential endurance of each bit
and increasing the potential endurance of the entire ar-
ray. Reliability data documented in RR504, the Xicor
Reliability Report on Endurance, and additional reports
are available from Xicor.

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
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
ﬁ_ from Low to from Low to
High High
May change Will change
“__ from High to from High to
Low Low
Don't Care: Changing :
XM Changes State Not
Aliowed Known
Center Line
WL v is High
Impedance

1-23



X2210M

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Access Time
vs. Ambient Temperature

NORMALIZED lgc

1.4

\ Vee=5.0V
1.2

0.8

N

0.6
~55

+25 +125
AMBIENT TEMPERATURE (°C)

0057-8

NORMALIZED Ty

1.50

Vee =y

1.25

1.00

[=]
N
3

N

0.50
=55

+25 +125
AMBIENT TEMPERATURE (°C)

0057-9
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®
Commercial X2212 :
1K Industrial X2212I 256 x 4 Bit
Nonvolatile Static RAM
FEATURES in all Xicor 5V nonvolatile memories. The X2212 fea-
* Single 5V Supply tures the JEDEC approved pinout for 4-bit-wide memo-

¢ Fully TTL Compatible

¢ Infinite E2PROM Array Recall, RAM Read
and Write Cycles

® Access Time of 300 ns Max.

¢ Nonvolatile Store Inhibit: Voo = 3V Typical

¢ 100 Year Data Retention

e JEDEC Standard 18-Pin Package

DESCRIPTION

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

ries, compatible with industry standard RAMs.

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

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

PIN CONFIGURATION
———

a [ 18] e

I 17[ ] A

a3 18] ]As

A |a 15[ 1o,

a[{s x2212 1a[ |ro,

A ls 1310,

s} 12[_Jwo

vss[]8 [ ]WE

STORE[_|9 o[ JARAY
0058-1
PIN NAMES

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

FUNCTIONAL DIAGRAM

NONVOLATILE
E?PROM 23

Ao

ROW
SELECT

' STATIC RAM
MEMORY ARRAY

i

STORE
+— Vo
RECALL
<+ Vss

COLUMN
1/0 CIRCUITS

o,

110,

COLUMN SELECT
110, :

110,

Sy

0058-2

May 1987
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X2212, X2212|

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias

X2212 —10°C to +85°C
—65°C to +135°C
—65°C to +150°C

X2212] ot
Storage Temperature
Voltage on any Pin with

Respectto Ground . ,...................... -1.0Vto +7V
D.C.OutputCurrent..........c.ooiiiiiiiiiinnennn... 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

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

Symbol Parameter X2212 Limits X22121 Limits Units Test Conditions
Min. Max. Min. Max.
lcc Power Supply Current 60 70 mA | Alllnputs = Vgg
liyo = 0mA
I Input Load Current 10 10 RA Vin = GND to Vg
Lo Output Leakage Current 10 10 pA VouTt = GND to Ve
ViL Input Low Voltage —1.0 0.8 —-1.0 0.8 \
ViH Input High Voltage 2.0 Ve +1.0 2.0 Vg +1.0 \
VoL Output Low Voltage 0.4 0.4 \" loL=42mA
VoH Output High Voltage 24 24 \" loH = —2mA
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vgg = 5V
Symbol Test Max. Units Conditions
CiyotM Input/Output Capacitance 8 pF Vijo = 0V
cinm Input Capacitance 6 pF ViN = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V _ Inputs InputI /%utput Mode
Input Bise and 10ns CS|WE|ARRAY RECALL |STORE
Fall Times H x H H |OutputHighZ |Not Selected(®
'T"i;‘:;g"l_i\%f;p“t 15V L] H H H |OutputData |Read RAM
Output Load 1 TTL Gate and t t : : :nput Data High Wr!te “1 - RAM
C_ = 100 pF nput Data Low | Write “0” RAM
X|H L H Output High Z | Array Recall
H| X L H Output High Z | Array Recall
X|H H L |Output High Z |Nonvolatile Storing(3)
H| X H L  |Output High Z |Nonvolatile Storing(3)

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

(3) STORE =
(STORE = X)

L is required only to initiate the store cyc]e, after which the store cycle wiill be automatically completed

1-26



X2212, X22121

A.C. CHARACTERISTICS

X2212 Tp = 0°C to +70°C, Vgg = +5V £10%, unless otherwise specified.
X2212| Tp = —40°C to +85°C, Vo = +5V £10%, unless otherwise specified.

Read Cycle Limits

Symbol Parameter Min. Max. Units
tro Read Cycle Time 300 ns
ta Access Time 300 ns
tco Chip Select to QOutput Valid 200 ns
toH Output Hold from Address Change 50 ns
tLz Chip Select to Output in Low Z 10 ns
thz Chip Deselect to Output in High Z 10 100 ns
Read Cycle
ADDRESS X xX
- ta >
(13 \\<—|C°—>
—t [—t ol — -tz ]
DATA 170 K DATA VALID LA
0058-3
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X2212, X2212I

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 300 ns
tow Chip Select to End of Write 150 ns
tas Address Setup Time 50 ns
twp Wirite Pulse Width 150 ns
twr Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
tou Data Hold Time X2212 0 ns

X2212l 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 )L )Q
cs NOh ) ALLAS
———tp— | twe > tyyp >
WE AN e
|[<«—tpw—»| ton |[e—
DATA IN DATA VALID
hﬂz auw‘)‘

DATA OUT

0058-4
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X2212, X2212I

Early Write Cycle
- twe -
ADDRESS X X
cs NS L/
| g g~
WE NOANNR A
«——toy—»| ton |—
DATA IN DATA VALID
HIGH 2
DATA OUT
0058-5

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

——— tgrp———| T . o 1
STORE ———\ ——
N ’////),)////
—| iy | --—— | tost |[@—
DATA 170 2z '/ K
0058-6
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X2212, X2212l

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
trce Array Recall Cycle Time 1200 ns
tRcp Recall Pulse Width(4) 450 ns
trcz Recall to Output in High Z 150 ns
torc Output Active from End of Recall 10 ns
tarc Recalled Data Access Time from End of Recall 750 ns
Array Recall Cycle
ADDRESS K ADDRESSES VALID X
| e——————tgcp—————
ARRAY RECALL yd
S TN NN NS SS O /
—————tapc
—| trcz t@— ——| topc jt—o
DATA 1/0 HiGH 2 DATA UNDEFINED DATA VALID )—-—

0058-7

Note: (4) Array Recall rise time must be less than 1 ps.
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X2212, X2212i

PIN DESCRIPTIONS AND DEVICE OPERATION
Addresses (Ag—-A7)

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

Chip Select (CS)

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

Write Enable (WE)

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

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

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

STORE

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

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

ARRAY RECALL

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

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

WRITE PROTECTION

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

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

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

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

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or typical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide during data changes, Xicor NOVRAMs are de-
signed to minimize the number of changes an E2PROM
bit cell undergoes during store operations. Only those
bits in the E2PROM that are different from their corre-
sponding location in the RAM will be *“‘cycled” during a
nonvolatile store. This characteristic reduces unneces-
sary cycling of any of the rest of the bits in the array,
thereby increasing the potential endurance of each bit
and increasing the potential endurance of the entire ar-
ray. Reliability data documented in RR504, the Xicor
Reliability Report on Endurance, and additional reports
are available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2212
X2212] 10,000 1,000
X2212/5
X22121/5 50,000 5,000
X2212/10
X22121/10 100,000 10,000
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ_ from Low to from Low to
High High
May change Will change
“_ from High to from High to
Low Low
Don't Care: Changing :
m Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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X2212, X2212I

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Access Time
vs. Ambient Temperature

NORMALIZED Ic¢
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Vee=5.0V |

1.0

0.7

0.4
=55

+25 +125
AMBIENT TEMPERATURE (°C)

0058-8

NORMALIZED Tjpp

1.8
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1.4

0.6

0.2
=55
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0058-9
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iLor

®

1K Military X2212M 256 x 4 Bit
Nonvolatile Static RAM

FEATURES in all Xicor 5V nonvolatile memories. The X2212 fea-

® Single 5V Supply

e Fully TTL Compatible

¢ Infinite E2PROM Array Recall, RAM Read
and Write Cycles

e Access Time of 300 ns Max.

© Nonvolatile Store Inhibit: Voc = 3V Typical

® 100 Year Data Retention

¢ JEDEC Standard 18-Pin Package

DESCRIPTION

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

tures the JEDEC approved pinout for 4-bit-wide memo-
ries, compatible with industry standard RAMs.

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

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

PIN CONFIGURATION

A7E
A |2
a3
A ta
al]
AOE
&[]
Ves [

SToRE[_|

As
1/04
1/0s
V0.
/0,
WE

ARRAY
RECALL

0059-1

FUNCTIONAL DIAGRAM

NONVOLATILE
oM

ROW
SELECT

v IC RAM
MEMORY ARRAY

STORE
«—— Voo

RECALL
- Vss

COLUMN
1/0 CIRCUITS

110,

1o,

PIN NAMES 10,
Ag-Az Address Inputs 10,
1/01-1/04 Data Inputs/Outputs rﬁ
WE Write Enable r<H
CS Chip Select - —<
ARRAY RECALL Array Recall & B
STORE Store WE
Veo +5V 0059-2
Vss Ground
NC No Connect
May 1987
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X2212M

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°Cto +125°C, Voo = +5V £10%, unless otherwise specified.

—65°C to +135°C
—65°C to +150°C

—1.0Vto +7V
5mA

*COMMENT

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

Symbol Parameter Limits Units Test Conditions
Min. Max.
lcc Power Supply Current 70 mA All Inputs = Voo
liyo=0mA
I Input Load Current 10 rA ViN = GND to Voo
ILo Output Leakage Current 10 RA Vout = GND to V¢
ViL Input Low Voltage -1.0 0.8 \'
ViH Input High Voltage 2.0 Ve +1.0 \'
VoL Output Low Voltage 0.4 \' loL=4.2mA -
VoH Output High Voltage 24 \ loH= —2mA
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vo = 5V
Symbol Test Max. Units Conditions
G0t Input/Output Capacitance 8 pF Vijo = OV
o Input Capacitance 6 pF ViN = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V _ Inputs InputI /%utput Mode
Input Rise and 10ns CS|WE | ARRAY RECALL |STORE
Fall Times H x H H |OutputHighZ |Not Selected(®
'T"iz:;;':_ivoe‘:;p”t 1.5V L[ H H H |OutputData |Read RAM
D igh| Write “1” RAM
Output Load éTT_L ﬁ,aote and :: t : : ::PU: Da:a TO?N ari:: :J RAM
L= pF put Data
X|H L H  |Output High Z |Array Recall
H| X L H Output High Z | Array Recall
X|H H L  |OutputHigh Z |Nonvolatile Storing(3)
H| X H L |Output High Z |Nonvolatile Storing(3)

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

(3) STORE
(STORE

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

automatically compieted
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X2212M

A.C. CHARACTERISTICS
Ta = —55°Cto +125°C, Voo = +5V £10%, unless otherwise specified.

Read Cycle Limits

Symbol Parameter Min. Max. Units
tre Read Cycle Time 300 ns
A Access Time 300 ns
tco Chip Select to Output Valid 200 ns
toH Output Hold from Address Change 50 ns
tLz Chip Select to Outputin Low Z 10 ns
tHz Chip Deselect to Output in High Z 10 100 ns
Read Cycle
ADDRESS X X
- th—————
cs T Y——tco——>
— 2 lt—ton—| |w—tuz
DATA 170 K DATA VALID nz
0059-3
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X2212M

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 300 ns
tow Chip Select to End of Write 150 ns
tas Address Setup Time 50 ns
twp Write Pulse Width 150 ns
tWR Write Recovery Time 25 ns
tow Data Valid to End of Write 100 ns
tbH 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 ) @ D,
cs O y. Y.V
“—"Aa > |- ‘wr > ‘*.wnL
WE \ NN //
—tpy—»| tDH |[——
DATA IN DATA VALID
twz tow >
DATA OUT

0059-4
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X2212M

Early Write Cycle

ADDRESS j( X

———1tcw >|-twn
cs RN V.94
| ———tps—|
we AN e
——tpy—>| ton |e—
DATA IN DATA VALID XX
HIGH Z
DATA OUT
0059-5

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

o 1———‘ tgrp———> o L, g l
STORE
— X\ )/////gg////lr
—| tsz  |— —{ log7 |
DATA 170 ik F—OOOLXX K
0059-6




X2212M

Array Recall Cycle Limits

Symbol Parameter Min. Max. Units
treo Array Recall Cycle Time 1200 ns
trep Recall Pulse Width(4) 450 ns
trcz Recall to Output in High Z 150 ns
torc Output Active from End of Recall 10 ns
tARC Recalled Data Access Time from End of Recall 750 ns

Array Recall Cycle

il t. i
ADDRESS AKX KN XXX ADDRESSES VALID
ARRAY RECALL k AV
S N AN N NN ANANNN /
<"-_"——-1Aﬂl:——'-—'>
—| tacz [@— —| topc |w——
DATA 1/0 HIGHZ DATA UNDEFINED DATAVALID o

0059-7

Note: (4) Array Recall rise time must be less than 1 us.
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X2212M

PIN DESCRIPTIONS AND DEVICE OPERATION
Addresses (Ag-A7)

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

Chip Select (CS)

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

Write Enable (WE)

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

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

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

STORE

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

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

ARRAY RECALL

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

An array recall has priority over RAM read/write opera-
tions and will terminate both operations when ARRAY
RECALL is asserted. ARRAY RECALL L.OW 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.

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

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

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

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or typical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide during data changes, Xicor NOVRAMs are de-
signed to minimize the number of changes an E2PROM
bit cell undergoes during store operations. Only those
bits in the E2PROM that are different from their corre-
sponding location in the RAM will be *“cycled” during a
nonvolatile store. This characteristic reduces unneces-
sary cycling of any of the rest of the bits in the array,
thereby increasing the potential endurance of each bit
and increasing the potential endurance of the entire ar-
ray. Reliability data documented in 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
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
ﬁ_ from Low to from Low to
High High
May change Will change
—“_ from High to  from High to
Low Low
Don't Care: Changing :
M Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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X2212M

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Access Time
vs. Ambient Temperature

1.6
Vee=5.0V
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N
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<
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o
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!
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icor

®
Commercial X2001 .
1K industrial X2001 128 x 8 Bit
Nonvolatile Static RAM
FEATURES is fabricated with the same reliable N-channel floating

® Nonvolatile Data Integrity

¢ Automatic Store Timing

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

¢ Enhanced Store Protection

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

¢ Single 5V Supply

® 100 Year Data Retention

® Fast Access Time: 200 ns Max.

e Automatic Recall on Power-Up

e JEDEC Approved Byte-Wide Pinout

DESCRIPTION

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

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

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

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

PIN CONFIGURATION

0051-1

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

FUNCTIONAL DIAGRAM

NONVOLATILE
E2PROM

MEMORY
ARRAY

WS

iz

i i

©

RN NN

SIS

STATIC RAM
MEMORY ARRAY

ROW
SELECT

S

CONTROL
LOGIC

COLUMN
1#0 CIRCUITS

TITATLTLT

COLUMN SELECT

0051-2

1-41

May 1987




X2001, X2001I

ABSOLUTE MAXIMUM RATINGS*

01 .o —10°C to +85°C
X20011 —65°Cto +135°C

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

RespecttoGround . ....................... —-1.0Vto +7V
D.C.OutputCurrent..........cooiivninenninanenanns 5mA

Lead Temperature
(Soldering, 10 Seconds)

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

X2001 Tp = 0°C to +70°C, Voo = +5V 5%, unless otherwise specified.

X20011 To = —40°C to +85°C, Voo = +5V +10%, unless otherwise specified.
Symbol Parameter X2001 Limits X20011 Limits Units Test Conditions
Min. Max. Min. Max.
Icc Ve Current (Active) 80 100 mA | CE = V|,
Ali Other Inputs = Vcg
liyo = OmA
Isg Ve Current (Standby) 50 65 mA | All Inputs = Vg
llyo = OmA
Iy Input Leakage Current 10 10 pA | Vin= GNDto Vge
Lo Output Leakage Current 10 10 pA | Vouyt = GND to Vg
ViL Input Low Voltage -1.0 0.8 —-1.0 0.8 \"
VIH Input High Voltage 2.0 Voo +0.5 2.0 Vee +1.0 \"
VoL Output Low Voltage 0.4 0.4 \" loL=2.1mA
VoH Output High Voltage 24 24 \" loy = —400 uA
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Cisoth Input/Output Capacitance 10 pF Vio = OV
Cin Input Capacitance 6 pF VIN = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE | WE | NE | OF Mode /0 Power
Input Rise and 10ns H X X X | Not Selected Output High Z Standby
Fall Times L| H|H| L |ReadRAM OutputData | Active
Input and Output 1.5V Ll L | H][ x| write*“Ram Input Data High | Active
Timing Levels
L L H X | Write “0” RAM Input Data Low | Active
o L 1 TTL Gate and -
utput Load C = 100 pF L | H ]| L} L |ArayRecal OutputHigh Z | Active
L L L H | Nonvolatile Storing | Output HighZ | Active
L H H H | Output Disabled Output High Z Active
L L L L | Not Allowed Output High Z | Active
L H L H | No Operation OutputHighZ | Active

Note: (1) This parameter is periodically sampled and not 100% tested.
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X2001, X2001I

A.C. CHARACTERISTICS

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

Read Cycle Limits

X2001-20 X2001-25 X2001
Symbol Parameter X20011-20 X20011-25 X20011 Units
Min. Max. Min. Max. | Min. | Max.
trc Read Cycle Time 200 250 300 ns
tce Chip Enable Access Time 200 250 300 ns
taA Address Access Time 200 250 300 ns
toe Output Enable Access Time 70 100 150 ns
tLz Chip Enable to Output in Low Z 10 10 10 ns
tyz(2) Chip Disable to Qutput in High Z 10 100 10 100 10 100 ns
toLz Output Enable to Output in Low Z 10 10 10 ns
tonz@ Output Disable to Output in High Z 10 100 10 100 10 100 ns
ton Output Hold from Address Change 0 0 0 ns
Read Cycle
[ the -
ADDRESS D’t ) & X

. ——tce————

CE — D O

. —1og —»

OE "“——'\\ .

. _Vm

WE -t z— tonz

—»| to 7 | — taz
DATA 170 —HZ K DATA VALID
0051-3

Note: (2) tyz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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X2001, X20011

Write Cycle Limits
X2001-20 X2001-25 X2001
Symbol Parameter X20011-20 X20011-25 X2001I Units
Min. Max. Min. Max. Min. Max.
twe Write Cycle Time 200 250 300 ns
tow Chip Enable to End of Write input 200 250 300 ns
tas Address Setup Time 0 0 0 ns
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
toH Data Hold Time 0 0 0 ns
twz Write Enable to Output in High Z 10 100 10 100 10 100 ns
tow Output Active from End of Write 10 10 10 ns
toz Output Enable to Output in High Z 10 100 10 100 10 100 ns
WE Controlled Write Cycle
ADDRESS ), & X
o LLLLLLS AOOONNANNDN
CE WX LN LS
! | ' .
e -
toz D——
<1—hw—'1,
DATA OUT > < i
AVAVA N M W
| toy ———-]
DATA IN i DATA VALID j(

0051-4

CE Controlled Write Cycle

ADDRESS X — ) ¢
OE v,
8 SNOOUONNNANNND L7
wE —\ 3 L
DATA OUT S S>> \V§)j\,—;|lf ) VA 4
DATA IN |x- D::”A VALID *

0051-5
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X2001, X20011

Store Cycle Limits

X2001-20 X2001-25 X2001
X20011-20 X20011-25 X20011 Units
Symbol Parameter
Min. Max. Min. Max. | Min. | Max.
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
toesT Output Enable from End of Store 10 10 10 ns
tsoe OE Disable to Store Function 20 20 20 ns
tns NE Setup Time from WE 0 0 0 ns
Store Cycle
tstc
tsp P
T3 3 7
NE \ L7700/
- tsop ™ toesT™
{ ¢
ﬁ LR \
em— { ¢
WE \ L
- {NS — { C
cE L0 )
™ tNHz ::I
DATA 1/0 —<: ) — ¢ {
Vee \vcC MIN (3)
0051-6

Note: (3) X200t Vg Min. = 4.75V
X20011 Vgg Min. = 4.5V

1-45



X2001, X20011

Array Recall Cycle Limits

X2001-20 X2001-25 X2001
Symbol Parameter X20011-20 X20011-25 X20011 Units
Min. Max. Min. Max. | Min. | Max.
trce Array Recall Cycle Time 5.0 5.0 5.0 us
trcp Recall Pulse Width to Initiate Recall 120 150 200 ns
thwe WE Setup Time to NE 0 0 0 ns
Array Recall Cycle
tree
ADDRESS
trep
NE NN 4//
3 INNANS 170/ AANNNNNVZ
trwE ™
WE
& NN\ 10/ PANNNNNY
V0 7 7\ N
DATA 1/0 O
0051-7
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X2001, X2001I

PIN DESCRIPTIONS

Addresses (Ag-Ag)

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

Chip Enable (CE)

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

Output Enable (OE)

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

Data In/Data Out (1/0¢-1/07)

Data is written to or read from the X2001 through the
I/0 pins. The I/O pins are placed in the high imped-
ance state when either CE or OE is HIGH or when NE
is LOW.

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

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

DEVICE OPERATION

The CE, OE, WE and NE inputs control the X2001 op-
eration. The X2001 byte-wide NOVRAM uses a 2-line
control architecture to eliminate bus contention in a
system environment. The 1/0 bus will be in a high im-
pedance state when either OE or CE is HIGH, or when
NE is LOW.

RAM OPERATIONS

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

requires CE and OE to be LOW with WE and NE HIGH.
A write operation requires CE and WE to be LOW with
NE HIGH. There is no limit to the number of read or
write operations performed to the RAM portion of the
X2001.

NONVOLATILE OPERATIONS

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

POWER-UP RECALL

Upon power-up (Vco), the X2001 performs an automat-
ic array recall. When Vg minimum is reached, the re-

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

WRITE PROTECTION

The X2001 has three write protect features that are
employed to protect the contents of both the nonvola-
tile memory and the RAM.

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

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

® Write Inhibit—Holding either OE LOW, WE HIGH, CE
HIGH or NE HIGH during power-up or power-down,
will prevent an inadvertent store operation.
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X2001, X2001I

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or typical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide during data changes, Xicor NOVRAMs are de-
signed to minimize the number of changes an E2PROM
bit cell undergoes during store operations. Only those
bits in the E2PROM that are different from their corre-
sponding location in the RAM will be “cycled” during a
nonvolatile store. This characteristic reduces unneces-

sary cycling of any of the rest of the bits in the array,
thereby increasing the potential endurance of each bit
and increasing the potential endurance of the entire ar-
ray. Reliability data documented in RR504, the Xicor
Reliability Report on Endurance, and additional reports
are available from Xicor.

Part Number Store Cycles Data Cha_n ges
Per Bit
X2001 100,000 10,000
X20011 100,000 10,000
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ_ from Low to from Low to
High High
May change Will change
“_ from High to  from High to
Low Low
Don't Care: Changing :
M Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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X2001, X2001I

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature
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icor

®
Commercial X2004 .
K Industrial X20041 512x8Bit
Nonvolatile Static RAM
FEATURES is fabricated with the same reliable N-channel floating

¢ Nonvolatile Data Integrity

e Automatic Store Timing

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

¢ Enhanced Store Protection

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

® Single 5V Supply

® 100 Year Data Retention

o Fast Access Time: 200 ns Max.

¢ Automatic Recall on Power-Up

¢ JEDEC Approved Byte-Wide Pinout

DESCRIPTION

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

gate MOS technology used in all Xicor 5V programma-
ble nonvolatiie memories. The X2004 features the
JEDEC approved pinout for byte-wide memories, com-
patible with industry standard RAMs, ROMs, EPROMs
and E2PROMs.

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

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

PIN CONFIGURATIONS
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X2004, X2004I

ABSOLUTE MAXIMUM RATINGS*

..—10°C to +85°C

X2004! ........... .. .—65°Cto +135°C
Storage Temperature e ..—65°Cto +150°C
Voltage on any Pin with

RespecttoGround........................ —1.0Vto +7V
D.C.OutputCurrent . ..ot it iiii e 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

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

Symbol Parameter X2004 Limits X2004! Limits Units Test Conditions
Min. Max. Min. Max.
lcc V¢e Current (Active) 100 120 mA | CE =V,
All Other Inputs = V¢
liyo = 0 mA
Isg Vg Current (Standby) 55 90 mA | Allinputs = Vg
liyo = 0 mA
1] Input Leakage Current 10 10 pA | Vin = GNDto Voo
Lo Output Leakage Current 10 10 rA | Voutr = GNDto Vcg
ViL Input Low Voltage -1.0 0.8 ~1.0 0.8 %
ViH Input High Voltage 2.0 Vgg +0.5 2.0 Ve +1.0 \"
VoL Output Low Voltage 0.4 0.4 \ loL = 2.1 mA
Vou Output High Voltage 24 24 \Y loH = —400 uA
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vg¢ = 5V
Symbol Test Max. Units Conditions
CyotM Input/Output Capacitance 10 pF Vijo = OV
Cint Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE | WE | NE | OE Mode 1/0 Power
Input Bise and 10ns H X X X | Not Selected Output High Z Standby
Fall Times L|{H|H]L]|ReadrAM OutputData | Active
'T':g‘i’;g"l_‘;?e‘;;p“t 1.5V L L | H]| x| wite“RaM Input Data High | Active
Output Load ] T_EL Gate and t |l-_| E )L( \:Irlte 0” RAM Input Dat'a Low Act!ve
CL = 100 pF rray Recall OutputHighZ | Active
L L L H | Nonvolatile Storing | Output High Z Active
L H H H | Output Disabled Output High Z Active
L L L L | Not Allowed Output High Z Active
L H L H | No Operation Output High Z Active

Note: (1) This parameter is periodically sampled and not 100% tested.
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X2004, X2004I

A.C. CHARACTERISTICS

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

Read Cycle Limits
X2004-20 X2004-25 X2004
Symbol Parameter X20041-20 X20041-25 X20041 Units
Min. Max. Min. Max. | Min. | Max.
trc Read Cycle Time 200 250 300 ns
tce Chip Enable Access Time 200 250 300 ns
taa Address Access Time 200 250 300 ns
toe Output Enable Access Time 70 100 150 ns
tLz Chip Enable to Output in Low Z 10 10 10 ns
thz(@ Chip Disable to Output in High Z 10 100 10 100 10 100 ns
toLz Output Enable to Output in Low Z 10 10 10 ns
tonz@ Output Disable to Output in High Z 10 100 10 100 10 100 ns
toH Output Hold from Address Change 0 0 0 ns
Read Cycle
|« th -
ADDRESS >'< X X
——tcg——
CE —\  —
N\ _/
——top—»
OE '—\\ O
— Vin
WE
|—t 7 — «—»{tonz
—» oz [ —» lon [w— - tuz
HIGH Z
DATA I/0 K DATA VALID DATA VALID
et p D]
0043-4

Note: (2) thz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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X2004, X20041

Write Cycle Limits

X2004-20 X2004-25 X2004
Symbol Parameter X20041-20 X2004I1-25 X2004I Units
Min. Max. Min. Max. | Min. | Max.
twe Write Cycle Time 200 250 300 ns
tcw Chip Enable to End of Write Input 200 250 300 ns
tas Address Setup Time 0 0 0 ns
twp Write Pulse Width 120 150 200 ns
twr Write Recovery Time 0 0 0 ns
tow Data Valid to End of Write 120 150 200 ns
tDH Data Hold Time 0 0 0 ns
twz Write Enable to Output in High Z 10 100 10 100 10 100 ns
tow Output Active from End of Write 10 10 10 ns
toz Output Enable to Output in High Z 10 100 10 100 10 100 ns
WE Controlled Write Cycle
ADDRESS K K_
o /LA TN
CE N NN\ )OI VI OII I
| 4 twr—
v N
toz
I~ 4‘—|ow—l1/kk
DATA OUT S>> ) K
| tow ||
DATA IN DATA VALID
0043-5
CE Controlled Write Cycle
A X X
OE v,

€8 NOONONNNRN Z
W‘E A twe-
_—__—)
DATA OUT > ‘]

DATA IN

Tou
oy ——|
DATA VALID

0043-6
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X2004, X20041

Store Cycle Limits

X2004-20 X2004-25 X2004
Symbol Parameter X20041-20 X20041-25 X20041 Units
Min. Max. Min. Max. | Min. | Max.
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
toesT Output Enable from End of Store 10 10 10 ns
tsoE OE Disable to Store Function 20 20 20 ns
tNS NE Setup Time from WE 0 0 0 ns
Store Cycle
tsrc
tsp e
— b
NE \ 1000
™~ tsoe o [Tloest™
O_E ) ‘\
— ¢
WE \ 77777 7
o tNS e} s—
CE \ ( 7 ; 7 ; 7 \
; tNHz :[
oaTA 1/0 —( ) —5 —
Vee \vcc MIN (3)
0043-7 '

Note: (3) X2004 V¢ Min. = 4.75V
X20041 Vg Min, = 4.5V
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X2004, X2004I

Array Recall Cycle Limits

X2004-20 X2004-25 X2004
Symbol Parameter X20041-20 X20041-25 X2004I Units
Min. Max. Min. Max. | Min. | Max.
trce Array Recall Cycle Time 5.0 5.0 5.0 us
trcp Recall Pulse Width to Initiate Recall 120 150 200 ns
tRwWE WE Setup Time to NE 0 0 0 ns
Array Recall Cycle
trec
ADDRESS
trep
NE NN y.I74
o ANANN 4 NNV
tRwE ™
WE
CANANANNAN )74 ALY
LTI
DATA I/0 — O

0043-8
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X2004, X2004l

PIN DESCRIPTIONS

Addresses (Ag-Ag)

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

Chip Enable (CE)

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

Output Enable (OE)

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

Data In/Data Out (I/0¢-1/07)

Data is written to or read from the X2004 through the
I1/0 pins. The 1/0O pins are placed in the high imped-
ance state when either CE or OE is HIGH or when NE
is LOW.

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

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

DEVICE OPERATION

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

RAM OPERATIONS

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

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

NONVOLATILE OPERATIONS

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

POWER-UP RECALL

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

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

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

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

® Voc Sense—All functions are inhibited when Vg is
<2v.

® Write Inhibit—Holding either OE LOW, WE HIGH, CE
HIGH or NE HIGH during power-up or power-down,
will prevent an inadvertent store operation.
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X2004, X2004l

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or typical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide during data changes, Xicor NOVRAMs are de-
signed to minimize the number of changes an E2PROM
bit cell undergoes during store operations. Only those
bits in the E2PROM that are different from their corre-
sponding location in the RAM will be “cycled” during a
nonvolatile store. This characteristic reduces unneces-

sary cycling of any of the rest of the bits in the array,
thereby increasing the potential endurance of each bit
and increasing the potential endurance of the entire ar-
ray. Reliability data documented in 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
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
ﬂ_ from Low to from Low to
High High
May change Will change
—&_ from High to from High to
Low Low
Don't Care: Changing :
m Changes State Not
Allowed Known
Center Line
M N/A is High
" Impedance
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X2004, X2004|

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature
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PRELIMINARY {INFORMATION

[ ]
iGO"
®

4K Military X2004M 512 x 8 Bit
Nonvolatile Static RAM
FEATURES is fabricated with the same reliable N-channel floating

¢ Nonvolatile Data Integrity

e Automatic Store Timing

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

¢ Enhanced Store Protection

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

¢ Single 5V Supply

¢ 100 Year Data Retention

¢ Fast Access Time: 200 ns Max.

e Automatic Recall on Power-Up

¢ JEDEC Approved Byte-Wide Pinout

DESCRIPTION

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

gate MOS technology used in all Xicor 5V programma-
ble nonvolatile memories. The X2004 features the
JEDEC approved pinout for byte-wide memories, com-
patible with industry standard RAMs, ROMs, EPROMs
and E2PROMs.

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

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

PIN CONFIGURATIONS

Ar NC NE NC Vec WE NC

X2004

(TOP VIEW)

FUNCTIONAL DIAGRAM

NONVOLATILE
E2PROM
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MEMORY ARRAY

o
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11O+ 1702 Vss NC /05 1/0a 1105 WE
0050-2 NE
0050-1 ::g!
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03
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X2004M

ABSOLUTE MAXIMUM RATINGS*
Temperature UnderBias.................. —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 Current
Lead Temperature

(Soldering, 10 Seconds)

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

*COMMENT

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

Symbol Parameter Limits Units Test Conditions
Min. Max.
lcc Vg Current (Active) 120 mA CE =V,
All Other Inputs = Vg
liyo=0mA
Isg Ve Current (Standby) 90 mA All Inputs = Vo
liyo = 0 mA
Iy Input Leakage Current 10 wA Vin = GND to Vo
Lo Output Leakage Current 10 HA VouTt = GND to Voo
ViL Input Low Voltage —-1.0 0.8 \"
ViH Input High Voltage 2.0 Voo +1.0 Vv
VoL Output Low Voltage 0.4 \" loL =21mA
VoH Output High Voltage 2.4 \ loy = —400 pA
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ciot" Input/Output Capacitance 10 pF Vijo = OV
Cin(M Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE | WE | NE | OE Mode 170 Power
Input Rise and 10ns H X X X | Not Selected Output High Z Standby
Fall Times L| H | H]| L |ReadRAM OutputData | Active
Input and Output 1.5V Ll L | H| X |writ“1RAM Input Data High | Active
Timing Levels
L L H X | Write “0” RAM Input Data Low | Active
Output Load 1 TTL Gate and - -
utpu CL = 100 pF L| H| L[ L [ArrayRecal Output HighZ | Active
L L L H | Nonvolatile Storing | Output High Z Active
L H H H | Output Disabled Output High Z Active
L L L L | Not Allowed Output High Z Active
L H L H | No Operation Output High Z Active

Note: (1) This parameter is periodically sampled and not 100% tested.
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X2004M

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

Read Cycle Limits

Symbol Parameter X2004M-25 X2004M Units
Min. Max. Min. Max.
trc Read Cycle Time 250 300 ns
tce Chip Enabie Access Time 250 300 ns
taa Address Access Time 250 300 ns
toe Output Enable Access Time 100 150 ns
tLz Chip Enable to Output in Low Z 10 10 ns
thz(@ Chip Disable to Output in High Z 10 100 10 100 ns
toLz Output Enable to OQutput in Low Z 10 10 ns
tonz@ Output Disable to Output in High Z 10 100 10 100 ns
toH Output Hold from Address Change 0 0 ns
Read Cycle
| th -
ADDRESS >l( X_ X
CE —\ —_—
N /
|—tog—»
,—

OE _\\

- Vin

WE

|t z— «—{tonz
—»| torz | —» tou >tz
HIGH Z
DATA 170 K DATA VALID DATA VALID
g
0050-4

Note: (2) tyz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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X2004M

Write Cycle Limits

LN LS

Symbol Parameter X2004M-25 X2004M Units
Min. Max. Min. Max.
twe Write Cycle Time 250 300 ns
tow Chip Enable to End of Write Input 250 300 ns
tas Address Setup Time 0 0 ns
twp 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 QOutput Enable to Output in High Z 10 100 10 100 ns
WE Controlled Write Cycle
ADDRESS X K

— tun—]
WE — #____ ¥
[~ 4—‘ow—>|/
DATA OUT S>> >=> K VA
[~ Loy it o
DATA IN DATA VALID
0050-5
CE Controlled Write Cycle
ADDRESS X X
(2 V.L\
- ANNNNRNNARNN Y YT7XT77777777
twr
we N %
twz tow
DATA OUT ——> > > aa
Iow-"'iub
DATA IN DATA VALID

0050-6
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X2004M

Store Cycle Limits

Symbol Parameter X2004M-25 X2004M Units
Min. Max. Min. Max.
tsTC Store Cycle Time 10 10 ms
tsp Store Pulse Width 150 200 ns
tNHZ Nonvolatile Enable to Output in High Z 100 100 ns
toEST Output Enable 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
Store Cycle
tstc
tsp (¢
NE \ L

™ tsoe [~ toesT
OE \

WE \ L7777
[ tns

® T\ 77777 7T\
- tnnz :l
oaTA 170 —(

—/

RS
-
.

-

-
~

Vee MIN(G3
Vee \ cc MIN(3)

0050-7

Note: (3) X2004M Voo Min. = 4.5V
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Array Recall Cycle Limits

Symbol Parameter X2004M-25 X2004M Units
Min. Max. Min. Max.
tRce Array Recall Cycle Time 5.0 5.0 us
tRcp Recall Pulse Width to Initiate Recall 150 200 ns
tRWE WE Setup Time to NE 0 0 ns
Array Recall Cycle
trec
ADDRESS
trep
NE A L/
o NRNNS Ll ANV
tRwe
WE
CANANNNNNNY 777 AN
LTIITITI
DATA 1/0 — eSSV

0050-8
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X2004M

PIN DESCRIPTIONS

Addresses (Ag-Ag)

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

Chip Enable (CE)

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

Output Enable (OE)

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

Data In/Data Out (1/09-1/07)

Data is written to or read from the X2004 through the
1/0 pins. The 1/0 pins are placed in the high imped-
ance state when either CE or OE is HIGH or when NE
is LOW.

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

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

DEVICE OPERATION

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

RAM OPERATIONS

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

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

NONVOLATILE OPERATIONS

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

POWER-UP RECALL

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

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

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

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

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

® Write Inhibit—Holding either OE LOW, WE HIGH, CE
HIGH or NE HIGH during power-up or power-down,
will prevent an inadvertent store operation.
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X2004M

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or typical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide during data changes, Xicor NOVRAMs are de-
signed to minimize the number of changes an E2PROM
bit cell undergoes during store operations. Only those
bits in the E2PROM that are different from their corre-
sponding location in the RAM will be “cycled” during a
nonvolatile store. This characteristic reduces unneces-

sary cycling of any of the rest of the bits in the array,
thereby increasing the potential endurance of each bit
and increasing the potential endurance of the entire ar-
ray. Reliability data documented in RR504, the Xicor
Reliability Report on Endurance, and additional reports
are available from Xicor.

Part Number Store Cycles . Cha_nges
Per Bit
X2004M 100,000 10,000
SYMBOL TABLE
WAVEFORM INPUTS QUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ_ from Low to from Low to
High High
May change Will change
-“_ from High to  from High to
Low Low
Don't Care: Changing :
M Changes State Not
Allowed Known
Center Line
K v is High
Impedance
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X2004M

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature
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Normalized Access Time
vs. Ambient Temperature
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icor

®
. Commercial X2444 .
256 Bit Industrial X2444| 16 x 16 Bit
Nonvolatile Static RAM
FEATURES DESCRIPTION

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

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

¢ TTL Compatible

¢ 16 x 16 Organization

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

¢ 8 Pin Mini-DIP Package

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 5V nonvolatile memories.

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

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

COPS™ is a trademark of National Semiconductor Corp.

PIN CONFIGURATION

FUNCTIONAL DIAGRAM

NONVOLATILE

E2PROM STORE

RECALL

ROW
DECODE

F Ly

controL [ RECALL(E)
LOGIC e _ STOREM

INSTRUCTION

COLUMN DOW@)

REGISTER DECODE

!

rr

INSTRUCTION s8I
DECODE COUNTER

]

\/
CE E 1 8 j Vee
sk[]2 7|_] 5ToRe
X2444
o[ {3 6 | ] RECALL
DO l: 4 5 Vss
0042-1
PIN NAMES e
CE Chip Enable s«
SK Serial Clock
DI Serial Data In
DO Serial Data Out
RECALL Recall
STORE Store
Vee +5V
Vss Ground

0042-2

May 1987
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ABSOLUTE MAXIMUM RATINGS*

N —10°C to +85°C
X2444] . ... —65°C to +135°C
Storage Temperature .................... —65°C to +150°C
Voltage on any Pin with
RespecttoGround........................ —1.0Vto +7V
D.C.OutputCurrent.........ccoiivviiiiniiiiiennnnnn, 5 mA
Lead Temperature
(Soldering, 10 Seconds) ........c.cvvevnienieennnn 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

X2444 Tp = 0°C to +70°C, Voo = +5V *5%, unless otherwise specified.
X24441 Tpo = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.

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

tested.

Symbol Parameter X2444 Limits X24441 Limits Units Conditions
Min. Max. Min. Max.
lcc Power Supply Current 15 25 mA All Inputs = Vg,
. lyo = 0 mA
Ist Sleep Current 7 10 mA
Isg Standby Current 10 15 mA CE = V)L
IsTO Store Current 12 15 mA
I Input Load Current 10 10 wA VIN = Vco
Lo Output Leakage Current 10 10 pA Vout = Vce
ViL Input Low Voltage —-1.0 0.8 -1.0 0.8 \
ViH Input High Voltage 2.0 Vee +0.5 20 Vee +1.0 \'
VoL Output Low Voltage 0.4 0.4 \ loL =24mA
VoH Output High Voltage 2.4 24 v loy = —0.8 mA
CAPACITANCE Tp = 25°C,f = 1.0 MHz, V¢ = 5V
Symbol Test Max. Units Conditions
Cisoth Input/Output Capacitance 8 pF Vizo = OV
Cin(M Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST
Input Pulse Levels 0V to 3.0V
ot e n
o o
Output Load 103-1" ﬁ)%ti:nd
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NONVOLATILE OPERATIONS

. BEARTT WRITE Previous
Operation STORE RECALL INST ENABLE RECALL
LATCH
Hardware Recall 1 0 NOP(2) X X
Software Recall 1 1 RCL X X
Hardware Store 0 1 NOP(2) SET True
Software Store 1 1 STO SET True
A.C. CHARACTERISTICS
X2444 Tp = 0°C to +70°C, Voo = +5V 5%, unless otherwise specified.
X2444] Tp = —40°Cto +85°C, Voo = +5V £10%, unless otherwise specified.
Read and Write Cycle Limits
Symbol Parameter Min. Max. Units
Fsk SK Frequency 1.0 MHz
tskH SK Positive Pulse Width 0.4 us
tskL SK Negative Puise Width 0.4 us
tbs Data Setup Time 0.4 us
tDH Data Hold Time 0.08 us
tpp1 SK 7 A\_ to Data 0 Valid 375 ns
tpp SK _#" to Data Valid 375 ns
tz Chip Enable to Output High Z 1.0 us
tces Chip Enable Setup 0.8 us
tceEH Chip Enable Hold 0.4 us
tcps Chip Deselect 0.8 us

Write Cycle

SK CYCLE #

sk " S

. f_/ toen teos
S P e

0042-3

Note: (2) NOP designates when the X2444 is not currently executing an instruction.
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Read Cycle
SI_( CYCLE # 6 7 8 9 10 n
w«w —/ N S
CE Vy Jlf-\
<top N
) v {
@ N R Y I YIRSy
teos 7‘ f—— t, ——nl
bo HIGH Z 5o )( D1 I - } HIGH Z
J
0042-4
Array Recall Cycle Limits
Symbol Parameter Min. Max. Units
trce Recall Cycle Time 25 us
trop Recall Pulse Width(3) 1.0 s
tRcz Recall to Output High Z 0.5 us
Recall Cycle
- !be L
[————————tacp
RECALL N
] e HIGH Z
‘Do
0042-5

Note: (3) Recall rise time must be <10 us.
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Store Cycle Limits

Symbol Parameter Min. Typ.(9 Max. Units
tsT Store Time 5 10 ms
tsTp Store Pulse Width 0.2 us
tstz Store To Output High Z 1.0 us
Vce Store Inhibit 3 \

Hardware Store

tgr——————»

B }. 7777

— i1z
HIGH Z
> 1]

4
—|
0042-6
Figure 1: RAM Read
L
e [// o N
SK 1 2 3 4 5 6 7 8 9 10 1" 12 22 23 24
o 1 XA XAaXAaXa) AES f[
1
HIGH Z
oo PX D1 X 22 X Ps X] [0:5X 01 X P15 X Do

0042-7

*Bit 8 of Read Instructions is Don’t Care

Note: (4) Typical values are for To = 25°C and nominal supply voltage.
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Figure 2: RAM Write

[l
ce /77 ) -

SK 1 2 3 4 5 6 7 8 9 10 1 21 22 23 24

o

0042-8

Figure 3: Non-Data Operations

CE {f/ \

SK 1 2 3 4 5 6 7 8

o /OGO X X e\

0042-9

TABLE 1: INSTRUCTION SET

Instruction Format, I3 14 o 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) 1AAAAQ011 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
register and places the X2444 in the standby low pow-
er 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 re-
sponse to a READ instruction.

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

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

DEVICE OPERATION

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

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

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

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

WRDS and WREN

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

up.

SLEEP

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

RCL and RECALL

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

STO and STORE

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

1. STO instruction issued or STORE input is LOW;

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

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

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

2-7
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WRITE

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

READ

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

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

WRITE PROTECTION

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

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

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

Power-Up Condition

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

Unknown Data Store

® Previous Recall Latch—The “previous recall” latch
must be reset after power-up and after exiting the
sleep mode. It may be reset only by performing a re-
call operation, which assures that data in all RAM lo-
cations is valid.

LOW POWER MODES

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

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or typical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide 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 in-
creasing the potential endurance of each bit and in-
creasing the potential endurance of the entire array.
Reliability data documented in RR504, the Xicor Reli-
ability Report on Endurance, and additional reports are
available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2444 100,000 10,000
X2444| 100,000 10,000
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SYSTEM CONSIDERATIONS

Power-Down Data Protection

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

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

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

Power-On Recall

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

SYMBOL TABLE

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

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

Normalized Standby Supply Current
vs. Ambient Temperature
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256 Bit  Military X2444M 16 x 16 Bit

Nonvolatile Static RAM

FEATURES

® |deal for use with Single Chip
Microcomputers
—Static Timing
—Minimum 1/0 Interface
—Serial Port Compatible (COPS™™, 8051)
—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

¢ Low Power Dissipation
—Active Current: 25 mA Typical
—Store Current: 15 mA Typical
—Standby Current: 15 mA Typical
—Sleep Current: 10 mA Typical

¢ 8 Pin Mini-DIP Package

DESCRIPTION

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 5V nonvolatile memories.

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

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

COPS™ is a trademark of National Semiconductor Corp.

PIN CONFIGURATION FUNCTIONAL DIAGRAM
[\ |
CE E 1 8 b Vee :2’““:%“““ STORE
SKE 2 7 : STORE RECALL
X2444
o[ |3 s | _] RECALL 7 pow sTatc connoL. [+ FECAL®
DOC 4 5 ’:] Vss 256817 Loaic STOREM
0049-1 l—— j J
PIN NAMES cmeg:___. INSTRUCTION COLUMN Do)
CE Chip Enable s FEGISTER pecoDE
SK Serial Clock I r
DI Serial Data In I INSTRUCTION CD:J?:‘:EIJ
DO Serial Data Out i
RECALL Recall ]
STORE Store
Vee +5V 0049-2
Vss Ground
May 1987
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ABSOLUTE MAXIMUM RATINGS*
Temperature UnderBias.................. -65°C to +135°C

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

RespecttoGround. ...............oovennn. —-1.0Vto +7V
D.C.OutputCurrent...........oovviieiii ... 5mA
Lead Temperature

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

D.C. OPERATING

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

CHARACTERISTICS

*COMMENT

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

may affect device reliability.

Symbol Parameter Limits Units Conditions
Min. Max.
lcc Power Supply Current 25 mA All Inputs = Vgg,
liyo = 0mA

IsL Sleep Current 10 mA

Isg Standby Current 15 mA CE = VL

IsTo Store Current 15 mA '

I Input Load Current 10 pA ViN = Voo

ILo Output Leakage Current 10 pA Vout = Vcc

ViL Input Low Voltage -1.0 0.8 Vv

ViH Input High Voltage 20 Vee +1.0 \

VoL Output Low Voltage 0.4 \ loL = 24 mA

VoH Output High Voltage 24 \ loH = —0.8 mA

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

Symbol Test Max. Units Conditions
CiyoM Input/Output Capacitance 8 pF Viyo = OV
CiND Input Capacitance 6 pF ViN = OV

A.C. CONDITIONS OF TEST

Timing Levels

Input Pulse Levels 0V to 3.0V
Input Rise and

Fall Times 10ns
Input and Output 15V

Output Load

1 TTL Gate and
CL = 100 pF

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

tested.
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NONVOLATILE OPERATIONS

) — [ WRITE Previous
Operation STORE RECALL INST ENABLE RECALL
LATCH
Hardware Recall 1 0 NOP(2) X X
Software Recall 1 1 RCL X X
Hardware Store 0 1 NOP(2) SET True
Software Store 1 1 STO SET True
A.C. CHARACTERISTICS
Ta = —55°C to +125°C, Voo = +5V £10%, unless otherwise specified.
Read and Write Cycle Limits
Symbol Parameter Min. Max. Units
Fsk SK Frequency 1.0 MHz
tskH SK Positive Pulse Width 0.4 us
tskL SK Negative Pulse Width 0.4 us
tps Data Setup Time 0.4 us
toH Data Hold Time 0.08 us
tPD1 SK ™A to Data 0 Valid 375 ns
tpp SK _" to Data Valid 375 ns
tz Chip Enable to Output High Z 1.0 us
tces Chip Enable Setup 0.8 us
tcEH Chip Enable Hold 0.4 s
tcos Chip Deselect 0.8 us
Write Cycle

SK CYCLE #
SK

/N

o X [ R

Note: (2) NOP designates when the X2444 is not currently executing an instruction.

0049-3
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Read Cycle
SK CYCLE # 6 7 8 9 10 n
w« — T N
CE Vi A
<tpo Ne—
rd
¥ T O I I ISy A
M 2 top: [t 2 le—t—y
oo oo X D1 [ on ‘)—"-'G—HE
J
0049-~-4
Array Recalt Cycle Limits
Symbol Parameter Min. Max. Units
trce Recall Cycle Time 2.5 us
trcp Recall Puise Width(3) 1.0 s
trcz Recall to Output High Z 0.5 s
Recall Cycle
[ a—————————tpcp:
RECALL N
—m  tacz |
] HIGH Z

0049-5

Note: (3) Recall rise time must be <10 ps.
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Store Cycle Limits

Symbol Parameter Min. Typ.(4) Max. Units
tsT Store Time 5 10 ms
tsTP Store Pulse Width 0.2 us
tsTZ Store To Output High Z 1.0 us
Vee Store Inhibit 3 \

Hardware Store

B tor——»

—_—  tgrz

HIGH Z
Do Jl
! 0049-6
Figure 1: RAM Read
[
ce (77 /1 AN
SK 1 2 3 4 5 6 7 8 9 10 1 12 22 23 24
oI 1 XAXAXRAXA) T X x f[
1)
HIGH Z
po PoX O+ X P2 X Ds X[ [PrsX Pus X Ous X D

0049-7

*Bit 8 of Read Instructions is Don’t Care

Note: (4) Typical values are for T4 = 25°C and nominal supply voltage.
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Figure 2: RAM Write

CE {!/

SK 1

o1 PXAXAXAXANS /T X2 X 0 X0 P X P )X D X P\

0049-8

Figure 3: Non-Data Operations

CE f{/

SK 1 2

VRS €9 €9 €9 0 € e Ul

0049-9

TABLE 1: INSTRUCTION SET

Instruction Format, Iz 14 Iy Operation
WRDS (Figure 3) 1XXXX000 Reset Write Enable Latch (Disables writes and stores)
STO (Figure 3) 1XXXX001 Store RAM Data in E2PROM
SLEEP (Figure 3) 1XXXX010 Enter SLEEP Mode
WRITE (Figure 2) 1AAAAO11 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
register and places the X2444 in the standby low pow-
er mode.

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

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

Data Out (DO)

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

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

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

DEVICE OPERATION

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

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

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

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

WRDS and WREN

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

up.

SLEEP

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

RCL and RECALL

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

STO and STORE

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

1. STO instruction issued or STORE input is LOW;

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

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

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

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

READ

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

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

WRITE PROTECTION

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

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

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

Power-Up Condition

® Write Enable Latch—Upon power-up the “write en-

~able” latch is in the reset state, disabling any store
operation.

Unknown Data Store

® Previous Recall Latch—The *‘previous recall” latch
must be reset after power-up and after exiting the
sleep mode. It may be reset only by performing a re-
call operation, which assures that data in all RAM lo-
cations is valid.

LOW POWER MODES

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

ENDURANCE

The endurance specification of a device is character-
ized by the predicted first bit failure to occur in the en-
tire memory (device or system) array rather than the
average or fypical value for the array. Since endurance
is limited by the number of electrons trapped in the ox-
ide 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 in-
creasing the potential endurance of each bit and in-
creasing the potential endurance of the entire array.
Reliability data documented in RR504, the Xicor Reli-
ability Report on Endurance, and additional reports are
available from Xicor.

Data Changes
Part Number Store Cycles Per Bit
X2444M 100,000 10,000
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SYSTEM CONSIDERATIONS

Power-Down Data Protection

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

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

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

Power-On Recall

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

SYMBOL TABLE

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

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

Normalized Standby Supply Current
vs. Ambient Temperature

NORMALIZED Ic¢

1.50

\\ Veg=5.0V
1.25

1.00

0.75

N

0.50
=55

+25 +125
AMBIENT TEMPERATURE (°C)

0049-10

NORMALIZED Igg

1.50 \

Ve =50V

)
o

-
Q
S

0.75

~N

0.50
=55

+25

+125

AMBIENT TEMPERATURE (°C)

0049-11

2-20




[ ]
iIGOP
®

PRELIMINARY INFORMATION

Commercial X2402 .
2K Industrial X24021 256 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES DESCRIPTION
¢ Internally Organized 256 x 8 The X2402 is a 2048 bit serial E2PROM, internally or-
® 2 Wire Serial Interface ganized as one 256 x 8 page. The X2402 is fabricated
® Provides Bidirectional Data Transfer with the same reliable N-channel floating gate MOS
Protocol technology used in all Xicor 5V programmable nonvola-
¢ Eight Byte Page Write Mode tile memories.
—NMinimizes Total Write Time Per Byte The X2402 features a serial interface and software pro-
¢ Self Timed Write Cycle tocol allowing operation on a two wire bus.

—Typical Write Cycle Time of 5 ms
¢ Data Retention Greater Than 100 Years
® 8 Pin Mini-DIP Package

Xicor E2PROMSs are designed and tested for applica-
tions requiring extended endurance. Refer to RR504
for further endurance information. Data retention is
specified to be greater than 100 years.

PIN CONFIGURATION FUNCTIONAL DIAGRAM
| ® Vec
Ao E @ Vss — START CYCLE H.V. GENERATION
& CONTROL
A ]
) soa l START J
a ]
ves [] e
L | - az E2PROM
0035-1 @ se SLCA?}:IEEGAlg?ER“Ess XDEC P
A 1 LOAD e
PIN NAMES on ———1 1
M A ADDRESS
1103 Agto Ap Address Inputs ] 138 s| [ t “ 3
4 VSS AW L i YDEC I
5 SDA Serial Data .
6 SCL Serial Clock PIN = DATA REGISTER Dot
7 Test input — to Vgg ' ‘ Oour }
8 Voo r

0035-2
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X2402, X24021

ABSOLUTE MAXIMUM RATINGS*

e —10°C to +85°C
X2402l ... —65°Cto +135°C
Storage Temperature .................... —65°C to +150°C
Voltage on any Pin with
RespecttoVgg . .ooovvviiniiiiiiiiin.n. —-1.0Vto +7V
D.C.OutputCurrent.........oovitii i 5mA
Lead Temperature
(Soldering, 10 Seconds) ..........ccovvvivniunannnn. 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

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

Symbol Parameter X2402 Limits X24021 Limits Units| Test Conditions
Min. [Typ.(D{ Max. | Min.|Typ.(1)] Max.
lcc Power Supply Current 20 30 20 35 mA |fgoL = 100 KHz
Is Standby Current 15 25 15 30 mA
I Input Leakage Current 0.1 10 0.1 10 pA |Vin = GND to Vg
Lo Output Leakage Current 0.1 10 0.1 10 pA {Vout = GNDto Vg
Itp(®  |Test Pin Pull Down Current 16 30 16 30 pA |ViN = Voo
Wi {input Low Voltage —1.0 08 |-10 08 | V
Viy Input High Voltage 2.0 Vge +0.5[ 2.0 Vog +1.0| V
VoL Output Low Voltage 0.4 0.4 V |(loL=3mA
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vgg = 5V
Symbol Test Max. Units Conditions
Ci/0® Input/Qutput Capacitance (SDA) 8 pF Vijo = OV
CinG) Input Capacitance (Ag, A1, Az, SCL) 6 pF ViN = 0V
A.C. CONDITIONS OF TEST
Input Pulse Levels 0V to 3.0V
it e ane
Input and Output 15V

Timing Levels

1 TTL Gate and

Output Load CL = 100 pF

Notes: (1) Typical values are for Ty = 25°C and nominal sup-
ply voltage. )
(2) Test pin has on chip pull down device which sinks
16 pA (typical) to Vgg.

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

2-22



X2402, X2402]

A.C. CHARACTERISTICS

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

Read & Write Cycle Limits

Symbol Parameter Min. Max. Units
fscoL SCL Clock Frequency 0 100 KHz
T Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs
taA SCL Low to SDA Data Out 3.5 s
and ACK Out
tBUF Time the Bus Must be Free Before 4.7 us
a New Transmission Can Start
tHD:STA Start Condition Hold Time 4.0 ps
tlow Clock Low Period 47 us
tHIGH Clock High Period 4.0 us
tsu:sTA Start Condition Setup Time 4.7 ps
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 us
tsu:DAT Data In Setup Time 250 ns
R SDA and SCL Rise Time 1 us
te SDA and SCL Fall Time 300 ns
tsu:sTo Stop Condition Setup Time 47 s
toH Data Out Hold Time 300 ns
Write Cycle Limits
Symbol Parameter Min. Typ.®) Max. Units
twr Write Cycle Time 5 10 ms
The write cycle time is the time from a valid stop condi- bus interface circuits are disabled, SDA is allowed to
tion of a write sequence to the end of the internal remain high, and the device does not respond to its
erase/program cycle. During the write cycle, the X2402 slave address.
Bus Timing
t
- tiGH
tLow
SCL
tsu:sTa tup:sTA thp:paT
SDA
N / . .
b tan tou tgur
SDA
out
0035-3

Note: (4) Typical values are for Ty = 25°C and nominal supply voltage.
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Write Cycle Timing
SCL — — — — —
soAa """ —— “\_

WORD n
-—————twn
STOP START X2402
CONDITION CONDITION ADDRESS

0035-4

PIN DESCRIPTIONS

Serial Clock (SCL)

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

Serial Data (SDA)

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

Address (Ag, A1, Ag)

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

Figure 1: Data Validity

DEVICE OPERATION

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

Clock and Data Conventions

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

SDA

SCL

DATA STABLE

I

0035-5
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Figure 2: Definition of Start and Stop

START BIT

STOP BIT
0035-6

Start Condition

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

Stop Condition

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

Figure 3: Acknowledge Response from Receiver

Acknowledge

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

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

]
t
SCL FROM .

MASTER

|‘\

[\ e \UiSs

-

OUTPUT

—\ [ A

X

TRAP TTER

DATA

OUTPUT
FROM
RECEIVER

START

W

1

ACKNOWLEDGE
0035-7
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In the read mode the X2402 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X2402
will continue to transmit data. If an acknowledge is not
detected, the X2402 will terminate further data trans-
missions and await the stop condition.

DEVICE ADDRESSING

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

Figure 4: Slave Address

DEVICE TYPE
IDENTIFIER
P

T T T 1 T T T
[1 0 1 0 A2 A1 A0 R/WI
1 1 A L 4 1 i

DEVICE
ADDRESS

0035-8

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

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

Following the start condition, the X2402 monitors the
SDA bus comparing the slave address being transmit-
ted with its address (device type and state of Ag, A4
and Ao inputs). Upon a compare the X2402 outputs an
acknowledge on the SDA line. Depending on the state
of the R/W bit, the X2402 will execute a read or write
operation.

WRITE OPERATIONS

Byte Write

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

Page Write

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

After the receipt of each word, the three low order ad-
dress bits are internally incremented by one. The high
order five bits of the address remain constant. If the
master should transmit more than eight words prior to
generating the stop condition, the address counter will
“roll over” and the previously written data will be over-
written. As with the byte write operation, all inputs are
disabled until completion of the internal write cycle. Re-
fer to Figure 6 for the address, acknowledge and data
transfer sequence.
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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
SD‘ LI"E L LI A BN S BN A BN T
H_LJ—I I L l i I TS T T W | _] l_'l T S W | I_H-
BUS ACTIVITY: A A A
X2402 c c c
K K K
0035-9
Figure 6: Page Write
S
T s
BUS ACTIVITY: A SLAVE T
MASTER ? ADDRESS WORD ADDRESS (n) DATA N DATA n+1 DATA n+7 o
- P
SDA LINE El—l—l'—lllll ITIlrrr—rIIltlxlr]]|11|lxlll[—?m[:]
I 1 1) L FE IS N A A | i
. A A A A A
BUS ACTIVITY: c c c c c
X2402 K K K K K
0035-10
NOTE: in this example n = XXXX X000(B); X = 1 or0
Acknowledge Polling the slave adfiress is set to a one. There are three basic
The disabling of the inputs can be used to take advan- read operations: current address read, random read

tage of the typical 5 ms write cycle time. Once the stop ~ and sequential read.

co_ndition is. issued to indfcg‘te the er}d of the host’s Current Address Read

write operatngn the X2402, @.tlates.the mt_ernal W”t,e cy- Internally the X2402 contains an address counter that
cle. AC,K p_o lling can be |n|t|.a'ted immediately. This in- maintains the address of the last word accessed, incre-
volves issuing th.e start cqndnt;on followed by thg slave mented by one. Therefore, if the last access (either a
at':ldress for. a write qperatlon. If thg X2402 is still busy read or write) was to address n, the next read opera-
with the write operation no AQK will be_ returned. If th.e tion would access data from address n+1. Upon re-
X2402 has completed the write operation an ACK will ceipt of the slave address with R/W set to one, the

be returned and the host can then proceed with the  y5445 jssyes an acknowledge and transmits the eight
next read or write operation. bit word. The master does not acknowledge the trans-
READ OPERATIONS fer but does generate a stop condition and the X2402
discontinues transmission. Refer to Figure 7 for the se-

Read operations are initiated in the same manner as
P quence of address, acknowledge and data transfer.

write operations with the exception that the R/W bit of
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Figure 7: Current Address Read

S
T S
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS o
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BUS ACTIVITY: c DATA
X2402 K
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Random Read

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

Sequential Read

Sequential reads can be initiated as either a current ad-
dress read or random access read. The first word is
transmitted as with the other read modes, however, the
master now responds with an acknowledge, indicating
it requires additional data. The X2402 continues to out-
put data for each acknowledge received. The read op-
eration is terminated by the master not responding with
an acknowledge and generating a stop condition.

Figure 8: Random Read

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

ENDURANCE

Xicor E2PROMSs are designed and tested for applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMs is approximately
1, million cycles, as documented in RR504, the Xicor
Reliability Report on Endurance. Included in that report
is a method for determining the expected endurance of
the device based upon the specific application environ-
ment. RR504 and additional reliability reports are avail-
able from Xicor.

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 Eﬂ_ﬂ | l I I Isl I l l I l I l | U

J L SO S S W Y L Ldodod 1 i
A A A e e

BUS ACTIVITY: c c M DATA n
X2402 K K
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Figure 9: Sequential Read

S
BUS ACTIVITY: SLAVE A A A T
MASTER ADDRESS Cc Cc C (o]
B K K K P
——l—llﬁﬁ1lrTﬁIl—vlllllllllllflT‘Iq m
SDA LINE | [ T R S | U I W | NN T TR O R T N B I
A A —
BUS ACTIVITY: c DATA n DATA n+1 DATA n+2 DATA n+x
X2402 K
0035-15

Figure 10: Typical System Configuration

SDA

% Vee

SCL —4— 1 T 1 1 1
) | | 1 LT H ) I
MASTER SLAVE SLAVE MASTER MASTER
SMITTER TRANSMITTER/
’“:23&1925”’ RECEIVER Tn:gcsu:lsn ' TRANSMITTER RECEIVER
0035-16
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ- from Low to from Low to
High High
May change Will change
“_ from High to from High to
Low Low
Don't Care: Changing :
XXZXX Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature

NORMALIZED Igc
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0035-17
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0035-18

2-30




icor

Commercial X2404 .
4K Industrial X24041 512 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES DESCRIPTION

¢ Internally Organized as Two Pages The X2404 is a 4096 bit serial E2PROM, internally or-
—Each 256 x 8 ganized as two 256 x 8 pages. The X2404 is fabricated

o 2 Wire Serial Interface with the same reliable N-channel floating gate MOS

e Provides Bidirectional Data Transfer technology used in all Xicor 5V programmable nonvola-
Protocol tile memories.

¢ Eight Byte Page Write Mode The X2404 features a serial interface and software pro-
—Minimizes Total Write Time Per Byte tocol allowing operation on a two wire bus.

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

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Refer to RR504
for further endurance information. Data retention is

¢ 8 Pin Mini-DIP Package specified to be greater than 100 years.
PIN CONFIGURATION FUNCTIONAL DIAGRAM
d——w ® Ve
Ag 1 8 Vec (@) Vss o START CYCLE H.V. GENERATION
o ConTRoL
A []- 7| Test b oo [ l
X2404 R SSTTAgJ
A, E 3 6 j scL LOGIC
CONTROI
Ves E 4 5 j SDA LOGICL
— SLAVE ADDRESS
00411 6) scL ‘LREGISTER
o ——1
PIN NAMES el R |
1t03  Apto Az Address Inputs
4 Vss " s
5 SDA Serial Data PIN DATA REGISTER Sou
6 SCL Serial Clock 4t | Oour |
7 Test Input — to Vg r —
8 Vee 0041-2

May 1987
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ABSOLUTE MAXIMUM RATINGS* *COMMENT
Temperature Under Bias Stresses above those listed under ‘‘Absolute Maximum Rat-
X2404 ... —10°Cto +85°C ings” may cause permanent damage to the device. This is a
X2404] . ... oo ..—65°Cto +135°C stress rating only and the functional operation of the device at
Storage Temperature .................... —65°C to +150°C these or any other conditions above those indicated in the op-
Voltage on any Pin with erational sections of this specification is not implied. Exposure
RespecttoVgg . ..ovvvnvivniiine, —1.0Vto +7V to absolute maximum rating conditions for extended periods
D.C.QutputCurrent...........ooiiiiiiiiniinn 5mA may affect device reliability.
Lead Temperature
(Soldering, 10Seconds) .............ovuiia.a.. 300°C

D.C. OPERATING CHARACTERISTICS

X2404 Tp = 0°C to +70°C, Vo = +5V £5%, unless otherwise specified.
X24041 Tpo = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.

Symbol Parameter X2404 Limits X24041 Limits Units| Test Conditions
Min. |Typ.(1)| Max. |Min.|Typ.()| Max.
Icc Power Supply Current 20 30 20 35 mA |fgoL = 100 KHz
Is Standby Current 15 25 15 30 mA
Iy Input Leakage Current 0.1 10 0.1 10 rA |ViN = GND to Vg
ILo Output Leakage Current 0.1 10 0.1 10 pA [Voyt = GND to Ve
Itp(2 | Test Pin Pull Down Current 16 30 16 30 pA [VIN = Voo
ViL Input Low Voltage —-1.0 0.8 —1.0 0.8 A
ViH Input High Voltage 2.0 Vge +0.5| 2.0 Vge +1.01 V
VoL Output Low Voltage 0.4 0.4 V |loL=3mA
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ci/0® Input/Output Capacitance (SDA) 8 pF Vijo = OV
Cin® Input Capacitance (Ag, A1, Az, SCL) 6 pF VN = OV

A.C. CONDITIONS OF TEST

Input Pulse Levels 0V to 3.0V
Input Rise and

Fall Times 10ns
Input and Output 15V

Timing Levels

1 TTL Gate and

Output Load CL = 100 pF

Notes: (1) Typical values are for T = 25°C and nominal sup-
ply voltage.

(2) Test pin has on chip pull down device which sinks
16 pA (typical) to Vgs.

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

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

Read & Write Cycle Limits

Symbol Parameter Min. Max. Units
fsoL SCL Clock Frequency 0 100 KHz
T Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs
taa Sr(])dLA_g\};v g)u?DA Data Out 35 s
tguF Time the Bus Mugt be Free Before 47 1S
a New Transmission Can Start
tHD:STA Start Condition Hold Time 4.0 ns
tLow Clock Low Period 4.7 us
tHIGH Clock High Period 4.0 us
tsu-sTA Start Condition Setup Time. . 47 s
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 us
tsu:DAT Data In Setup Time 250 ns
tr SDA and SCL Rise Time 1 us
te SDA and SCL Fall Time 300 ns
tsu:sTO Stop Condition Setup Time 4.7 us
tpH Data Out Hold Time 300 ns

Write Cycle Limits

Symbol Parameter Min. Typ.(9 Max. Units

twr Write Cycle Time 5 10 ms
The write cycle time is the time from a valid stop condi- bus interface circuits are disabled, SDA is allowed to
tion of a write sequence to the end of the internal remain high, and the device does not respond to its

erase/program cycle. During the write cycle, the X2404 slave address.

Bus Timing

t ty

- thicH
tLow r j F—tLow r
scL N\

. ﬁl
A)
] eenae
tsuisTa tp:sTA tHD:DAT [+ tsu:paT tsu:sto
SDA |
N [ , ,
~— tom taur

l——-l tan
out XXXXXXXXXXXKKXXN X

0041-3

Note: (4) Typical values are for Ty = 25°C and nominal supply voltage.
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Write Cycle Timing
SCL — — — — —
soa "~ —7 \__

WORD n twe
STOP START X2404
CONDITION CONDITION ADDRESS

0041-4

PIN DESCRIPTIONS

Serial Clock (SCL)

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

Serial Data (SDA)

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

Address (Ag)
Ag is unused by the X2404, however, it must be tied to
Vgs to ensure 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 proto-
col. The protocol defines any device that sends data
onto the bus as a transmitter, and the receiving device
as the receiver. The device controlling the transfer is a
master and the device being controlled is the slave.
The master will always initiate data transfers, and pro-
vide the clock for both transmit and receive operations.
Therefore, the 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 indication start and stop conditions. Refer
to Figures 1 and 2.
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Figure 2: Definition of Start and Stop

START BIT

STOP BIT
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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 command until this condition has been met.

Stop Condition

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

Figure 3: Acknowledge Response from Receiver

Acknowledge

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

The X2404 will always respond with an acknowledge
after recognition of a start condition and its slave ad-
dress. If both the device and a write operation have
been selected, the X2404 will respond with an ac-
knowledge after the receipt of each subsequent eight
bit word.
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In the read mode the X2404 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X2404
will continue to transmit data. If an acknowledge is not
detected, the X2404 will terminate further data trans-
missions and await the stop condition.

DEVICE ADDRESSING

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

Figure 4: Slave Address

DEVICE TYPE
IDENTIFIER
r——! ettt
T T 1 T T L T
1010A2A1AOR/W|
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N—
DEVICE
ADDRESS

PAGE
SELECT

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

Following the start condition, the X2404 monitors the
SDA bus comparing the slave address being transmit-
ted with its address (device type and state of A1 and
Ay inputs). Upon a compare the X2404 outputs an ac-
knowledge on the SDA line. Depending on the state of
the R/W bit, the X2404 will execute a read or write
operation.

WRITE OPERATIONS

Byte Write

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

Page Write

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

After the receipt of each word, the three low order ad-
dress bits are internally incremented by one. The high
order five bits of the address remain constant. If the
master should transmit more than eight words prior to
generating the stop condition, the address counter will
“roll over” and the previously written data will be over-
written. As with the byte write operation, all inputs are
disabled until completion of the internal write cycle. Re-
fer to Figure 6 for the address, acknowledge and data
transfer sequence.
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Figure 5: Byte Write
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Figure 6: Page Write
S
T S
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS WORD ADDRESS (n) DATANn DATA n+1 DATA n+7 g
T g 2
LIS D B B LI I o 1 L B A B |
soawme G [1[7] | | | [ | [
1] A1 TR T N | TR O B TR T T 1 T
A N A
BUS ACTIVITY: a a ¢ e s
X2404 K K K K K
0041-10
NOTE: In this example n = XXXX X000(B); X = 10r0

Acknowledge Polling

The disabiing of the inputs can be used to take advan-
tage of the typical 5 ms write cycle time. Once the stop
condition is issued to indicate the end of the host's
write operation the X2404 initiates the internal write cy-
cle. ACK polling can be initiated immediately. This in-
volves issuing the start condition followed by the slave
address for a write operation. If the X2404 is still busy
with the write operation no ACK will be returned. If the
X2404 has completed the write operation an ACK will
be returned and the host can then proceed with the
next read or write operation.

READ OPERATIONS

Read operations are initiated in the same manner as
write operations with the exception that the R/W bit of

the slave address is set to a one. There are three basic
read operations: current address read, random read
and sequential read.

Current Address Read

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

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

Sequential Read

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

Figure 8: Random Read

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

ENDURANCE

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMSs is approximately
1, million cycles, as documented in RR504, the Xicor
Reliability Report on Endurance. Included in that report
is a method for determining the expected endurance of
the device based upon the specific application environ-
ment. RR504 and additional reliability reports are avail-
able from Xicor.
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Figure 9: Sequential Read
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Figure 10: Typical System Configuration
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SYMBOL TABLE

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

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

Normalized Standby Supply Current
vs. Ambient Temperature
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4K Military X2404M 512 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES DESCRIPTION

¢ Internally Organized as Two Pages The X2404 is a 4096 bit serial E2PROM, internally or-
—Each 256 x 8 ganized as two 256 x 8 pages. The X2404 is fabricated

® 2 Wire Serial Interface with the same reliable N-channel floating gate MOS

¢ Provides Bidirectional Data Transfer technology used in all Xicor 5V programmable nonvola-
Protocol tile memories.

¢ Eight Byte Page Write Mode The X2404 features a serial interface and software pro-
—Minimizes Total Write Time Per Byte tocol allowing operation on a two wire bus.

¢ Self Timed Write Cycle

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Refer to RR504
for further endurance information. Data retention is
specified to be greater than 100 years.

—Typical Write Cycle Time of 5 ms
¢ Data Retention Greater Than 100 Years
¢ 8 Pin Mini-DIP Package

PIN CONFIGURATION FUNCTIONAL DIAGRAM
U ®) Vvee
Ao E ] 8 :] Vee @ Vss START CYCLE M GENERATION
& CONTROL
A
\ E 2 7 D TEST o oo 1
X2404 oy —
A, E 3 6 :] sCL LoGIc
CONTROL
LOGIC
Ve [: N ’ :] SoA — SLAVE ADDRESS xoec | * i'.’f‘é:"
0040-1 6 scL ’LREGISTER
b m—

PIN NAMES R , g1 I - ;

1t03 Agto Ap Address Inputs e YoEC

4 Vss - o

5 SDA Serial Data L DATA REGISTER Dour

6 SCL Serial Clock . | Do L

7 Test Input — to Vgg r —

8 Vee 0040-2

May 1987
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ABSOLUTE MAXIMUM RATINGS*

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

Respectto Vgg ....... ...—1.0Vto +7V
D.C.QutputCurrent...........coovieieviiiinninnnn.. 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

may affect device reliability.

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

Symbol Parameter Limits Units Test Conditions
Min. Typ.() Max.

lcc Power Supply Current 20 35 mA fscL = 100 KHz

Isg Standby Current 15 30 mA

IL) Input Leakage Current 0.1 10 pA Vin = GND to Vg

Lo Output Leakage Current 0.1 10 pA VouTt = GND to Voo

Itp(@ Test Pin Pull Down Current 16 30 pA VIN = Voo

ViL Input Low Voltage —-1.0 0.8 \"

ViH Input High Voltage 2.0 Vee +1.0 Y

VoL Output Low Voltage 0.4 \% loL = 3mA

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

Symbol Test Max. Units Conditions
Ci/0® Input/Output Capacitance (SDA) 8 pF Vijo = OV
Cin®) Input Capacitance (Ag, A4, Ao, SCL) 6 pF ViN = 0V

A.C. CONDITIONS OF TEST

Input Pulse Levels 0V to 3.0V
Input Rise and

Fall Times 10ns
Input and Output 1.5V

Timing Levels

1 TTL Gate and

Output Load CL = 100 pF

Notes: (1) Typical values are for Tp = 25°C and nominal sup-
ply voltage.
(2) Test pin has on chip pull down device which sinks
16 pA (typical) to Vgs. )
(3) This parameter is periodically sampled and not
100% tested.
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A.C. CHARACTERISTICS

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

Symbol Parameter Min. Max. Units

fscL SCL Clock Frequency 0 100 KHz

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

taA SCL Low to SDA Data Out 35 us
and ACK Out

tBUF Time the Bus Mu§t be Free Before 47 us
a New Transmission Can Start

tHD:STA Start Condition Hold Time 4.0 pns

tLow Clock Low Period 4.7 us

tHIGH Clock High Period 4.0 us

tsu:sTA Start Condition Setup Time. _ 47 ps
(for a Repeated Start Condition)

tHD.DAT Data In Hold Time 0 us

tsU:DAT Data In Setup Time 250 . ns

iR SDA and SCL Rise Time 1 us

te SDA and SCL Fall Time 300 ns

tsu-sTO Stop Condition Setup Time 4.7 s

toH Data Out Hold Time 300 ns

Write Cycle Limits

Symbol Parameter Min. Typ.(49 Max. Units
twr Write Cycle Time 5 10 ms
The write cycle time is the time from a valid stop condi- bus interface circuits are disabled, SDA is allowed to
tion of a write sequence to the end of the internal remain high, and the device does not respond to its
erase/program cycle. During the write cycle, the X2404 slave address.
Bus Timing
i R
- thiGH
tLow —tLow ‘
SCL ‘ Nl ﬁ
tsu:sTA tp:sTA t4D:DAT - tsu:pat tsu:sTo
SDA ==
h |/  S———
l-——»|tAA -——-ltou taur
SDA vvvvvvvvv‘vv’v.vv’v X
ouT XOOOOOOXXXXXXX) .
0040-3

Note: (4) Typical values are for Tp = 25°C and nominal supply voltage.
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Write Cycle Timing

SDA

8thBIT

WORD n

sTOP
CONDITION

AN

START X2404
CONDITION ADDRESS

0040-4

PIN DESCRIPTIONS
Serial Clock (SCL)

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

Serial Data (SDA)

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

Address (Ap)
Ag is unused by the X2404, however, it must be tied to
Vgs to insure proper device operation.

Address (A1, 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 proto-
col. The protocol defines any device that sends data
onto the bus as a transmitter, and the receiving device
as the receiver. The device controlling the transfer is a
master and the device being controlled is the slave.
The master will always initiate data transfers, and pro-
vide the clock for both transmit and receive operations.
Therefore, the 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 indication start and stop conditions. Refer
to Figures 1 and 2.
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Figure 2: Definition of Start and Stop
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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 command until this condition has been met.

Stop Condition

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

Figure 3: Acknowledge Response from Receiver

Acknowledge

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

The X2404 will always respond with an acknowledge
after recognition of a start condition and its slave ad-
dress. If both the device and a write operation have
been selected, the X2404 will respond with an ac-
knowledge after the receipt of each subsequent eight
bit word.
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In the read mode the X2404 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X2404
will continue to transmit data. If an acknowledge is not
detected, the X2404 will terminate further data trans-
missions and await the stop condition.

DEVICE ADDRESSING

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

Figure 4: Slave Address

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

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

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

Following the start condition, the X2404 monitors the
SDA bus comparing the slave address being transmit-
ted with its address (device type and state of Ay and

Ao inputs). Upon a compare the X2404 outputs an ac-
knowledge on the SDA line. Depending on the state of
the R/W bit, the X2404 will execute a read or write
operation.

WRITE OPERATIONS

Byte Write

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

Page Write

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

After the receipt of each word, the three low order ad-
dress bits are internally incremented by one. The high
order five bits of the address remain constant. If the
master should transmit more than eight words prior to
generating the stop condition, the address counter will
“roll over” and the previously gritten data will be over-
written. As with the byte write operation, all inputs are
disabled until completion of the internal write cycle. Re-
fer to Figure 6 for the address, acknowledge and data
transfer sequence.
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Figure 5: Byte Write
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Figure 6: Page Write

NOTE: In this example
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X2404 K K K K K

n=

0040-10

XXXX X000(B); X = 1 0r0

Acknowledge Polling

The disabling of the inputs can be used to take advan-
tage of the typical 5 ms write cycle time. Once the stop
condition is issued to indicate the end of the host’s
write operation the X2404 initiates the internal write cy-
cle. ACK polling can be initiated immediately. This in-
volves issuing the start condition followed by the slave
address for a write operation. If the X2404 is still busy
with the write operation no ACK will be returned. If the
X2404 has completed the write operation an ACK will
be returned and the host can then proceed with the
next read or write operation.

READ OPERATIONS

Read operations are initiated in the same manner as
write operations with the exception that the R/W bit of

the slave address is set to a one. There are three basic
read operations: current address read, random read
and sequential read.

Current Address Read

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

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

Sequential Read

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

Figure 8: Random Read

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

ENDURANCE

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMs is approximately
/2 million cycles, as documented in RR504, the Xicor
Reliability Report on Endurance. Included in that report
is a method for determining the expected endurance of
the device based upon the specific application environ-
ment. RR504 and additional reliability reports are avail-
able from Xicor.

s s
T T S
BUS ACTIVITY: A SLAVE WORD A SLAVE T
MASTER R ADDRESS ADDRESS n R ADDRESS o)
T T P
LGN | T T
SDA LINE H_I__ﬂ l 1) | { I TR N | I ISI I I | Ll N |
A A A —
BUS ACTIVITY: c ﬁ 2 DATA n
X2404 K
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Figure 9: Sequential Read

BUS ACTIVITY:

s
SLAVE A A A T
MASTER ADDRESS c c c o
— K K K N\ P
—|—]-lm||1 LI B e e | ﬁl]nmrl—r‘?) T T T T T 17
SDA LINE | [llltlilllllllllll IJAA\]lIllU!IIlll‘II:]
A VY ——
BUS ACTIVITY: c DATA n DATA n+1 DATA n +2 DATA n+x
X2404 K
0040-15
Figure 10: Typical System Configuration
% Vee
SDA
T ] . T ) 1
il | 1 I 1 T 1
MASTER SLAVE SLAVE MASTER MASTER
TRANSMITTER/ TRANSMITTER/
Tnggggv;r: M RECEIVER RECEIVER TRANSMITTER RECEIVER
0040 16
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ_ from Low to from Low to
High High
May change Will change
“_ from High to from High to
Low Low
Don't Care: Changing :
m Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature

NORMALIZED lgc

1.4

Voo =5.0V

N

.

0.8

~

0.6
=55

+25 +125
AMBIENT TEMPERATURE (°C)

0040-17

NORMALIZED Igp

1.4

\\ Ve = 5.0V
1.2

N

* \
0.8 —
0.6

=55 +25 +125

AMBIENT TEMPERATURE (°C)

0040-18

2-50




ADVANCED INFORMATION

-
icor
®

Commercial
4K Industrial

X24C04 .
X24C041 512 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES
¢ Low Power CMOS
—2 mA Active Current Typical

—60 A Standby Current Typical
¢ internally Organized as Two Pages

—Each 256 x 8
® 2 Wire Serial Interface

DESCRIPTION

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

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Data retention is

¢ Provides Bidirectional Data Transfer specified to be greater than 100 years.

Protocol
¢ Sixteen Byte Page Write Mode

—NMinimizes Total Write Time Per Byte

e Self Timed Write Cycle

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

¢ 8 Pin Mini-DIP Package

PIN CONFIGURATION

W]t N~ v
A, [: 2 :] TEST

-
@

-~

X24Co04

FUNCTIONAL DIAGRAM

@) Vee

(4) Vss

{5) soa

START CYCLE H.V. GENERATION
TIMING
& CONTROL

L— 1

INEE s ] sct N —
Vss E 4 5 3 SDA contmoL
— SLAVE ADDRESS xoec| * i’::gzﬂ
0046-1 © SscL ‘ngclsnzn
PIN NAMES ann —] Loap e
e o
1103 Agto Ay Address Inputs R B I ounren Jr -
. o5 RW : | YDEC
5 SDA Serial Data :
6 SCL Serial Clock N o .
DATA
7 Test Input — to Vgg —
0046-2
May 1987
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ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias

X24C04 ..o —-10°Cto +85°C
X24C04l. ..o —65°C to +135°C
Storage Temperature .................... —65°C to +150°C

Voltage on any Pin with

Respectto Vg «ovvvvvnvinniiiiiniiiinn, —1.0Vto +7V
D.C.Output Current . .. .....cvieiri it 5 mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

X24C04 Tp = 0°C to +70°C, Voo = +5V 5%, unless otherwise specified.
X24C04| Tp = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.

*COMMENT

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

Symbol Parameter Limits Units Test Conditions
Min. Typ.() Max.
lcc Power Supply Current 2.0 mA fscL = 100 KHz
Isg(@ Standby Current 60 pA ViN = GND or Vg
It Input Leakage Current 0.1 10 pA Vin = GND to Voo
ILo Output Leakage Current 0.1 10 pA Vout = GND to Voo
ViL Input Low Voltage —-1.0 Ve X0.3 \
ViH Input High Voltage Voo X0.7 Voo +0.5 \'
VoL Output Low Voltage 0.4 \ loL = 3mA
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Voo = 5V
Symbol Test Max. Units’ Conditions
Ci/o® Input/Output Capacitance (SDA) 8 pF Vijo = 0V
Cin® Input Capacitance (Ag, A1, Ao, SCL) 6 pF ViN = OV

A.C. CONDITIONS OF TEST

Input Pulse Levels

Ve X0.1to Ve X0.9

Input Rise and
Fall Times

10 ns

Input and Output
Timing Levels

Ve X0.5

Output Load

1 TTL Gate and
CL = 100 pF

Notes: (1) Typical values are for Ty = 25°C and nominal sup-

ply voltage.

(2) SDA and SCL require pull up resistor.

(8) This parameter is periodically sampled and not

100% tested.
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A.C. CHARACTERISTICS LIMITS

X24C04 Tp = 0°Cto +70°C, Vog = +5V £5%, unless otherwise specified.
X24C041 Tp = —40°C to +85°C, Voo = +5V +10%, unless otherwise specified.

Read & Write Cycle Limits

Symbol Parameter Min. Max. Units
fscL SCL Clock Frequency 0 100 KHz
T Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs
tAA SCL Low to SDA Data Out Valid 0.3 3.5 us
tBUF Time the Bus Must Be Free
Before a New Transmission 4.7 us
Can Start
tHD:STA Start Condition Hold Time 4.0 us
tLow Clock Low Period 4.7 us
tHIGH Clock High Period 4.0 us
tsu-sTA Start Condition Setup Time 47 s
(for a Repeated Start Condition) ’ B
tHD:DAT Data In Hold Time 0 us
tSu:DAT Data In Setup Time 250 ns
R SDA and SCL Rise Time 1 us
tp SDA and SCL Fall Time 300 ns
tsu.sTo Stop Condition Setup Time 4.7 ns
tbH Data Out Hold Time 300 ns
Bus Timing
t
— thigH
tLow
SCL
tsu:sTA tHp:sTA tHp:DaT
SDA
IN A , .- {
taa ton taur
oot ZXXXXXXXXXXXXXN
00463
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Write Cycle Limits

Symbol Parameter

Min.

Typ.(4) Max. Units

twr Write Cycle Time

10 ms

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

Write Cycle Timing

SDA

8thBIT

WORD n

NN\
7\

N

STOP
CONDITION

START
CONDITION

X24C04
ADDRESS

0046-4

PIN DESCRIPTIONS

Serial Clock (SCL)

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

Serial Data (SDA)

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

Address (Ag)
Ag is unused by the X24C04, however, it must be tied
to Vgg to insure proper device operation.

Address (A1, A2)

The Address inputs are used to set the least significant
two bits of the six bit slave address. These inputs can
be used static or driven. If used statically they must be
tied to Vgg or Vg as appropriate. If driven they must
be driven by open collector outputs with resistor pull
ups to Vce.

DEVICE OPERATION

The X24C04 supports a bidirectional bus oriented pro-
tocol. The protocol defines any device that sends data

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

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.

Note: (4) Typical values are for To = 25°C and nominal supply
voltage (5V)
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Figure 1: Data Validity
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START BIT

STOP BIT
0046-6

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, ei-
ther master or slave, will release the bus after transmit-
ting eight bits. During the ninth clock cycle the receiver
will pull the SDA line LOW to acknowledge that it re-
ceived the eight bits of data. Refer to Figure 3.

The 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 selected, the X24C04 will respond with an ac-
knowledge after the receipt of each subsequent eight
bit word.

In the read mode the X24C04 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X24C04
will continue to transmit data. If an acknowledge is not
detected, the X24C04 will terminate further data trans-
missions 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

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

Figure 4: Slave Address

DEVICE TYPE PAGE
IDENTIFIER SELECT

——— e —— ——e,
BN T T 1 T T T
I1 o 1 0A2A1AOR/WI
1 1 1 1 L 1 1
— ——
DEVICE
ADDRESS

0046-8

The next two significant bits address a particular de-
vice. A system could have up to four X24C04 devices
on the bus (see Figure 10). The four addresses are de-
fined by the state of the Ay and Ap 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. This is, in effect
the most significant bit for the word address.

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

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

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

WRITE OPERATIONS

Byte Write

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

s
BUS ACTIVITY: I SLAVE WORD ?
MASTER R ADDRESS ADDRESS DATA g
T
sDAL'“E E “ LN S S S S S § TV Ve E
BUS ACTIVITY: A A A
X24C04 c c [
K K K
0046-9
Page Write ) ) address for a write operation. If the X24C04 is still busy
The X24C04 is capable of a sixteen byte page write  yith the write operation no ACK will be returned. If the
operation. It is initiated in the same manner as the byte  x24C04 has completed the write operation an ACK will
write operatlop, but instead of terminating the write cy- be returned and the host can then proceed with the
cle after thfe first data word is transferred, the mast.er next read or write operation.
can transmit up to fifteen more words. After the receipt
of each word, the X24C04 will respond with an READ OPERATIONS
acknowledge. Read operations are initiated in the same manner as
After the receipt of each word, the four low order ad- write operatlon§ with the exception that the bit of the
. : . ) slave address is set to a one. There are three basic
dress bits are internally incremented by one. The high S
. . ; read operations: current address read, random read
order five bits of the address remain constant. If the .
. . . and sequential read.
master should transmit more than sixteen words prior
to generating the stop condition, the address counter Current Address Read
will “roll over” and the previously written data will be Internally the X24C04 contains an address counter that
overwritten. As with the byte write operation, all inputs maintains the address of the last word accessed, incre-
are disabled until completion of the internal write cycle. mented by one. Therefore, if the last access (either a
Refer to Figure 6 for the address, acknowledge and read or write) was to address n, the next read opera-
data transfer sequence. tion would access data from address n+1. Upon re-
Acknowledge Polling ceipt of 'the slave address with R/W set Fo one, .the
o . X24C04 issues an acknowledge and transmits the eight
The disabling of the inputs can be used to take advan- )
. . . bit word. The master does not acknowledge the trans-
tage of the typical 5 ms write cycle time. Once the stop i,
N . s fer but does generate a stop condition and the X24C04
condition is issued to indicate the end of the host’s : ) o .

. . L - . discontinues transmission. Refer to Figure 7 for the se-
write operation the X24C04 initiates the internal write uence of address, acknowledge and data transfer
cycle. ACK polling can be initiated immediately. This in- q ’ 9 ’
volves issuing the start condition followed by the slave
Figure 6: Page Write

S

T s
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS WORD ADDRESS (n) DATAn DATA n+1 DATA n+15 g

T

LI rrr T T LN R B B B A | T T
SDA LINE |||||IL|IL11|1L111 J_L144II_:7LL141|I|—D
A A A A A
BUS ACTIVITY: c c c c c
X24C04 K K K K K
0046-10
NOTE: In this example n = XXXX 0000(B); X = 10r0
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Figure 7: Current Address Read

s
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BUS ACTIVITY: C DATA
X24C04 K

0046-11

Random Read

Random read operations allow the master to access
any memory location in a random manner. Prior to issu-
ing the slave address with the R/W bit set to one, the
master must first perform a “dummy” write operation.
The master issues the start condition, and the slave
address followed by the word address it is to read. Af-
ter the word address acknowledge, the master immedi-
ately reissues the start condition and the slave address
with the R/W bit set to one. This will be followed by an
acknowledge from the X24C04 and then by the eight
bit word. The master does not acknowledge the trans-
fer but does generate the 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

Figure 8: Random Read

transmitted as with the other read modes, however, the
master now responds with an acknowledge, indicating
it requires additional data. The X24C04 continues to
output data for each acknowledge received. The read
operation is terminated by the master not responding
with an acknowledge and generating a stop condition.

The data output is sequential, with the data from ad-
dress n followed by the data from n+ 1. The address
counter for read operations increments all address bits,
allowing the entire memory contents to be serially read
during one operation. If more than 512 words are read,
the counter “rolls over” and the X24C04 continues to
output data for each acknowledge received. Refer to
Figure 9 for the address, acknowledge and data trans-
fer 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
LN B B S B B |
wame  F UL r*“**mq [T T
——t 1] L1 § I W B W W
BUS ACTIVITY: ° DATA n
X24C04 x K
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Figure 9: Sequential Read
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Figure 10: Typical System Configuration
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SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ— from Low to from Low to
High High
May change Will change
“_ from High o from High to
Low Low
Don't Care: Changing:
m Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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PRELIMINARY INFORMATION ®
Commercial X24C16 .
16K Industrial X24C 16l 2048 x 8 Bit
Electrically Erasable PROM
TYPICAL FEATURES DESCRIPTION

¢ Low Power CMOS

—2 mA Active Current Typical

—-60 nA Standby Current Typical

¢ Internally Organized as Eight Pages
—Each 256 x 8

® 2 Wire Serial Interface

® Provides Bidirectional Data Transfer specified to be greater than 100 years.
Protocol

¢ Sixteen Byte Page Write Mode

The X24C16 is a CMOS 16,384 bit serial E2PROM, in-
ternally organized as eight 256 x 8 pages. The X24C16
features a serial interface and software protocoi allow-
ing operation on a two wire bus.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Data retention is

—Minimizes Total Write Time Per Byte
¢ Self Timed Write Cycle
—Typical Write Cycle Time of 5 ms
o Data Retention Greater Than 100 Years
¢ 8 Pin Mini-DIP Package

PIN CONFIGURATION

A [t
N E
A [ ]s
vss |4

U

o7 vee

7 ;’ TEST
X24C16

6 :]SCL
s| ] spa

0038-1

PIN NAMES

W ~NOO O

1to3 Agto Ao Address Inputs

Vss

SDA Serial Data

SCL Serial Clock

Test Input — to Vgg

Vee

FUNCTIONAL DIAGRAM
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]
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias

X24C16 ...t
X24C16l.. ...
Storage Temperature ..........

Voltage on any Pin with

Respectto Vgg .............
D.C. Output Current . ...........

Lead Temperature

(Soldering, 10 Seconds)

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

D.C. OPERATING CHARACTERISTICS
X24C16 Tpo = 0°C to +70°C, Vo = +5V 5%, unless otherwise specified.
X24C161 Tp = —40°Cto +85°C, Voo = +5V £10%, unless otherwise specified.

*COMMENT

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

Symbol Parameter Limits Units Test Conditions
Min. Typ.() Max.
lcc Power Supply Current 2.0 3.0 mA fscL = 100 KHz
Isg@ Standby Current 60 100 | wA | ViNn=GNDorVge
L Input Leakage Current 0.1 10 pA ViN = GND to Vee
ILo Output Leakage Current 0.1 10 RA Vout = GND to Vec
ViL Input Low Voltage —-1.0 Vee X0.3 \
Vi Input High Voltage Vee X0.7 Voo +0.5 \"
VoL Output Low Voltage 0.4 \" loL = 3mA
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vgg = 5V
Symbol Test Max. Units Conditions
Ci/o® Input/Output Capacitance (SDA) 8 pF Vijo = OV
CinG) Input Capacitance (Ag, A1, A2, SCL) 6 pF ViN = OV

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

Input Pulse Levels

Input Rise and

Fall Times 10ns

Input and Output

Timing Levels Vog X035

1 TTL Gate and

Output Load C_ = 100 pF

Notes: (1) Typical values are for Ty = 25°C and nominal sup-
ply voltage.

(2) SDA and SCL require pull up resistor.

(3) This parameter is periodically sampled and not
100% tested.
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A.C. CHARACTERISTICS LIMITS

X24C16 Tp = 0°C to +70°C, Vg = +5V £5%, unless otherwise specified.
X24C161 Tp = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.

Read & Write Cycle Limits

SDA
out KXXXXXXXXXXXXXA

Symbol Parameter Min. Max. Units
fscL SCL Clock Frequency 0 100 KHz
T Noise Suppression Time 100 ns

Constant at SCL, SDA Inputs
taa SCL Low to SDA Data Out Valid 0.3 3.5 us
tBUF Time the Bus Must Be Free 4.7 us

Before a New Transmission

Can Start
tHD:STA Start Condition Hold Time 4.0 us
tLow Clock Low Period 4.7 us
tHIGH Clock High Period 4.0 s
tsu:sTA Start Condition Setup Time 4.7 us

(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 us
tSU:DAT Data In Setup Time 250 ns
tR SDA and SCL Rise Time 1 us
tF SDA and SCL Fall Time 300 ns
tsu:sTo Stop Condition Setup Time 4.7 us
tbH Data Out Hold Time 300 ns

Bus Timing
tF
— thicH
tLow .
SCL Nl ﬂ'
tHp:sTA tHp:DAT tsu:sto
SDA ==
IN / .-
taa tou tgur

0038-3
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Write Cycle Limits
Symbol Parameter Min. Typ.4 Max. Units
twr Write Cycle Time 5 10 ms

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

Write Cycle Timing

SDA

8th BIT

WORD n

-

STOP
CONDITION

START
CONDITION

X24C16
ADDRESS

0038-4

PIN DESCRIPTIONS

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

Serial Data (SDA)

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

Address (Ag, Ay, Ag)

The Ag, A1 and Ay inputs are unused by the X24C16,
however, they must be tied to Vgg to insure proper de-
vice operation.

DEVICE OPERATION

The X24C16 supports a bidirectional bus oriented pro-
tocol. The protocol defines any device that sends data
onto the bus as a transmitter, and the receiving device

as the receiver. The device controlling the transfer is a
master and the device being controlled is the slave.
The master will always initiate data transfers, and pro-
vide the clock for both transmit and receive operations.
Therefore, the 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 until this condition has been met.

Note: (4) Typical values are for To = 25°C and nominal supply
voltage (5V).
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Figure 1: Data Validity
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Figure 2: Definition of Start and Stop
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i}lo P Condlftio? terminated b " diti address. If both the device and a write operation have
communications are terminated by a stop condition, been selected, the X24C16 will respond with an ac-

which is a LOW to HIGH transition of SDA when SCL is f .
knowledge after the receipt of each subsequent eight
HIGH. The stop condition is also used by the X24C16 1o P q 9
to place the device in the standby power mode. ’
Ack In the read mode the X24C16 will transmit eight bits of
¢ nowledgg . o data, release the SDA line and monitor the line for an
Acknowledge is a software convention used to indicate acknowledge. If an acknowledge is detected and no
successful data transfgrs. The transmitting device, gl- stop condition is generated by the master, the X24G16
ther n.1aster. or sla\{e, will re!ease the bus after transrmt- will continue to transmit data. If an acknowledge is not
ting eight bits. During the ninth clock cycle the receiver detected, the X24C16 will terminate further data trans-

will psutr;che .S:?,[Ab.':ne fL‘?\iV t; E;CK';O“I':I?dge ;hat itre-  missions and await the stop condition to return to the
celvel e elg ItS Of data. mefter 10 Figure . Standby power mode.

The X24C16 will always respond with an acknowledge
after recognition of a start condition and its slave
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Figure 3: Acknowledge Response From Receiver
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DEVICE ADDRESSING

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

Figure 4: Slave Address

DEVICE TYPE
IDENTIFIER

L) T T
I 1 0 1
1 1 L

T T T T
0 |A2|A1 lAO ‘R/W;I
[ ———

PAGE
ADDRESS

0038-8

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

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

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

Following the start condition, the X24C16 monitors the
SDA bus comparing the slave address being transmit-
ted with its slave address. Upon a compare the
X24C16 outputs an acknowledge on the SDA line. De-
pending on the state of the R/W bit, the X24C16 will
execute a read or write operation.

WRITE OPERATIONS

Byte Write

For a write operation, the X24C16 requires a second
address field. This address field is the word address,
comprised of eight bits, providing access to any one of
the 256 words in the selected page of memory. Upon
receipt of the word address the X24C16 responds with
an acknowledge, and awaits the next eight bits of data,
again responding with an acknowledge. The master
then terminates the transfer by generating a stop con-
dition, at which time the X24C16 begins the internal
write cycle to the nonvolatile memory. While the inter-
nal write cycle is in progress the X24C16 inputs are
disabled, and the device will not respond to any re-
quests from the master. Refer to Figure 5 for the ad-
dress, acknowledge and data transfer sequence.
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Figure 5: Byte Write
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Page Write

The X24C16 is capable of a sixteen byte page write
operation. It is initiated in the same manner as the byte
write operation, but instead of terminating the write cy-
cle after the first data word is transferred, the master
can transmit up to fifteen more words. After the receipt
of each word, the X24C16 will respond with an READ OPERATIONS
acknowledge. Read operations are initiated in the same manner as
write operations with the exception that the R/W bit of
the slave address is set to a one. There are three basic
read operations: current address read, random read
and sequential read.

address for a write operation. If the X24C16 is still busy
with the write operation no ACK will be returned. If the
X24C16 has completed the write operation an ACK will
be returned and the host can then proceed with the
next read or write operation.

After the receipt of each word, the four low order ad-
dress bits are internally incremented by one. The high
order seven bits of the word address remain constant.
If the master should transmit more than sixteen words
prior to generating the stop condition, the address Current Address Read
counter will “roll over” and the previously written data Internally the X24C16 contains an address counter that
will be overwritten. As with the byte write operation, all maintains the address of the last word accessed, incre-
inputs are disabled until Completion of the internal write mented by one. Therefore, if the last access (either a
cycle. Refer to Figure 6 for the address, acknowledge read or write) was to address n, the next read opera-
and data transfer sequence. tion would access data from address n+1. Upon re-
ceipt of the slave address with R/W set to one, the
X24C16 issues an acknowledge and transmits the eight
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 se-
quence of address, acknowledge and data transfer.

Acknowledge Polling

The disabling of the inputs can be used to take advan-
tage of the typical 5 ms write cycle time. Once the stop
condition is issued to indicate the end of the host's
write operation the X24C16 initiates the internal write
cycle. ACK polling can be initiated immediately. This in-
volves issuing the start condition followed by the slave

Figure 6: Page Write

S
T S
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS WORD ADDRESS (n) DATAn DATA n+1 DATAN + 15 g
T .
T T L B B T T 111
soaume R[] [1[77] ] | [T | [ |1
Ll L T G N TR T T B JR W B S I B 1 bt
A A A A A
BUS ACTIVITY: e e c 2 c
X24C16 K K K K K
0038-10

NOTE: in this example n = xxxx 0000(B); x = 1 or 0
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Figure 7: Current Address Read
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Random Read

Random read operations allow the master to access
any memory location in a random manner. Prior to issu-
ing the slave address with the R/W bit set to one, the
master must first perform a “dummy” write operation.
The master issues the start condition, and the slave
address followed by the word address it is to read. Af-
ter the word address acknowledge, the master immedi-
ately reissues the start condition and the slave address
with the R/W bit set to one. This will be followed by an
acknowledge from the X24C16 and then by the eight
bit word. The master will not acknowledge the transfer
but does generate the stop condition and the X24C16
discontinues transmission. Refer to Figure 8 for the ad-
dress, acknowledge and data transfer sequence.

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

Figure 8: Random Read

transmitted as with the other read modes, however, the
master now responds with an acknowledge, indicating
it requires additional data. The X24C16 continues to
output data for each acknowledge received. The read
operation is terminated by the master not responding
with an acknowledge and generating a stop condition.

The data output is sequential, with the data from ad-
dress n followed by the data from n+ 1. The address
counter for read operations increments all word ad-
dress bits, allowing the entire memory contents to be
serially read during one operation. If more than 2048
words are read, the counter ‘“rolls over” and the
X24C16 continues to output data for each acknowl-
edge received. Refer to Figure 9 for the address, ac-
knowledge and data transfer sequence.

s s
T T S
BUS ACTIVITY: A SLAVE WORD A SLAVE T
MASTER R  ADDRESS ADDRESS n R ADDRESS o}
T T P
A .S T T T T
soaume [ [[][77]] UL T
[ 1 IS | Ll NN |
A A A e
BUS ACTIVITY: c ¢ ﬁ DATA n
X24C16 K K

0038~12
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Figure 9: Sequential Read
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Figure 10: Typical System Configuration

% Vec
SDA
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MASTER SLAVE SLAVE MASTER MASTER
TRANSMITTER/ TRANSMITTER/
Tn:;ggg;r: " RECEIVER ngcswsn TRANSMITTER RECEIVER
0038-14
SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
ﬂ— from Low to from Low to
High High
May change Will change
—“_ from High to from High to
Low Low
Don't Care: Changing :
m Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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PRELIMINARY INFORMATION ®

16K Military X24C16M 2048 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES DESCRIPTION
e Low Power CMOS The X24C16 is a CMOS 16,384 bit serial E2PROM, in-

—2 mA Active Current Typical ternally organized as eight 256 x 8 pages. The X24C16

—60 pA Standby Current Typical features a serial interface and software protocol allow-
¢ Internally Organized as Eight Pages ing operation on a two wire bus.

—Each 256 x 8 Xicor E2PROMs are designed and testied for applica-
® 2 Wire Serial interface tions requiring extended endurance. Data retention is
® Provides Bidirectional Data Transfer specified to be greater than 100 years.

Protocol

¢ Sixteen Byte Page Write Mode
—NMinimizes Total Write Time Per Byte
o Self Timed Write Cycle
—Typical Write Cycle Time of 5 ms
¢ Data Retention Greater Than 100 Years
© 8 Pin Mini-DIP Package

PIN CONFIGURATION FUNCTIONAL DIAGRAM
_U— ®) Ve
o E ! 8 :l Vee @ Vss START CYCLE H.Y. GENERATION
& CONTROL
A []e 7] ] Test
X24C16 5) SDA l po— l
a3 6] ]scL See | X
Vss E 4 5 [j SDA conTroL
256 EPROM
0047-1 o soL ] 53%:}555?2? — XDEC Eenou
PIN NAMES .
R E— WORD
1103 Ag to Ay Address Inputs 1) g — AgoREss " -
4 Vsg —__] 2l
5 SDA Serial Data M hitid
6 SCL Serial Clock ox : .
7 Test Input — to Vgg o DATA il

0047-2

May 1987
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias. .. ..
Storage Temperature .......

Voltage on any Pin with

Respectto Vgg ..........
D.C. Output Current.........

Lead Temperature
(Soldering, 10 Seconds)

............. —65°Cto +135°C
............. ~-65°C to +150°C

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

*COMMENT

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

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

Symbol Parameter Limits Units Test Conditions
Min. Typ.() Max.
lcc Power Supply Current 2.0 3.0 mA fscL = 100 KHz ~
Isg(@ Standby Current 60 100 LA ViN = GND or Vo
Ll Input Leakage Current 0.1 10 HA Vin = GND to Voo
ILo Output Leakage Current 0.1 10 pA VouTt = GND to Vg
ViL Input Low Voltage -1.0 Vce X0.3 \"
ViH Input High Voltage Voo X0.7 Vee +0.5 \
VoL Output Low Voltage 0.4 \ loL =3mA
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ci,0® Input/Output Capacitance (SDA) 8 pF Vijo = OV
CiN® Input Capacitance (A, A1, Ao, SCL) 6 pF ViN = 0V

A.C. CONDITIONS OF TEST

Input Pulse Levels

Ve X0.1to Ve X0.9

Input Rise and
Fall Times

10 ns

Input and Output
Timing Levels

Voo X0.5

Output Load

1 TTL Gate and
CL = 100 pF

Notes: (1) Typical values are for T4 = 25°C and nominal sup-

ply voltage.

(2) SDA and SCL require pull up resistor.

(3) This parameter is periodically sampled and not

100% tested.
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A.C. CHARACTERISTICS LIMITS
Ta = —55°Cto +125°C, Voo = +5V £10%, unless otherwise specified.

Read & Write Cycle Limits

Symbol Parameter Min. Max. Units
fscL SCL Clock Frequency 0 100 KHz
T Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs
tap SCL Low to SDA Data Out Valid 0.3 3.5 ps
tBUF Time the Bus Must Be Free 47 us
Before a New Transmission
Can Start
tHD:STA Start Condition Hold Time 4.0 s
tLow Clock Low Period 4.7 us
tHIGH Clock High Period 4.0 ‘ us
tsu:sTA Start Condition Setup Time 4.7 ps
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 us
tSuU:DAT Data In Setup Time 250 ns
R SDA and SCL Rise Time 1 us
te SDA and SCL Fall Time 300 ns
1su:sTO Stop Condition Setup Time 4.7 us
toH Data Out Hold Time 300 ns
Bus Timing
t R
- YiicH
tow ~—t ow
SCL e ﬁ'
tsu:sTa typ:sTA tup:DAT ] tsu:pat tsu:sTo
SDA / ==
lN 1T - 1
<——-|tAA Yo tgur
out ,
0047-3
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Write Cycle Limits

Symbol Parameter

Min.

Typ.(4 Max. Units

twr Write Cycle Time

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

Write Cycle Timing

SDA

8th BIT

WORD n

-

STOP
CONDITION

START
CONDITION

X24C16
ADDRESS

0047-4

PIN DESCRIPTIONS

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

Serial Data (SDA)

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

Address (Ag, A1, A2)

The Ap, A1 and A, inputs are unused by the X24C16,
however, they must be tied to Vgg to insure proper de-
vice operation. :

DEVICE OPERATION

The X24C16 supports a bidirectional bus oriented pro-
tocol. The protocol defines any device that sends data
onto the bus as a transmitter, and the receiving device

as the receiver. The device controlling the transfer is a
master and the device being controlled is the slave.
The master will always initiate data transfers, and pro-
vide the clock for both transmit and receive operations.
Therefore, the 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 until this condition has been met.

Note: (4) Typical values are for To = 25°C and nominal supply
voitage (5V).
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Figure 1: Data Validity
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Figure 2: Definition of Start and Stop
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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, ei-
ther master or slave, will release the bus after transmit-
ting eight bits. During the ninth clock cycle the receiver
will pull the SDA line LOW to acknowledge that it re-
ceived the eight bits of data. Refer to Figure 3.

The 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 selected, the X24C16 will respond with an ac-
knowledge after the receipt of each subsequent eight
bit word.

In the read mode the X24C16 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X24C16
will continue to transmit data. If an acknowledge is not
detected, the X24C16 will terminate further data trans-
missions and await the stop condition to return to the
standby power mode.
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Figure 3: Acknowledge Response From Receiver

SCL FROM

MASTER

\

L\ s

—

A

A

FROM
TRANSMITTER !
L)

DATA

Bt X

—— e —— ———

OUTPUT
FROM
RECEIVER

START

L

ACKNOWLEDGE
0047-7

DEVICE ADDRESSING

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

Figure 4: Slave Address
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PAGE
ADDRESS

0047-8

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

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

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

Following the start condition, the X24C16 monitors the
SDA bus comparing the slave address being transmit-
ted with its slave address. Upon a compare the
X24C16 outputs an acknowledge on the SDA line. De-
pending on the state of the R/W bit, the X24C16 will
execute a read or write operation.

WRITE OPERATIONS

Byte Write

For a write operation, the X24C16 requires a second
address field. This address field is the word address,
comprised of eight bits, providing access to any one of
the 256 words in the selected page of memory. Upon
receipt of the word address the X24C16 responds with
an acknowledge, and awaits the next eight bits of data,
again responding with an acknowledge. The master
then terminates the transfer by generating a stop con-
dition, at which time the X24C16 begins the internal
write cycle to the nonvolatite memory. While the inter-
nal write cycle is in progress the X24C16 inputs are
disabled, and the device will not respond to any re-
quests from the master. Refer to Figure 5 for the ad-
dress, acknowledge and data transfer sequence.
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Figure 5: Byte Write
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Page Write

The X24C16 is capable of a sixteen byte page write
operation. It is initiated in the same manner as the byte
write operation, but instead of terminating the write cy-
cle after the first data word is transferred, the master
can transmit up to fifteen more words. After the receipt
of each word, the X24C16 will respond with an
acknowledge.

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

Acknowledge Polling

The disabling of the inputs can be used to take advan-
tage of the typical 5 ms write cycle time. Once the stop
condition is issued to indicate the end of the host’s
write operation the X24C16 initiates the internal write
cycle. ACK polling can be initiated immediately. This
involves issuing the start condition followed by the

Figure 6: Page Write

slave address for a write operation. If the X24C16 is
still busy with the write operation no ACK will be re-
turned. If the X24C16 has completed the write opera-
tion an ACK will be returned and the host can then pro-
ceed with the next read or write operation.

READ OPERATIONS

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

Current Address Read

Internally the X24C16 contains an address counter that
maintains the address of the last word accessed, incre-
mented by one. Therefore, if the last access (either a
read or write) was to address n, the next read opera-
tion would access data from address n+1. Upon re-
ceipt of the slave address with R/W set to one, the
X24C16 issues an acknowledge and transmits the eight
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 se-
quence of address, acknowledge and data transfer.

VOO

15

S
T
BUS ACTIVITY: A SLAVE
MASTER R ADDRESS WORD ADDRESS (n) DATAn DATA n+1 DATAN + 15
T
. Ty TTT C T T T T T 1 T TT T
soawme [ [{[77]] | i | [
i l J U N T S .| L | T I T T S S T | ‘ TLAL o
A A A A
BUS ACTIVITY: s e ¢ e
X24C16 K K K K K

0047-10

NOTE: In this example N = XXXX 0000(B); X = 10r 0

2-77



X24C16M

Figure 7: Current Address Read
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Random Read

Random read operations allow the master to access
any memory location in a random manner. Prior to issu-
ing the slave address with the R/W bit set to one, the
master must first perform a “dummy” write operation.
The master issues the start condition, and the slave
address followed by the word address it is to read. Af-
ter the word address acknowledge, the master immedi-
ately reissues the start condition and the slave address
with the R/W bit set to one. This will be followed by an
acknowledge from the X24C16 and then by the eight
bit word. The master will not acknowtedge the transfer
but does generate the stop condition and the X24C16
discontinues transmission. Refer to Figure 8 for the ad-
dress, acknowledge and data transfer sequence.

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

Figure 8: Random Read

transmitted as with the other read modes, however, the
master now responds with an acknowledge, indicating
it requires additional data. The X24C16 continues to
output data for each acknowledge received. The read
operation is terminated by the master not responding
with an acknowledge and generating a stop condition.

The data output is sequential, with the data from ad-
dress n followed by the data from n+1. The address
counter for read operations increments all word ad-
dress bits, allowing the entire memory contents to be
serially read during one operation. If more than 2048
words are read, the counter “rolls over” and the
X24C16 continues to output data for each acknowl-
edge received. Refer to Figure 9 for the address, ac-
knowledge and data transfer sequence.

S S
T T S
BUS ACTIVITY: A SLAVE WORD A SLAVE T
MASTER R ADDRESS ADDRESS n R ADDRESS o
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Figure 9: Sequential Read
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Figure 10: Typical System Configuration
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SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ— from Low to from Low to
High High
May change Will change
—“_ from High to from High to
Low Low
Don't Care: Changing :
M Changes State Not
Allowed Known
Center Line
&L v is High
Impedance
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icor

®

Commercial
4K Industrial

X2804A
X2804Al

512 x 8 Bit

Electrically Erasable PROM

FEATURES

® Simple Byte Write Operation
—No High Voltages Necessary
—Single TTL Level WE Signal Modifies Data
—Internally Latched Address and Data
—Self Timed Write
—Noise Protected WE Pin

¢ Reliable N-Channel Floating Gate MOS
Technology

® Single 5V Supply

e Byte Write Time: 10 ms Max.

® Fast Access Time: 250 ns Max.

¢ Low Power Dissipation
—Active Current: 80 mA Max.
—Standby Current: 50 mA Max.

DESCRIPTION

The Xicor X2804A is a 512 x 8 E2PROM, fabricated
with the same reliable N-channel floating gate MOS
technology used in all Xicor 5V programmable nonvola-
tile memories. The X2804A is compatible with the
JEDEC approved pinout for byte-wide memories.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Refer to Device
Operation for further endurance information. Data re-
tention is specified to be greater than 100 years.

PIN CONFIGURATION

\J

a1 2 [ Vec

A ]2 2317

as[]3 2 [One

a ]« 2t [ We

A5 20 [} OE

A.[]s 19 [[Jne

all X2804A 18 g it

A8 17 [ vo,
. ] 9 16 [ ] 106

o, [ 10 15 _':] 1105
o, 1 14 7] wo,

Vss [ 12 1317 10,

0044-1

PIN NAMES

Ap—Ag Address Inputs
1/0g~1/07 Data Input/Output
WE Write Enable
CE Chip Enable
OE Output Enable
Voo +5V

Vss Ground

NC No Connect

FUNCTIONAL DIAGRAM

X
—— BUFFERS 4,096-BIT
—— LATCHES }— E’PROM
. AND ARRAY
——] DECODER
ADDRESS
INPUTS
] Y
BUFFERS
s Ve
AND
—] ODECODER
BF —— ~—_—
OF LOGIC
WE —— 110g-10,
DATA INPUTS/OUTPUTS
Vee O
Vss O—

0044-2
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X2804A, X2804Al

ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias

X2804A ...t e —10°C to +85°C

X2804Al . ... —65°Cto +135°C
Storage Temperature .................... —65°C to +150°C
Voltage on any Pin with

RespecttoGround.............coovvninnn, -1.0Vto +7V
D.C.OutputCurrent............ccooiiiiiiiiiin. 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

X2804A Tp = 0°Cto +70°C, Voo = +5V 5%, unless otherwise specified.
X2804Al Tp = —40°C to +85°C, Vgg = +5V £10%, unless otherwise specified.

Symbol Parameter X2804A Limits X2804Al Limits Units Test Conditions
Min. Max. Min. Max.
Icc Ve Current (Active) 80 100 mA [ CE=0E =v_
All1/0’s = Open
Other Inputs = Vg
IsB Vg Current (Standby) 50 60 mA | CE =V, OE = V|,
Ali I/0’s = Open
Other Inputs = Vg
LI Input Leakage Current 10 10 pA VIN = GND to Vg
Lo Output Leakage Current 10 10 pA Vout = GND to Voo
ViL Input Low Voltage —-1.0 0.8 —-1.0 0.8 \
VIH Input High Voltage 20 Ve +0.5 2.2 Voo +1.0 \
VoL Output Low Voltage 0.4 0.4 \" loL = 2.1 mA
VoH Output High Voltage 2.4 2.4 \ lon = —400 pA
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Cirot) Input/Output Capacitance 10 pF Vijo = OV
cin( Input Capacitance 6 pF ViN = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 1/0 Power
Input Rise and L L H Read Dout Active
Fall Times 10ns
L H L Write DN Active
Input and Output -
Timing Levels 1.5V H X X Standby and High Z Standby
T TTL Gato and Write Inhibit
ate an
Output Load CL = 100 pF X L Write Inhibit — —
X X H Write Inhibit — —

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




X2804A, X2804Al

A.C. CHARACTERISTICS

X2804A Tp = 0°C to +70°C, Voo = +5V 5%, unless otherwise specified.
X2804Al Tp = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.

Read Cycle Limits
X2804A-25 X2804A X2804A-35 | X2804A-45
Symbol Parameter X2804A1-25 | X2804Al | X2804Al-35 | X2804Al-45 | Units
Min. | Max. | Min. | Max. | Min. { Max. | Min. | Max.
trc Read Cycle Time 250 300 350 450 ns
tcE Chip Enable Access Time 250 300 350 450 ns
tAA Address Access Time 250 300 350 450 ns
toE Output Enable Access Time 120 120 135 150 ns
Wz Chip Enable to Output in Low Z 10 10 10 10 ns
thz(2 Chip Disable to Qutput in High Z 10 | 100 | 10 | 100 10 100 | 10 100 ns
oLz Output Enable to Output in Low Z 50 50 50 50 ns
tonz(® | Output Disable to OutputinHighZ | 10 | 100 | 10 | 100 | 10 | 100 | 10 | 100 ns
ton Output Hold from Address Change | 20 20 20 20 ns
Read Cycle

Y

| tac

rooness X S e

- tce———

e —— —
—top—
OE ———
\\
. Vi
WE
——tLz— tonz
—»| o7 |&*— — thz
HIGH Z
DATA1/0 K DATA VALID

0044-3

Note: (2) thz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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X2804A, X2804Al

Write Cycle Limits

DATA IN _—M(

‘DV

.
-

DATA VALID

|— tywpy —-—>

- tos—bl{-—-lo

HIGH Z

X2804A-25 X2804A X2804A-35 | X2804A-45
Symbol Parameter X2804Al-25 X2804Al X2804Al-35 | X2804AI-45 | Units
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
twe Write Cycle Time 10 10 10 10 ms
tas Address Setup Time 10 10 10 10 ns
taH Address Hold Time 120 120 150 150 ns
tcs Write Setup Time 0 0 0 0 ns
tcH Write Hold Time 0 0 0 0 ns
tow Chip Enable to End of Write Input | 150 150 175 230 ns
toes Output Enable Setup Time 10 10 10 10 ns
toEH Output Enable Hold Time 10 10 10 10 ns
twp Write Pulse Width 150 150 175 230 ns
twpH Write Control Recovery 50 50 50 50 ns
tov Data Valid Time 1 1 1 1 ps
tps Data Setup Time 120 135 175 230 ns
toH Data Hold Time 15 15 20 30 ns
WE Controlled Write Cycle
——tas —— [ty
CANNN N <oy 777
| | i
oE | < e
%_ N oL ;M NN
N - tw » rf
WE \¥ // l : >/ \\h_

KRR TR~

0044-4
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X2804A, X2804Al

E Controlled Write Cycle

ADDRESS
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X2804A, X2804Al

PIN DESCRIPTIONS

Addresses (Ag-Ag)

The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0¢-1/07)
Data is written to or read from the X2804A through the
170 pins.

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

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2804A supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first.

A byte write operation, once initiated, will automatically
continue to completion, typically within 5 ms. In order
to take advantage of the typical write time as opposed
to the maximum specified time, the user can poll the
X2804A. The 1/0 pins are placed in the high imped-
ance state during the internal programming cycle. Once
the internal cycle is complete, the X2804A may be ac-
cessed without any limitations. Therefore, the host can
poll an address with known data (preferably with ze-
roes), as soon as a compare is true, the X2804A is
ready for another write cycle.

WRITE PROTECTION

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

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

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

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

ENDURANCE

Xicor E2PROMSs are designed and tested for applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMs is approximately
1/, million cycles, as documented in RR504, the Xicor
Reliability Report on Endurance. Included in that report
is a method for determining the expected endurance of
the device based upon the specific application environ-
ment. RR504 and additional reliability reports are avail-
able from Xicor.

3-6



X2804A, X2804Al

SYSTEM CONSIDERATIONS

Because the X2804A is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
170 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2804A has two power modes, standby
and active, proper decoupling of the memory array is

of prime concern. Enabling CE will cause transient cur-
rent spikes. The magnitude of these spikes is depen-
dent on the output capacitive loading of the 1/0s.
Therefore, the larger the array sharing a common bus,
the larger the transient spikes. The voltage peaks as-
sociated with the current transients can be suppressed
by the proper selection and placement of decoupling
capacitors. As a minimum, it is recommended that a
0.1 nF high frequency ceramic capacitor be used be-
tween Vg and GND at each device. Depending on the
size of the array, the value of the capacitor may have
to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vgc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE

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

_ﬂ— from Low to from Low to
High High
May change Will change
“_ from High to from High to
Low Low
Don't Care: Changing :
M Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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X2804A, X2804Al

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current

vs. Ambient Temperature
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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
—No High Voltages Necessary with the same reliable N-channel floating gate MOS
—Single TTL Level WE Signal Modifies Data technology used in all Xicor 5V programmable nonvola-
—internally Latched Address and Data tile memories. The X2804A is compatible with the
—Self Timed Write JEDEC approved pinout for byte-wide memories.
—Noise Protected WE Pin Xicor E2PROMSs are designed and tested for applica-

*® Reliable N-Channel Floating Gate MOS tions requiring extended endurance. Refer to Device
Technology Operation for further endurance information. Data re-

® Single 5V Supply tention is specified to be greater than 100 years.

® Byte Write Time: 10 ms Max.

® Fast Access Time: 300 ns Max.

® Low Power Dissipation
—Active Current: 100 mA Max.
—Standby Current: 60 mA Max.

PIN CONFIGURATION FUNCTIONAL DIAGRAM
N\

A 24 [ vee r

a2 23] A X

a3 22 [ NC — BUFFERS 4,096-BIT
AP 2 ) we ~—— LATCHES |— E°PROM

‘ ] AND ARRAY

a]s 20 [ OF ] oecooer

A ] 19 [ NC Ag-Aqg

X2804A —

ag » ] ¢ ANPUTS

A 17 {] vo,
10, [ ¢ 16 {] 1O
o, ] 10 15 {] vos -] BUF;ERS
o, [ n 14 [ o, — L‘;ﬁ’éss Alr:% BLUAFTETESS
ves [] 12 13[7] 1o, —] DECODER

N
PIN NAMES o CONTROL A
o Loic 1/0-1/0

Aog-Ag Address Inputs WE DATA INPUTS/OUTPUTS
1/09-1/07 Data Input/Output y

WE Write Enable vz: O—n

CE Chip Enable 0052-2
OE Output Enable

Vce +5V

Vss Ground

NC No Connect

May 1987
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X2804AM

ABSOLUTE MAXIMUM RATINGS* *COMMENT

Temperature UnderBias.................. —65°C to +135°C Stresses above those listed under “Absolute Maximum Rat-

Storage Temperature .................... —65°C to +150°C ings” may cause permanent damage to the device. This is a

Voltage on any Pin with stress rating only and the functional operation of the device at
Respectto Ground ........................ —1.0Vto +7V these or any other conditions above those indicated in the op-

D.C. QOutput Current 5 mA erational sections of this specification is not implied. Exposure

Lead Temperature to absolute maximum rating conditions for extended periods
(Soldering, 10 Seconds) ... .........cooiiiiia.. 300°C may affect device reliability.

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

Symbol Parameter Limits Units Test Conditions
Min. Max.
lcc Vg Current (Active) 100 mA CE=0E =V,
All1/0’s = Open
Other Inputs = Vg¢
lsp V¢g Current (Standby) 60 mA CE = V|, OE = Vi,
All1/O's = Open
Other inputs = Vgg
L Input Leakage Current 10 pA ViN = GND to Vo
Lo Output Leakage Current 10 pA Vout = GND to Vo
VL Input Low Voltage -1.0 0.8 \
VIH Input High Voltage 2.2 Voc +1.0 v
VoL Output Low Voltage 0.4 \ loL = 2.1mA
VoH Output High Voltage 2.4 \ loH = —400 pA
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Cisoth Input/Output Capacitance 10 pF Vijo = OV
CiNMW Input Capacitance 6 pF VN = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 170 Power
Input Rise and 10ns L L H Read DouTt Active
Fall Times
5 L H L Write Din Active
Input and Output -
Timing Levels 1.5V H X X Standby and High Z Standby
17TL Gat d Write Inhibit
ate an
Output Load CL = 100 pF X L X Write Inhibit — —
X X H Write Inhibit — —_

Note: (1) This parameter is periodically sampled and not 100% tested.
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X2804AM

A.C. CHARACTERISTICS

Ta = —55°Cto +125°C, Voo = +5V +£10%, unless otherwise specified.
Read Cycle Limits
Symbol Parameter X2804AM X2804AM-35 X2804AM-45 Units
Min. Max. Min. Max. Min. Max.
tRc 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
tLz Chip Enable to Output in Low Z 10 10 10 ns
tz(@) 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(d Output Disable to Output in High Z 10 100 10 150 10 150 ns
toH Output Hold from Address Change 20 20 20 ns
Read Cycle
[ the -
ADDRESS * . K X
——tcg——p|
CE —\ L —
N /
~——top —
OE v
. Vm
WE 7
-tz — tonz
-~ tg 7 |E— — thz
HIGH Z
DATA 1/0 | 4 DATA VALID
0052-3

Note: (2) tyz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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X2804AM

Write Cycle Limits

Symbol Parameter X2804AM X2804AM-35 X2804AM-45 Units
. Min. Max. Min. Max. Min. Max.
twe Write Cycle Time 10 10 10 ms
taAs Address Setup Time 10 10 10 ns
tAH Address Hold Time 150 150 150 ns
tcs Write Setup Time 0 0 0 ns
tcH Write Hold Time 0 0 0 ns
tow Chip Enable to End of Write Input 150 175 230 ns
toes Output Enable Setup Time 10 10 10 ns
toeH Output Enable Hold Time 10 10 10 ns
twp Write Pulse Width 150 175 230 ns
twPH Write Control Recovery 50 50 50 ns
tpv Data Valid Time 1 1 1 ns
tps Data Setup Time 135 175 230 ns
toH Data Hold Time 15 20 30 ns

WE Controlled Write Cycle

ADDRESS

DATA IN

DATA OUT

-

twe »

DI JP— 4——-—'»«-—-—-”

AANN N

. Y TTTITT O
ZZ7 BN SNNNV /i
AN Y AAANV/A v N

oy
-«

——— typy —

DATA VALID

—<XZE§ZZ>(

A

HIGH Z

XXX~

0052-4
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X2804AM

E Controlled Write Cycle

ADDRESS

- t o
<t s —— [ ——t
N - tew > -
N
cE \ ) SNV A N

< twp —|
|<—‘OES—> tOEH |t

"7y ) AANNRNV/ANN vy
WE :———'cs—> <—tcn—>l| Jl, c
DATA IN XZZXZXZX%%%( DATA VALID Ajgzzzjm

<——'os—>l<—ina

HIGH Z

DATA OUT

0052-5
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X2804AM

PIN DESCRIPTIONS

Addresses (Ag-Ag)

The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0g~1/07)
Data is written to or read from the X2804A through the
1/0 pins.

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

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2804A supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first.

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

WRITE PROTECTION

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

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

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

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

ENDURANCE

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMSs is approximately
1% million cycles, as documented in RR504, the Xicor
Reliabifity Report on Endurance. Included in that report
is a method for determining the expected endurance of
the device based upon the specific application environ-
ment. RR504 and additional reliability reports are avail-
able from Xicor.




X2804AM

SYSTEM CONSIDERATIONS

Because the X2804A is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
I/O pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2804A has two power modes, standby
and active, proper decoupling of the memory array is

of prime concern. Enabling CE will cause transient cur-
rent spikes. The magnitude of these spikes is depen-
dent on the output capacitive loading of the 1/0s.
Therefore, the larger the array sharing a common bus,
the larger the transient spikes. The voltage peaks as-
sociated with the current transients can be suppressed
by the proper selection and placement of decoupling
capacitors. As a minimum, it is recommended that a
0.1 pF high frequency ceramic capacitor be used be-
tween Vg and GND at each device. Depending on the
size of the array, the value of the capacitor may have
to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vgc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE

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

_ﬂ_ from Low to from Low to
High High
May change Will change
_“_ from High to from High to
Low Low
Don't Care: Changing :
M Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance

3-15




X2804AM

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature
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icor

DATA SHEET SUPPLEMENT ®

4K Mil-Std-883C X2804AMB ’ 512 x 8 Bit

Electrically Erasable PROM

A.C. AND D.C. REQUIREMENTS FOR CHIP ERASE With the exception of Vog, all device A.C. and D.C. pa-

The X2804AMB provides a mode of operation that rameters are the same as those for normal operation.
erases the entire contents of the memory in one write The chip erase operation is only guaranteed on Mil-
cycle. This mode is entered by raising OE to between Std-883C product.

+20V and +22V, placing all 1/0s at V| and perform-

ing a standard write operation. The erasure will be

completed in 10 ms.

A.C. CHIP ERASE CHARACTERISTICS

Symbol Parameter Limits Units
Min. Max.
tcs CE to WE Setup Time 10 ns
tosw Data to WE Setup Time 10 ns
tbH Data Hold Time 50 ns
twp Write Pulse Width 175 ns
teH CE Hold Time 50 ns
tos Vog Setup Time 10 ns
toeH Vog Hold Time 10 ns
twe Write Cycle Time 10 ms
D.C. CHARACTERISTIC FOR Vo
Symbol Parameter Limits Units Note
Min. Max.
VoE OE Chip Erase Voltage +20 +22 v log = 10 pA
Chip Erase Cycle
Vee = 5V 10%
Ve INPUT
L~ — Voe
OF ——
- |15 —{toen
N / N
_ e B et
& ~
N
[<¢— tosw [ ton
1/0,_; ——-—————: ‘
 — twe >
Note: All timing is referenced to WE edges. 0053-1

May 1987
3-17



NOTES

3-18



iLor

70
Commercial X2816A .
16K Industrial X2816Al 2048 x 8 Bit

Electrically Erasable PROM

FEATURES DESCRIPTION

® Simple Byte Write Operation The Xicor X2816A is a 2K x 8 E2PROM, fabricated with
—No High Voltages Necessary the same reliable N-channel floating gate MOS tech-
—Single TTL Level WE Signal Modifies Data nology used in all Xicor 5V programmable nonvolatile
—Internally Latched Address 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.

¢ Reliable N-Channel Floating Gate MOS Xicor E2PROMs are designed and tested for applica-
Technology tions requiring extended endurance. Refer to Device

® Single 5V Supply Operation for further endurance information. Data re-

® Byte Write Time: 10 ms Max. tention is specified to be greater than 100 years.

o Fast Access Time: 250 ns Max.

o Low Power Dissipation
—Active Current: 110 mA Max.
—Standby Current: 50 mA Max.

¢ JEDEC Approved Byte-Wide Pinout

PIN CONFIGURATIONS FUNCTIONAL DIAGRAM
A7 NC NC NC Voc WE NC
f
N S
A - X
Y NC et BUFFERS 16,2384-8"
xamien 9 ] “e "ARRAY'
(TOPVIEW) “0) ——] DECODER
& Ag-A10
vor ADDRESS <
uos. INPUTS
WO1 /02 Vss NC 1/0; 1/04 1/Os.
o . BuFFERs 1/0 BUFFERS
— LAI":‘:ES AND LATCHES
DECODER 7 7
PIN NAMES 11111111
Ag—A10 Address Inputs %
1/09-1/07 Data Input/Output E _ | cczrm'zon. N
WE Write Enable wE—o 0%° 1/0y-1/0;
G—E— Chlp Enable DATA INPUTS/OUTPUTS
OE Output Enable Vec O—
Veo +5V Vss O—»
Vss Ground 0054-3
NC No Connect
May 1987
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X2816A, X2816Al

ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias

X2816A .. i —10°C to +85°C
X2816Al. ...t —65°C to +135°C
Storage Temperature .................... —65°C to +150°C

Voltage on any Pin with

RespecttoGround . ........... ..ol —~1.0Vto +7V
D.C.OutputCurrent.. ...t 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

X2816A Tp = 0°C to +70°C, Voo = +5V +£5%, unless otherwise specified.
X2816Al Tp = —40°C to +85°C, Vgc = +5V *10%, unless otherwise specified.

Symbol Parameter X2816A Limits X2816Al Limits Units Test Conditions
Min. Max. Min. Max.
Icc Vg Current (Active) 110 140 mA | CE=0E=V)
All1/0’s = Open
Other Inputs = Vo
Isg Vg Current (Standby) 50 60 mA CE =V, OE =V
All'l/O’s = Open
Other Inputs = Vo
I Input Leakage Current 10 10 [17.8 ViN = GND to Vo
o Output Leakage Current 10 10 pA Vout = GND to Vce
Vi Input Low Voitage —-1.0 0.8 —-1.0 0.8 Vv
ViH Input High Voltage 20 | Vgg +0.5 2.2 Voo +1.0 \
VoL Output Low Voltage 0.4 0.4 \ loL =2.1mA
VoH Output High Voltage 24 24 Vv loq = —400 pA
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Voo = 5V
Symboi Test Max. Units Conditions
CiotM Input/Output Capacitance 10 pF Vo = 0V
Cint Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 170 Power
Input Rise and L L H Read Dout Active
Fall Times 10ns
L H L Write DiN Active
Input and Output -
Timing Levels 1.5V H X X Standby and High Z Standby
Write Inhibit
Output Load 1 TTL Gate and - —
p! CL = 100 pF X L X Write Inhibit — —
X X H Write Inhibit — —

Note: (1) This parameter is periodically sampled and not 100% tested.
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X2816A, X2816Al

A.C. CHARACTERISTICS

X2816A Tp = 0°C to +70°C, Vog = +5V +5%, unless otherwise specified.
X2816Al Tp = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.

Read Cycle Limits

X2816A-25 X2816A X2816A-35 | X2816A-45
Symbol Parameter X2816Al-25 X2816Al X2816Al-35 | X2816Al-45 | Units
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
irc Read Cycle Time 250 300 350 450 ns
tce Chip Enable Access Time 250 300 350 450 ns
tAA Address Access Time 250 300 350 450 ns
toe Output Enable Access Time 120 120 135 150 ns
tLz Chip Enable to Output in Low Z 10 10 10 10 ns
tyz() Chip Disable to Output in High Z 10 | 100 10 100 10 | 150 | 10 150 ns
toLz Output Enable to Outputin Low Z 50 50 50 50 ns
tonz(d | Output Disable to Outputin HighZ | 10 100 10 100 10 150 10 150 ns
ton Output Hold from Address Change | 20 20 20 20 ns
Read Cycle
| < tre -
ADDRESS D‘( X X

- —tcg—————

CE N
N /
—1log—
OE J—
Vin
WE T
-tz —] <«—»{tonz
—| to 7 | —{ 1oy -— tuz
HIGH Z
DATA1/0 i 4 DATA VALID DATA VALID

0054-4

Note: (2) tyz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the outputs
are no longer driven.
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X2816A, X2816Al

Write Cycle Limits

X2816A-25 X2816A X2816A-35 | X2816A-45
Symbol Parameter X2816Al-25 X2816Al X2816A1-35 | X2816Al-45 | Units

Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
twe Write Cycle Time 10 10 10 10 ms
tas Address Setup Time 10 10 10 10 ns
taAH Address Hold Time 120 120 150 150 ns
tcs Write Setup Time 0 0 0 0 ns
tcH Write Hold Time 0 0 0 0 ns
tow Chip Enable to End of Write Input | 150 150 175 230 ns
toes Output Enable Setup Time 10 10 10 10 ns
toeH Output Enable Hold Time 10 10 10 10 ns
twp Write Pulse Width 150 150 175 230 ns
twpH Write Control Recovery 50 50 50 50 ns
tov Data Valid Time 1 1 1 1 us
tps Data Setup Time 120 135 175 230 ns
tpH Data Hold Time 15 15 20 30 ns

WE Controlled Write Cycle

ADDRESS

— —t g~
CE

DATA IN —m(

-—

twe >

———tag——— <——1Au-——>l

| |

ey 777777
I 7

toeH |~

AAN NN\ NV/AN v

DATA VALID

HIGH Z

- Ins———-—»]f—t DH >

AN V/Aivgy N

| ——— typy ——

R

0054-5
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X2816A, X2816Al

CE Controlled Write Cycle

-

L——
I
———tpg <—~—1AH-——>-

ce = SR NS\ Y/ivan NI

«—tops—P toEH [<t—p

. e

= ~Z7F SNNNRNV/AN vy

. «———tog—| —tcH—
WE T O\ [T7 7\
I FrA
-—tpy—]

4———!Ds—>{<—toﬂ

HIGH Z

DATA OUT

0054-6

3-23



X2816A, X2816Al

PIN DESCRIPTIONS

Addresses (Ag-A1g)
The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0¢~1/07)
Data is written to or read from the X2816A through the
1/0 pins.

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

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

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

A byte write operation, once initiated, will automatically
continue to completion, typically within 5 ms. In order
to take advantage of the typical write time as opposed
to the maximum specified time, the user can poll the
X2816A. The I/0 pins are placed in the high imped-
ance state during the internal programming cycle. Once
the internal cycle is complete, the X2816A may be ac-
cessed without any limitations. Therefore, the host can
poll an address with known data (preferably with ze-
roes), as soon as a compare is true, the 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 Iless than 20 ns will
not initiate a write cycle.

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

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

ENDURANCE

Xicor E2PROMSs are designed and tested for applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMs is approximately
/> million cycles, as documented in RR504, the Xicor
Reliability Report on Endurance. Included in that report
is a method for determining the expected endurance of
the device based upon the specific application environ-
ment. RR504 and additional reliability reports are avail-
able from Xicor.
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X2816A, X2816Al

SYSTEM CONSIDERATIONS

Because the X2816A is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where muitiple
1/0 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2816A has two power modes, standby
and active, proper decoupling of the memory array is

of prime concern. Enabling CE will cause transient cur-
rent spikes. The magnitude of these spikes is depen-
dent on the output capacitive loading of the 1/Os.
Therefore, the larger the array sharing a common bus,
the larger the transient spikes. The voltage peaks as-
sociated with the current transients can be suppressed
by the proper selection and placement of decoupling
capacitors. As a minimum, it is recommended that a
0.1 uF high frequency ceramic capacitor be used be-
tween Vg and GND at each device. Depending on the
size of the array, the value of the capacitor may have
to be larger.

In addition, it is recommended that a 4.7 pF electrolytic
bulk capacitor be placed between Voc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE

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

_ﬂ- from Low to from Low to
High High
May change Will change
_“_ from High to  from High to
Low Low
Don't Care: Changing:
M Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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X2816A, X2816Al

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature
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icoP

16K Military X2816AM 2048 x 8 Bit
Electrically Erasable PROM
FEATURES DESCRIPTION

¢ Simple Byte Write Operation
—No High Voltages Necessary
—Single TTL Level WE Signal Modifies Data
—iInternally Latched Address and Data
—Self Timed Write
—Noise Protected WE Pin

¢ Reliable N-Channel Floating Gate MOS
Technology

® Single 5V Supply

® Byte Write Time: 10 ms Max.

® Fast Access Time: 300 ns Max.

® Low Power Dissipation
—Active Current: 140 mA Max.
—Standby Current: 60 mA Max.

e JEDEC Approved Byte-Wide Pinout

The Xicor X2816A is a 2K x 8 E2PROM, fabricated with
the same reliable N-channel floating gate MOS tech-
nology used in all Xicor 5V programmable nonvolatile
memories. The X2816A features the JEDEC approved
pinout for byte-wide memories, compatible with industry
standard RAMs, ROMs, and EPROMs.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Refer to Device
Operation for further endurance information. Data re-
tention is specified to be greater than 100 years.

PIN CONFIGURATIONS

X2816A
(TOP VIEW)

RHERNEER

W01 10z Vss NC. I;Oa V04 i0s.
0055-10

PIN NAMES
Ao-A1o Address Inputs
1/0g-1/0O7 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 E2PROM
pa— AND ARRAY
—_1 opecopen
Ag-A1g
ADDRESS ¢
INPUTS
Y
BUFFERS
170 BUFFERS
— LATCHES AND LATCHES
DECODER
CONTROL
OF —  "Loaic ~
WE ——] 1/0p-1/07
DATA INPUTS/OUTPUTS
Vee O—»
Vgg O—

0055-3
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X2816AM

ABSOLUTE MAXIMUM RATINGS*

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

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

(Soldering, 10 SECONdS) . ... .. vvvvenr i, 300°C

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

*COMMENT

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

may affect device reliability.

Symbol Parameter Limits Units Test Conditions
Min. Max.
Icc V¢ Current (Active) 140 mA CE=0E =V
All 1/0’s = Open
Other Inputs = Vg
IsB Vg Current (Standby) 60 mA CE = Vi, OE = V.
Al I/O0’s = Open
Other Inputs = Vg
I Input Leakage Current 10 rA ViN = GND to Voo
Lo Output Leakage Current 10 pA Vout = GND to Vg
ViL Input Low Voltage -1.0 0.8 \
ViH Input High Voltage 2.2 Voo +1.0 \
VoL Output Low Voltage 0.4 \ loL = 2.1mA
VoH Output High Voltage 2.4 \" loH = —400 pA
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Cio Input/Output Capacitance 10 pF Vijo = OV
Cin() Input Capacitance k 6 pF ViN = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 170 Power
Input Rise and 10ns L L H Read Dout Active
Fall Times
5 L H L Write DiN Active
Input and Output -
Timing Levels 1.5V H X X Stgndby gr?d High Z Standby
T G ” Write Inhibit
ate an
Output Load CL = 100 pF X L X Write Inhibit — —
X X H Write Inhibit —_ —

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

3-28




X2816AM

A.C. CHARACTERISTICS
Ta = —55°Cto +125°C, Voo = +5V +£10%, unless otherwise specified.

Read Cycle Limits

Symbol Parameter X2816AM X2816AM-35 X2816AM-45 Units
Min. Max. Min. Max. Min. Max.
tRc 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
tLz Chip Enable to Output in Low Z 10 10 10 ns
tyz(@ 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

| <€ t >

ADDRESS :)’( - ) X

<« tce————

CE —\ (_'__'_
N /

——top —

OE — \\ —
. Viu
WE
1t z— —»{tonz
— | 'OLZ - —» iy - tuz
HIGH Z
DATA I/0 K DATA VALID DATA VALID

-t — ]

0055-4

Note: (2) tyz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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X2816AM

Write Cycle Limits

DATA IN

DATA OUT

DATA VALID

—@Z‘z’fZZﬂ(
- ‘ns————'>]<—

XXX

HIGH Z

Symbol Parameter X2816AM X2816AM-35 X2816AM-45 Units
) Min. Max. Min. Max. Min. Max.
twe Write Cycle Time 10 10 10 ms
tas Address Setup Time 10 10 10 ns
taAH Address Hold Time 150 150 150 ns
tcs Write Setup Time 0 0 0 ns
tcH Write Hold Time 0 0 0 ns
tow Chip Enable to End of Write Input 150 175 230 ns
toes Output Enable Setup Time 10 10 10 ns
toeH Output Enable Hold Time 10 10 10 ns
twp Write Pulse Width 150 175 230 ns
twPH Write Control Recovery 50 50 50 ns
tpv Data Valid Time 1 1 1 us
tps Data Setup Time 135 175 230 ns
tpH Data Hold Time 15 20 30 ns
WE Controlled Write Cycle
-— twe -
ADDRESS TZZZZZZZZZZZZZZ’IZZX :
—— s [ gy ]
L
& Wf'** *‘“‘*){//////} [N
| s
oE AR A AOMONNONANNJINNY
-t wp — >y
WE \C ya ~ vL
tov - typy —|

e

0055-5
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X2816AM

CE Controlled Write Cycle

ADDRESS M—
<t [——tp —

<——-—lcw——————-———>

CE \ NN ”: )
© N <—lwm——> \1\_

~<—logs—» toeH |—m

= 7y ASANNNN\Y/ANNWV;

———tcs—> —tcH—]
WE SO } 77 7\
| BEEe
——tpy—|
DATA IN DATA VALID IR
———tps——— [ —tpy,

HIGH Z

DATA OUT
0055-6




X2816AM

PIN DESCRIPTIONS

Addresses (Ag~A1o)

The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/09-1/07)
Data is written to or read from the X2816A through the
1/0 pins.

Write Enable (WE) ,
The Write Enable input controls the writing of data to
the X2816A.

DEVICE OPERATION

Read

Read operations are initiated by both OF and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

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

A byte write operation, once initiated, will automatically
continue to completion, typically within 5 ms. In order
to take advantage of the typical write time as opposed
to the maximum specified time, the user can poll the
X2816A. The 1/0 pins are placed in the high imped-
ance state during the internal programming cycle. Once
the internal cycle is complete, the X2816A may be ac-
cessed without any limitations. Therefore, the host can
poll an address with known data (preferably with ze-
roes), as soon as a compare is true, the 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 20 ns will
not initiate a write cycle.

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

® 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 applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMs is approximately
1, million cycles, as documented in RR504, the Xicor
Reliability Report on Endurance. Included in that report
is a method for determining the expected endurance of
the device based upon the specific application environ-
ment. RR504 and additional reliability reports are avail-
able from Xicor.
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X2816AM

SYSTEM CONSIDERATIONS

Because the X2816A is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
I/0 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2816A has two power modes, standby
and active, proper decoupling of the memory array is

of prime concern. Enabling CE will cause transient cur-
rent spikes. The magnitude of these spikes is depen-
dent on the output capacitive loading of the 1/0s.
Therefore, the larger the array sharing a common bus,
the larger the transient spikes. The voltage peaks as-
sociated with the current transients can be suppressed
by the proper selection and placement of decoupling
capacitors. As a minimum, it is recommended that a
0.1 uF high frequency ceramic capacitor be used be-
tween Vo and GND at each device. Depending on the
size of the array, the value of the capacitor may have
to be larger.

In addition, it is recommended that a 4.7 pF electrolytic
bulk capacitor be placed between Vgc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voitage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE

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

_ﬁ_ from Low to from Low to
High High
May change Will change
_“ from High to from High to
Low Low
Don't Care: Changing :
sz Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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X2816AM

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature
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Normalized Access Time
vs. Ambient Temperature
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PRELIMINARY INFORMATION

jcor

Commercial X2816B :
16K Industrial X2816Bl 2048 x 8 Bit
Electrically Erasable PROM

FEATURES DESCRIPTION

® 250 ns Access Time
¢ High Performance Advanced NMOS
Technology
® Fast Write Cycle Times
—16-Byte Page Write Operation
—Byte or Page Write Cycle: 5 ms Typical
—Complete Memory Rewrite: 640 ms
Typical
—Effective Byte Write Cycle Time of 300 us
Typical
* DATA Polling
—Allows User to Minimize Write Cycle Time
¢ Simple Byte and Page Write
—Single TTL Level WE Signal
—Internatly Latched Address and Data
—Automatic Write Timing
e JEDEC Approved Byte-Wide Pinout

The Xicor X2816B is a 2K x 8 E2PROM, fabricated with
an advanced, high performance N-channel floating
gate MOS technology. Like all Xicor programmable
nonvolatile memories it is a 5V only device. The
X2816B features the JEDEC approved pinout for byte-
wide memories, compatible with industry standard
RAMs, ROMs and EPROMs.

The X2816B supports a 16-byte page write operation,
typically providing a 300 us/byte write cycle, enabling
the entire memory to be written in less than 640 ms.
The X2816B also features DATA Polling, a system soft-
ware support scheme used to indicate the early com-
pletion of a write cycle.

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

PIN CONFIGURATIONS

FUNCTIONAL DIAGRAM

Ar NC NC NC Vcc WE NC
I ¢
Ag As ]
I X
As Ao ——4 BUFFERS 16.384.BIT
A NC — LAX%rées E? PROM
Ay NC ——] ARRAY
X28168B —
® xa8168 N (TOP VIEW) oe ——{ DECODER
7 Ay A
A Ag-Ay
a0 € ADDRESS
Ne 1or INPUTS
1700 110s
¥01 1102 Vss NC 1/03 WO« |/0; —% Y
0071-2 - ?"};g&gg 110 BUFFERS
—_— AND AND LATCHES
DECODER
PIN NAMES - .
Ag-A1p Address Inputs 1 I I I I I I I
1/00p-1/07 Data Input/Output cE
WE Write Enable oE CONTROL N ,
CE Chip Enable wE roaic OOy
OE Output Enable DATA INPUTSIOUTPUTS
+
xCC Gri\tfnd Yo
SS Vss O—
NC No Connect 0071-3
May 1987
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X2816B, X2816BI

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
X2816B ... ... —10°Cto +85°C
X2816Bl.......cooviii —65°Cto +135°C
Storage Temperature .................... —65°C to +150°C
Voltage on any Pin with

RespecttoGround . ....................... =1.0Vto +7V
D.C.OutputCurrent......... ...t 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

X2816B Tp = 0°C to +70°C, Vg = +5V £10%, unless otherwise specified.
X2816Bl Tp = —40°C to +85°C, Vog = +5V +£10%, unless otherwise specified.

X2816B/X2816B-25 X2816BI1/X2816BI-25
Symbol Parameter Limits Limits Units| Test Conditions
Min. | Typ.(1)| Max. | Min. |Typ.(1)| Max.
lcc Voe Current (Active) 80 120 80 140 mA |CE = OE = V|_
All1/0’s = Open
Other Inputs = Vgg
Isg Vg Current (Standby) 45 60 45 70 mA |CE = V|4, 0E = V|_
All1/0’s = Open
Other Inputs = Vo
I Input Leakage Current 10 10 pA V)N = GNDto Ve
Lo Output Leakage Current 10 10 wA [Vouyt = GND
to Veo, CE = Vg
ViL Input Low Voltage —-1.0 0.8 —-1.0 0.8 \'
VIH Input High Voltage 2.0 Voo +1.0| 2.0 Vo +1.0| V
VoL Output Low Voltage 0.4 0.4 V |loL=2.1mA
VoH Output High Voltage 2.4 2.4 V |loy = —400 pA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.(1 Units
tpur(@ Power-Up to Read Operation 1 ms
tpuw(@ Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Voo = 5V
Symbol Test Max. Units Conditions
Ci/0@ Input/Output Capacitance 10 pF Viyo = OV
Cin® Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 1/0 Power
Input Bise and 10ns L L H Read DouT Active
Fall Times L H L Write Din Active
Input and Output 15V H X X Standby and High Z Standby
Timing Levels Write Inhibit
Output Load éLTT:L %‘B‘%g"d X L X Write Inhibit — _
X X H Write Inhibit — —

Notes: (1) Typical values are for T4 = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
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X2816B, X2816Bl

A.C. CHARACTERISTICS

X2816B Tp = 0°C to +70°C, Voo = +5V £10%, unless otherwise specified.
X2816Bl Tp = —40°Cto +85°C, Voo = +5V +10%, unless otherwise specified.

Read Cycle Limits

X2816B-25 X2816B
Symbol Parameter X2816BI-25 X2816BI Units
Min. Max. Min. Max.
tRc Read Cycle Time 250 300 ns
tce Chip Enable Access Time 250 300 ns
taA Address Access Time 250 300 ns
toe Output Enable Access Time 100 100 ns
tLz Chip Enable to Outputin Low Z 10 10 ns
thz® Chip Disable to Output in High Z 10 60 10 80 ns
toLz Output Enable to Output in Low Z 10 10 ns
topz(3 Output Disable to Output in High Z 10 60 10 80 ns
ton Output Hold from Address Change 10 10 ns
Read Cycle
———————thc———————
ADDRESS X X
|t g
CE —\ v
N /|
| —top—»|
—
OE _'W\
. Vm
WE
-l — ] - tonz
—>| loz [w&— —> lon |w— - thz
HIGH Z
DATA 1/0 i DATA VALID DATA VALID
et g g '

0071-4

Note: (3) tyz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.

3-37



X2816B, X2816Bl

Write Cycle Limits
Symbol Parameter Min. Typ.(4) Max. Units
twe Write Cycle Time 5 10 ms
tas Address Setup Time 10 ns
taH Address Hold Time 150 ns
tcs Write Setup Time 0 ns
tcH Write Hold Time 0 ns
tow CE Pulse Width 150 ns
toES OE High Setup Time 10 ns
toEH OE High Hold Time 10 ns
twp WE Pulse Width 150 ns
tWPH WE High Recovery 50 ns
tov Data Valid 300 ns
tps Data Setup 100 ns
toH Data Hold 15 ns
tow Delay to Next Write 500 us
tBLC Byte Load Cycle 3 20 1S
WE Controlled Write Cycle
- twe >
s —— > [t —|
g«
& ml"'“* Y TT7TTITN
! &
oE LZ)( ' MO\ INN
<—toes—> toen |- i
WE \'N v I AN J’ By—\\_
tov — typy ——|
DATA IN ——@ZW( DATA VALID m
- Ins—>l<—ton——>
DATA OUT m fienz
0071-5

Note: (4) Typical values are for T = 25°C and nominal supply voltage.
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X2816B, X2816Bl

CE Controlled Write Cycle
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—togs—» toEH |t

LN 4 Ty~
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0071-6

Page Mode Write Cycle

ol

L7117 /i K/
ST\ TN [N TN TN KX

twe

<—lgc—»

vE - (A Wy |
*ADDRESS X X X_ ],D( X X ]:IXZXXX:

7J

£

170 XXX X Y )f[ X LAST BYTE }———

BYTEO BYTE1 BYTE2 °° BYTEn BYTEn+1 BYTE n+2

|ty

0071-7

*For each successive write within the page write operation, A4—A1g should be the same or
writes to an unknown address could occur.
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X2816B, X2816BI

DATA Polling Timing Diagram
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X2816B, X2816BI

PIN DESCRIPTIONS

Addresses (Ag-A1g)
The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0g-1/07)
Data is written to or read from the X2816B through the
1/0 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X2816B.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2816B supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 5 ms.

Page Write Operation

The page write feature of the X2816B allows the entire
memory to be typically written in 640 ms. Page write
allows two to sixteen bytes of data to be consecutively
written to the X2816B prior to the commencement of
the internal programming cycle. Although the host sys-
tem may read data from any location in the system to
transfer to the X2816B, the destination page address
of the X2816B should be the same on each subse-
quent strobe of the WE and CE inputs. That is, A4

through Ao must be the same for each transfer of data
to the X2816B during a page write cycle.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to fifteen bytes in the same
manner as the first byte was written. Each successive
byte load cycle, started by the WE HIGH to LOW tran-
sition, must begin within 20 us of the falling edge of the
preceding WE. If a subsequent WE HIGH to LOW tran-
sition is not detected within 20 us, the internal auto-
matic programming cycle will commence. There is no
page write window limitation. The page write window is
infinitely wide, so long as the host continues to access
the device within the byte load cycle time of 20 us.

DATA Polling

The X2816B features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2816B, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, 1/07 will reflect true data.

WRITE PROTECTION

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

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

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

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

ENDURANCE

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMSs is approximately
1/, million cycles, as documented in RR504, the Xicor
Reliability Report on Endurance. Included in that report
is a method for determining the expected endurance of
the device based upon the specific application environ-
ment. RR504 and additional reliability reports are avail-
able from Xicor.

3-41




X2816B, X2816BI

SYSTEM CONSIDERATIONS

Because the X2816B is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
1/0 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2816B has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/Os. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 uF high fre-
gquency ceramic capacitor be used between Vg and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vgc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ_- from Low to from Low to
High High
May change Will change
_“_ from High to from High to
Low Low
Don't Care: Changing :
XXXXX Changes State Not
Allowed Known
Center Line
K s Hh
Impedance
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X2816B, X2816BlI

Normalized Active Supply Current Normalized Standby Supply Current
vs. Ambient Temperature vs. Ambient Temperature
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PRELIMINARY INFORMATION

iCor

16K Military X2816BM 2048 x 8 Bit
Electrically Erasable PROM
FEATURES DESCRIPTION

® 250 ns Access Time
® High Performance Advanced NMOS
Technology
® Fast Write Cycle Times
—16-Byte Page Write Operation
—Byte or Page Write Cycle: 5 ms Typical
~—Complete Memory Rewrite: 640 ms
Typical
—Effective Byte Write Cycle Time of 300 us
Typical
¢ DATA Polling
—Allows User to Minimize Write Cycle Time
e Simple Byte and Page Write
—Single TTL Level WE Signal
—Internally Latched Address and Data
—Automatic Write Timing
¢ JEDEC Approved Byte-Wide Pinout

The Xicor X2816B is a 2K x 8 E2PROM, fabricated with
an advanced, high performance N-channel floating
gate MOS technology. Like all Xicor programmable
nonvolatile memories it is a 5V only device. The
X2816B features the JEDEC approved pinout for byte-
wide memories, compatible with industry standard
RAMs, ROMs and EPROMs.

The X2816B supports a 16-byte page write operation,
typically providing a 300 us/byte write cycle, enabling
the entire memory to be written in less than 640 ms.
The X2816B also features DATA Polling, a system soft-
ware support scheme used to indicate the early com-
pletion of a write cycle.

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

PIN CONFIGURATIONS

M\ Ar NC NC NC Vec WE NC
A1 24 [ ] Vec ;
A ]2 23 [] A ; As
[ K 2[JA C As
a4 21 [ we Ne
a0s »[10e X28168 ne
ags x28168 [ Ao (TOP VIEW) 4 08
Al 18] CE A
a]s 177 o, { F
wo, 19 16 [ vos A vor
{ 10s
o, [ 10 15[ 105
o, ] 11 14 [ vo
: ] 0. 1101 110, Vss NC 1/03 1104 1/0s
Vss []12 13 [ wo,
0036-2

0036-1

PIN NAMES
Ag—-A1po Address Inputs
1/0p-1/07 Data Input/Output
WE Write Enable
CE Chip Enable
OE Output Enable
Vee +5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM

—
— X
——{ BUFFERS 16.384-BIT
—  LATCHES E?PROM
—] AND ARRAY
1 oEecooer
Ag-Ay
ADDRESS
INPUTS
Y
— fg:gssg 110 BUFFERS
— "M AND LATCHES
DECODER
= CONTROL N ,
OE LOGIC
WE 110,-110,
DATA INPUTS/OUTPUTS
VCC :
Vg O—

0036-3
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X2816BM

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias...............
Storage Temperature .................

Voltage on any Pin with

—65°C to +135°C
—65°C to +150°C

*COMMENT

Stresses above those listed under "“Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and the functional operation of the device at

Respectto Ground . ....................... —1.0Vto +7V these or any other conditions above those indicated in the op-
D.C.OutputCurrent . ..o v 5mA erational sections of this specification is not implied. Exposure
Lead Temperature to absolute maximum rating conditions for extended periods

(Soldering, 10 Seconds) . .........coovvrvrenenennn. 300°C may affect device reliability.

D.C. OPERATING CHARACTERISTICS
Ta = —55°Cto +125°C, Voo = +5V +£10%, unless otherwise specified.
Symbol Parameter Limits Units Test Conditions
Min. | Typ.(D Max.
lcc Vgc Current (Active) 80 140 mA | CE=0E =V
Alll/O’s = Open
Other Inputs = Vg
Is Ve Current (Standby) 45 70 mA | CE = Vu, OE = V|_
Alill/O’s = Open
Other Inputs = Voo

L Input Leakage Current 10 RA ViN = GND to Voo

Lo Output Leakage Current 10 pA | Voutr = GNDto Vg, CE = Viy

Vi Input Low Voltage -1.0 0.8 \"

ViH Input High Voltage 2.0 Voo +1.0 Vv

VoL Output Low Voltage 0.4 \' loL = 2.1 mA

VoH Output High Voltage 2.4 \' lon = —400 pA
TYPICAL POWER-UP TIMING

Symbol Parameter Typ.() Units
tpur(@ Power-Up to Read Operation 1 ms
tpuw(@ Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ci/0®® Input/Output Capacitance 10 pF Vijo = OV
Cin@ Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels{ OV to 3.0V CE OE WE Mode 170 Power
Input Rise and L L H Read DouT Active
Fall Times 10ns ; :
L L Write Din Active
Input and Output 1.5V H X X Standby and High Z Standby
Timing Levels Write inhibit
Output Load 1TTL Gate and X L X Write Inhibit — —
CL = 100 pF - —
X X H Write Inhibit —_ —

Notes: (1) Typical values are for Ty = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
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X2816BM

A.C. CHARACTERISTICS
Ta = —565°Cto +125°C, Voo = +5V £10%, unless otherwise specified.

Read Cycle Limits

Symbol Parameter X2816BM-25 X2816BM Units
Min. Max. Min. Max.
tRc Read Cycle Time 250 300 ns
tce Chip Enable Access Time 250 300 ns
taA Address Access Time 250 300 ns
toe Output Enable Access Time 100 100 ns
tz Chip Enable to Output in Low Z 10 10 ns
thz® Chip Disable to Output in High Z 10 60 10 80 ns
toLz Output Enable to Output in Low Z 10 10 ns
tonz®) Output Disable to Output in High Z 10 60 10 80 ns
toH Output Hold from Address Change 10 10 ns
Read Cycle
|« the -
ADDRESS * X X
-t ce———
CE —\|  —
N /]
—top—»
,—
OE _W\
_ Vu
WE
 —t 7 —] ~—»{tonz
—»| to1z {E— —» ton - .
HIGH Z
DATA 170 4 DATA VALID DATA VALID
[1———!;\‘———»
0036-4

Note: (3) tz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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X2816BM

Write Cycle Limits

DATA IN _m{

DATA VALID

- tDS_—_>I<_‘DH—">

HIGH Z

Symbol Parameter Min. Typ.4) Max. Units
twe Write Cycle Time 5 10 ms
tas Address Setup Time 10 ns
tAH Address Hold Time 150 ns
tcs Write Setup Time 0 ns
toH Write Hold Time 0 ns
tow CE Pulse Width 150 ns
toes OE High Setup Time 10 ns
toEH OE High Hold Time 10 ns
twp WE Pulse Width 150 ns
twpH WE High Recovery 50 ns
tov Data Valid 300 ns
tps Data Setup 100 ns
tDH Data Hold 15 ns
tow Delay to Next Write 500 s
tBLc Byte Load Cycle 3 20 us
WE Controlled Write Cycle
-% twe —>
e t A g |ty |
CJANNN wiins ~ Y7777
[ | 77
| IR
N
oF dR ol AN NN
wE N v % A TF \
N NN N ’ l \)’
tov /<-—— twpy ——> —

R

0036-5

Note: (4) Typical values are for Tp = 25°C and nominal supply voltage.
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X2816BM

CE Controlled Write Cycle

s <——tAH——>

\ v
/4___th"—>-

«—tops—»| toeH |t—
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. et o g | «—tcn—
WE N \\ / 7 7 7\
I 77

‘—'Ds——»]ﬂ—lm‘

HIGH Z
DATA OUT

0036-6

Page Mode Write Cycle
ok _/777 /i [
SN\ TN [N TN TN G

twe

|—lgLc—B

e /) (A Wy /a
*ADDRESS X X X )/b( X X JMKX:

7

o XX X X )f[L X Y LAST BYTE }————

BYTEO BYTE1 BYTE 2 “BYTEn BYTEn+1 BYTE n+2

———— twc ———

0036-7

*For each successive write within the page write operation, A4—A1¢ should be the same or
writes to an unknown address could occur.
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X2816BM

DATA Polling Timing Diagram

ADDRESS

CT—-Q

CERD 4 TR 4\ Y TR 5000

I Y A

£C

—V r ) \
WE \
tOEH‘WL_/_"_\_J/;_W
3
tow
1/07 = Doyt =X 5 Doyr =X
twe

0036-8
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X2816BM

PIN DESCRIPTIONS

Addresses (Ag-A1g)
The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0¢-1/07)
Data is written to or read from the X2816B through the
1/0 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X2816B.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2816B supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 5 ms.

Page Write Operation

The page write feature of the X2816B allows the entire
memory to be typically written in 640 ms. Page write
allows two to sixteen bytes of data to be consecutively
written to the X2816B prior to the commencement of
the internal programming cycle. Although the host sys-
tem may read data from any location in the system to
transfer to the X2816B, the destination page address
of the X2816B should be the same on each subse-
quent strobe of the WE and CE inputs. That is, A4

through Ao must be the same for each transfer of data
to the X2816B during a page write cycle.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to fifteen bytes in the same
manner as the first byte was written. Each successive
byte load cycle, started by the WE HIGH to LOW tran-
sition, must begin within 20 us of the falling edge of the
preceding WE. If a subsequent WE HIGH to LOW tran-
sition is not detected within 20 ps, the internal auto-
matic programming cycle will commence. There is no
page write window limitation. The page write window is
infinitely wide, so long as the host continues to access
the device within the byte load cycle time of 20 us.

DATA Polling

The X2816B features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2816B, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, 1/07 will reflect true data.

WRITE PROTECTION

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

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

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

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

ENDURANCE

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




X2816BM

SYSTEM CONSIDERATIONS

Because the X2816B is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
1/0 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2816B has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/0s. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 pF high fre-
quency ceramic capacitor be used between Vgc and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vgc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ_ from Low to from Low to
High High
May change Will change
_&_ from High to from High to
Low Low
Don't Care: Changing:
M Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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X2816BM

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature
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icor

DATA SHEET SUPPLEMENT ®

16K Mil-Std-883C X2816BMB 2048 x 8 Bit

Electrically Erasable PROM

A.C. AND D.C. REQUIREMENTS FOR CHIP ERASE With the exception of Vo, all device A.C. and D.C. pa-
The X2816BMB provides a mode of operation that rameters are the same as those for normal operation.
erases the entire contents of the memory in one write

cycle. This mode is entered by raising OE to between The chip erase operation is only guaranteed on Mik

+20V and + 22V, placing all 1/0s at V| and perform- Sta-863C product.
ing a standard write operation. The erasure will be
completed in 10 ms.
A.C. CHIP ERASE CHARACTERISTICS
Limits X
Symbol Parameter - Units
Min. Max.
tcs CE to WE Setup Time 10 ns
tpsw Data to WE Setup Time 10 ns
tDH Data Hold Time 50 ns
twp Write Pulse Width 175 ns
tcH CE Hold Time 50 ns
tos VoE Setup Time 10 ns
toEH VoE Hold Time 10 ns
twe Write Cycle Time 10 ms
D.C. CHARACTERISTIC FOR Vo
Limits )
Symbol Parameter - Units Note
Min. Max.
VoE OE Chip Erase Voltage +20 +22 v o = 10 pA
Chip Erase Cycle
Vee = 5V 210%
Ve INPUT
Y *—— Voe
OE——
—~pl | tog —»iloen
WE N twe > F—\
N / H
—] |-—tcs [t
- h
N——
| tosw &t
/0.7 ———::
-t- twe —
Note: All timing is referenced to WE edges. 0037-1

May 1987
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®
Commercial X2864A .
64K Industrial X2864Al 8192 x 8 Bit
Electrically Erasable PROM
FEATURES DESCRIPTION

® 250 ns Access Time
® Fast Write Cycle Times
—16-Byte Page Write Operation
—Byte or Page Write Cycle: 5 ms Typical
—Complete Memory Rewrite: 2.6 Sec.
Typical
—Effective Byte Write Cycle Time of 300 us
Typical
o DATA Polling
—Allows User to Minimize Write Cycle Time
¢ Simple Byte and Page Write
—Single TTL Level WE Signal
—Internally Latched Address and Data
—Automatic Write Timing
¢ JEDEC Approved Byte-Wide Pinout

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

The X2864A supports a 16-byte page write operation,
effectively providing a 300 ws/byte write and enabling
the entire memory to be written in less than 2.6 sec-
onds. The X2864A also features DATA Polling, a sys-
tem software support scheme used to indicate the ear-
ly completion of a write cycle.

Xicor E2PROMSs are designed and tested for applica-
tions requiring extended endurance. Refer to Device
Operation for further endurance information. Data re-
tention is specified to be greater than 100 years.

PIN CONFIGURATIONS

A7_Aiz NC_NC Vec WE NC

X2864A

(TOP VIEW)

1101 /07 Vss NC 110 104 1105

0070-2

PIN NAMES
Ag-Aq2 Address Inputs
1/Qp-1/07  Data Input/Output
WE Write Enable
CE Chip Enable
OE Output Enable
Vce +5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM

_] X
— BUFFERS 65,536-BIT
1 atcHes E2PROM
1 AnD ARRAY
Ao-Ar, | —] DECODER
ADDRESS | |
INPUTS | T
] Y
RS 1 ] vo surrers
N v AND LATCHES
DECODER .
& —] contROL
oty LOGIC R e ————
OE—1  “AnD 1/0g-1107
WE— 1iming | DATA INPUTS/IOUTPUTS
Vce O—»
Vgg O—»

0070-3
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X2864A, X2864Al

ABSOLUTE MAXIMUM RATINGS*

X2864Al. ...l

Storage Temperature
Voltage on any Pin with

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

*COMMENT

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

RespecttoGround........................ —1.0Vto +7V
D.C.Output Current . .......oviniii i iieeiiennannn 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

X2864A Tp = 0°C to +70°C, Voo = +5V £5%, unless otherwise specified.
X2864Al Tp = —40°C to +85°C, Voo = +5V +10%, unless otherwise specified.

Symbol Parameter X2864A Limits | X2864Al Limits Units Test Conditions
Min. Max. Min. Max.
lcc Ve Current (Active) 140 140 mA |CE=O0E =V
Alll/O’s = Open
Other Inputs = Vo
Is Vce Current (Standby) 60 70 mA |CE =V, OE =V
Alll/O’s = Open
Other Inputs = Voo
L Input Leakage Current 10 10 pA | VN = GNDto Ve
Lo Output Leakage Current 10 10 pA | Vout = GNDto Vg, CE = V4
Vi input Low Voltage -10| o8 -1.0]| 08 Y
Vin input High Voltage 20 |Vcc +0.5| 2.0 [Vgc +1.0( V
VoL Output Low Voltage 0.4 ’ 0.4 V |loL=21mA
VoH Output High Voltage 2.4 2.4 V |loy = —400 pA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.(1) Units
tpur®@ Power-Up to Read Operation 1 ms
truw@ Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ci/0@ Input/Output Capacitance 10 pF Vijo = OV
CiN®@ Input Capacitance 8 pF Vin = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 1/0 Power
Input _Rise and 10ns L L H Read Dout Active
Fall Times L L Write Din Active
!I[}&l;:\grll_de\%lj;pm 1.5V H X X s\;rai?glt:\yh?b?? High Z Standby
Output Load éLTL'- 1G0aot?: ;"d X L X Write Inhibit _ —
X X H Write Inhibit — —_

Notes: (1) Typical values are for Tp = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
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X2864A, X2864Al

A.C. CHARACTERISTICS

X2864A Tp = 0°C to +70°C, Voo = +5V +5%, unless otherwise specified.
X2864Al Tp = —40°C to +85°C, Voo = +5V +10%, unless otherwise specified.

Read Cycle Limits

X2864A-25 X2864A X2864A-35 | X2864A-45
Symbol Parameter X2864Al1-25 | X2864Al1 | X2864Al-35 | X2864Al-45 Units
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
tRc Read Cycle Time 250 300 350 450 ns
tce Chip Enable Access Time 250 300 350 450 ns
taA Address Access Time 250 300 350 450 ns
toe Output Enable Access Time 100 100 100 100 ns
tz Chip Enable to Output in Low Z 10 10 10 10 ns
tyz3) Chip Disable to Output in High Z 10 60 10 80 10 80 10 100 ns
toLz Output Enable to Outputin Low Z 10 10 10 10 ns
tonz® | Output Disable to Outputin HighZ | 10 60 10 80 10 80 10 | 100 ns
ton Output Hold from Address Change | 10 10 10 10 ns
Read Cycle
| tac -
ADDRESS D‘( X X
|- tce -
CE _—W& //'_——"
|[<—tog—»

OE _\\ v

— _Vm

WE — Lz —] tonz

—| to s (-— —> thz
DATA 1/0 —HZ K DATA VALID
0070-4

Note: (3) tyz and tpqz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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X2864A, X2864Al

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 10 ms
tas Address Setup Time 10 ns
taH Address Hold Time 200 ns
tcs Write Setup Time 0 ns
tcH Write Hold Time 0 ns
tow CE Pulse Width 150 ns
toes OE High Setup Time 10 ns
toeH OE High Hold Time 10 ns
twp WE Puise Width 150 ns
twPH WE High Recovery 50 ns
tov Data Valid 300 ns
tps Data Setup 100 ns
toH Data Hold 20 ns
tow Delay to Next Write 500 us
telc Byte Load Cycle 3 40 us

WE Controlled Write Cycle

DATA IN —M(

- ins———blq—

DATA VALID

HIGH Z

ADDRESS BZ)C
s | —— LAy —
i |—tcs— <—tcH—>
CE
| I 77
I \ Y o 4
<—1ops—P toeH |—m
- 2 e
WE NC v AV v
toy < typy ——>|

-

0070-5
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X2864A, X2864Al

CE Controlled Write Cycle

-
-t

ADDRESS

<t s— <_—tAH_‘>'

te

ql

- togs—a| oeH |

N <_lm_,w[§7“¥

>
b T

e

44

H

:\

| ——tcg—>

! ”

DATA OUT

— °"*Jlf/////]:/'///\

€ —tpy—|

<—'os—>|<-—‘ou

HIGH Z

0070-6

Page Mode Write Cycle

/i

T\ LTI\ [TN HIAM_MJLK

<—tgc—»

- Ny o

o _////

CE

WE
*ADDRESS X

o RRXRKXXRRX X X__ X LAST BYTE )—1—

X XXX J[XRXXX

BYTEO BYTE1 BYTE2 “ BYTEn BYTEn+1 BYTE n+2

|t ———— tyy ¢ |

0070-7

*For each successive write within the page write operation, A4-A42 should be the same or
writes to an unknown address could occur.
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X2864A, X2864Al

DATA Polling Timing Diagram

ADDRESS A XXX An Xm X0 QROOXXX

S /T
WE ) — —
toeH tops—s]
" i
tow
/07 — Doyt =X —{§ Doyt =X
twe

0070-8
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X2864A, X2864Al

PIN DESCRIPTIONS

Addresses (Ap-Aq2)

The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0¢-1/07)
Data is written to or read from the X2864A through the
170 pins.

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

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2864A supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 5 ms.

Page Write Operation

The page write feature of the X2864A allows the entire
memory to be written in 2.6 seconds. Page write allows
two to sixteen bytes of data to be consecutively written
to the X2864A prior to the commencement of the inter-
nal programming cycle. The destination addresses for
a page write operation must reside on the same page;
that is, A4 through A42 must not change.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to fifteen bytes in the same
manner as the first byte was written. Each successive
byte write cycle must begin within 20 pus of the falling
edge of WE of the preceding cycle. If a subsequent
WE HIGH to LOW transition is not detected within
20 ps the internal automatic programming cycle will
commence.

DATA Polling

The X2864A features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2864A, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on /07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, |/07 will reflect true data.

WRITE PROTECTION

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

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

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

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

ENDURANCE

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMs is documented in
RR504, the Xicor Reliability Report on Endurance. In-
cluded in that report is a method for determining the
expected endurance of the device based upon the spe-
cific application environment. RR504 and additional re-
liability reports are available from Xicor.

3-63




X2864A, X2864Al

SYSTEM CONSIDERATIONS

Because the X2864A is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
170 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2864A has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/0s. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 uF high fre-
quency ceramic capacitor be used between Voo and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vgc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE

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

_ﬁ— from Low to from Low to
High High
May change Will change
_“_ from High to from High to
Low Low
Don't Care: Changing:
XXXXX Changes State Not
Allowed Known
Center Line
Impedance




X2864A, X2864Al

Normalized Active Supply Current
vs. Ambient Temperature

Normalized Standby Supply Current
vs. Ambient Temperature

1.4
Voo =5.0V
o 12 AN
°
[=]
[
¥ 0
<
=
x
o
Z o8 AN
06
-55 +25 +125

AMBIENT TEMPERATURE (°C)
0070-9

1.4
Ve =5.0v
- 12 AN
0
o
]
5 1.0
<
=
o
o
Z o8 AN
0.6
-55 +25 +125
AMBIENT TEMPERATURE (°C)

0070-10

Normalized Access Time
vs. Ambient Temperature

1.4
Vee=5.0V

NORMALIZED Ty,

0.8

0.6

=55 +125

+25

AMBIENT TEMPERATURE (°C)
0070-11
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®
64K Military X2864AM 8192 x 8 Bit
Electrically Erasable PROM
FEATURES DESCRIPTION

® 250 ns Access Time
¢ Fast Write Cycle Times
—16-Byte Page Write Operation
—Byte or Page Write Cycle: 5 ms Typical
—Complete Memory Rewrite: 2.6 Sec.
Typical
—Effective Byte Write Cycle Time of 300 us
Typical
¢ DATA Polling
—Allows User to Minimize Write Cycle Time
® Simple Byte and Page Write
—Single TTL Level WE Signal
—internally Latched Address and Data
—Automatic Write Timing
¢ JEDEC Approved Byte-Wide Pinout

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

The X2864A supports a 16-byte page write operation,
effectively providing a 300 ps/byte write and enabling
the entire memory to be written in less than 2.6 sec-
onds. The X2864A also features DATA Polling, a sys-
tem software support scheme used to indicate the ear-
ly completion of a write cycle.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Refer to Device
Operation for further endurance information. Data re-
tention is specified to be greater than 100 years.

PIN CONFIGURATIONS

FUNCTIONAL DIAGRAM

A7_Aiz NC NC Vec WE NC
] X
1 BUFFERS 65,536-BIT
1 LatcHes E2PROM
—1 anD ARRAY
(1%2864A Ao-Ay2 | —} DECODER
P VIEW) ADDRESS | |
X2864A \NPUTS 1 T
- Y
—] BUFFERS
] 1/0 BUFFERS
YA AT Ar Ay Ay e ] ano Latcres
0069-2 —{ DECODER
00691 —
CE —] CONTROL
58 —] toaic —
WE AND 1/109-1/07
—1 TIMING DATA INPUTS/OUTPUTS
PIN NAMES Vee O
Ag-A12 Address Inputs Vss O—
1/0g-1/07 Data Input/Output 0069-3
WE Write Enable
CE Chip Enable
OE Output Enable
Vee +5V
Vss Ground
NC No Connect
May 1987
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X2864AM

ABSOLUTE MAXIMUM RATINGS* *COMMENT

Temperature UnderBias.................. —65°C to +135°C Stresses above those listed under “Absolute Maximum Rat-

Storage Temperature .................... —65°C to +150°C ings” may cause permanent damage to the device. This is a

Voltage on any Pin with stress rating only and the functional operation of the device at
RespecttoGround........................ —1.0Vto +7V these or any other conditions above those indicated in the op-

D.C.Output Current .. ... ..coevei i 5 mA erational sections of this specification is not implied. Exposure

Lead Temperature

to absolute maximum rating conditions for extended periods

(Soldering, 10 Seconds) ...........coviiiiii.... ..300°C may affect device reliability.
D.C. OPERATING CHARACTERISTICS
Ta = —55°Cto +125°C, Voo = +5V +£10%, unless otherwise specified.
Symbol Parameter Limits Units Test Conditions
Min. Max.
lcc Vg Current (Active) 140 mA CE = OE = V.

All1/O’s = Open
Other Inputs = Vg

Isg Vg Current (Standby) 70 mA CE=VRQOE =V,
Alll/O’s = Open
Other Inputs = Voo
I Input Leakage Current 10 pA ViN = GND to Voo
Lo Output Leakage Current 10 nA Vout = GND to Vg, CE = Vi
ViL Input Low Voltage —1.0 0.8 \'
ViH Input High Voltage 2.0 Voe +1.0 \]
VoL Output Low Voltage 0.4 Y loL = 2.1 mA
VoH Output High Voltage 2.4 \') lon = —400 pA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.(1) Units
tpyr® Power-Up to Read Operation 1 ms
tpuw@ Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vog = 5V
Symbol Test Max. Units Conditions
Ci/0®@ Input/Output Capacitance 10 pF Vo = OV
CinG@ Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 1/0 Power
Input Rise and 10ns L L H Read Dout Active
Fall Times L H L Write Din Active
grpnt:; g'l‘_‘i \%‘fg’“t 1.5V H X X \?Jﬁtnedll:\yh?tﬂ? High Z Standby
Output Load 1CLTT=L 160?(; and X L X Wirite Inhibit _ —
X X H Write Inhibit — —

Notes: (1) Typical values are for To = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.

3-68



X2864AM

A.C. CHARACTERISTICS

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

Read Cycle Limits

Symbol Parameter X2864AM-25 | X2864AM | X2864AM-35 | X2864AM-45 Units
Min. | Max. | Min. | Max. [ Min. | Max. | Min. | Max.
trc Read Cycle Time 250 300 350 450 ns
tce Chip Enable Access Time 250 300 350 450 ns
taa Address Access Time 250 300 350 450 ns
toe Output Enable Access Time 150 150 150 150 ns
tz Chip Enable to Outputin Low Z 10 10 10 10 ns
tyz(3 | Chip Disable to Output in High Z 10 60 10 80 10 80 10 100 | ns
toLz Output Enable to Output in Low Z 10 10 10 10 ns
tonz®) | Output Disable to OutputinHighZ | 10 60 10 80 10 80 10 100 ns
tom Output Hold from Address Change| 10 10 10 10 ns
Read Cycle
e ——— R ——— e~
ADDRESS X X
CE ——j\ vV
tog—
OE — | .
R ™
WE T
«—tiz - tonz
— toz [E— —»  ton - thz
HIGH Z
DATA 170 1 @ DATA VALID DATA VALID
———tpp————>
0069-4

Note: (3) tyz and toHz are measured from the point when CE or OE return high (whichever occurs first) to the time when the

outputs are no longer driven.
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X2864AM

Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 10 ms
tas Address Setup Time 10 ns
taH Address Hold Time 200 ns
tcs Write Setup Time 0 ns
tcH Write Hold Time 0 ns
tow CE Pulse Width 150 ns
toEs OE High Setup Time 10 ns
toEH OE High Hold Time 10 ns
twp WE Pulse Width 150 ns
tWPH WE High Recovery 50 ns
tpv Data Valid 300 ns
tps Data Setup 100 ns
toH Data Hold 20 ns
tow Delay to Next Write 500 Ms
teLC Byte Load Cycle 3 20 15
WE Controlled Write Cycle
- twe >

ADDRESS

gt g g ———

AN N

- 'AH—->|

{ L

<—tops—

/

toem [

|

K~

L

DATA IN ——ML

N

ra

tov

oy
e e

| twpy ——

DATA VALID

——————— IDS———r»l-d-——‘DH

HIGH Z

AN/

XKROI R

0069-5
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X2864AM

E Controlled Write Cycle

ADDRESS M
- tas—— P |ty —
CE w P4 < m
AR NN\, N
’<—toss—> toeH [«a—m
e
= TZZy SANNNNV/ANN g
. ——tog—— <—lcH—>
WE N ’ 77 7\

—tpy—m|

l 4/
oara i XXX KK KXKK KK o j’@zzz]jzzzzz

<———los——>}<———'uu

HIGH Z
DATA OUT

0069-8

Page Mode Write Cycle
= 7 I/ o
FTTN LA TN [N TN TN KD

twe

<—tgic—

v o (A2 Wany/a .
*ADDRESS X X HDL X X ]m

7J

B

—

170 XXX X X )/f X Y LAST BYTE )——

BYTEO BYTE1 BYTE2 ~° BYTEn BYTEn+1 BYTE n+2

——— tyc ———

0069-7

*For each successive write within the page write operation, A4—A12 should be the same or
writes to an unknown address could occur.
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X2864AM

DATA Polling Timing Diagram

ADDRESS XXX An )m WO QOOXX

{C
aE £ \
t<:'EH1__/__-__’ b_\_—F(E:
OE
tow
1/07 (L On=X ) { Pour=X ) 15 Doyt =X
twe

0069-8
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X2864AM

PIN DESCRIPTIONS

Addresses (Ag-A13)
The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/09-1/07)
Data is written to or read from the X2864A through the
170 pins.

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

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2864A supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 5 ms.

Page Write Operation

The page write feature of the X2864A allows the entire
memory to be written in 2.6 seconds. Page write allows
two to sixteen bytes of data to be consecutively written
to the X2864A prior to the commencement of the inter-
nal programming cycle. The destination addresses for
a page write operation must reside on the same page;
that is, A4 through Aq2 must not change.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to fifteen bytes in the same
manner as the first byte was written. Each successive
byte write cycle must begin within 20 us of the falling
edge of WE of the preceding cycle. If a subsequent
WE HIGH to LOW transition is not detected within
20 ps the internal automatic programming cycle will
commence.

DATA Polling

The X2864A features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2864A, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/O7 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, |/07 will reflect true data.

WRITE PROTECTION

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

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

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

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

ENDURANCE

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMSs is documented in
RR504, the Xicor Reliability Report on Endurance. In-
cluded in that report is a method for determining the
expected endurance of the device based upon the spe-
cific application environment. RR504 and additional re-
liability reports are available from Xicor.
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SYSTEM CONSIDERATIONS

Because the X2864A is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
170 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2864A has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/0s. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 uF high fre-
quency ceramic capacitor be used between Vgc and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vo and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE

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

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

Normalized Standby Supply Current
vs. Ambient Temperature
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Normalized Access Time
vs. Ambient Temperature
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DATA SHEET SUPPLEMENT

64K Mil-Std-883C X2864AMB 8192 x 8 Bit

Electrically Erasable PROM

A.C. AND D.C. REQUIREMENTS FOR CHIP ERASE

CHIP ERASE FUNCTIONALITY WILL BE GUARANTEED VIA C-SPEC ONLY. ADD C6600 TO XICOR PART

NUMBER WHEN ORDERING.

The X2864AMB provides a mode of operation that With the exception of Vog, all device A.C. and D.C. pa-
erases the entire contents of the memory in one write rameters are the same as those for normal operation.

cycle. This mode is entered by raising OE to between h . . y d Mil
+18V and + 22V, placing all I/0s at V|4 and perform- e chip erase operation is only guaranteed on Mi-

ing a standard write operation. The erasure will be Std-883C product.

completed in 10 ms.
A.C. CHIP ERASE CHARACTERISTICS

Limits .
Symbol Parameter Units
Min. Max.
tcs CE to WE Setup Time 10 ns
tpsw Data to WE Setup Time 10 ns
tor Data Hold Time 50 ns
twp Write Pulse Width 175 ns
toH CE Hold Time 50 ns
tos VoE Setup Time 10 ns
toeH VoE Hold Time 10 ns
twe Write Cycle Time 10 ms
D.C. CHARACTERISTIC FOR Vg
Limits .
Symbol Parameter - Units Note
Min. Max.
Vo OE Chip Erase Voltage +18 +22 \" loe = 10 pA
Chip Erase Cycle
Vee = 5V 210%
Vee INPUT
% <— Voe
oE———
—]  f—tgg —toen
WE B tue y [N
N_ / N
- —!  |w—tcs - ton
" I~
N
[— tosw L‘tnu
1/0¢.7 ——:
- twe >
Note: All timing is referenced to WE edges. 0088-1

May 1987
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icor

®
Ultra High .
64K Temperature X2864AT 8192 x 8 Bit
Electrically Erasable PROM
FEATURES DESCRIPTION

® 350 ns Access Time
® Fast Write Cycle Times
—16-Byte Page Write Operation
~—Byte or Page Write Cycle: 10 ms Typical
—Complete Memory Rewrite: 5.2 Sec.
Typical
—Effective Byte Write Cycle Time of 600 us
Typical
¢ DATA Polling
—Allows User to Minimize Write Cycle Time
¢ Simple Byte and Page Write
—Single TTL Level WE Signal
~—internally Latched Address and Data
—Automatic Write Timing
¢ JEDEC Approved Byte-Wide Pinout

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

The X2864A supports a 16-byte page write operation,
effectively providing a 600 us/byte write and enabling
the entire memory to be written in less than 5.2 sec-
onds. The X2864A also features DATA Polling, a sys-
tem software support scheme used to indicate the ear-
ly completion of a write cycle.

Xicor E2PROMSs are designed and tested for applica-
tions requiring extended endurance. Refer to Device
Operation for further endurance information. Data re-
tention is specified to be greater than 100 years.

PIN CONFIGURATIONS
D vee . 7 Az .NC .NC Yc:: tNE .NC.
] We
[ ne
71 A A
1A
[ An
2 [0k A
] Ao
[ CE
] voy
1 10s
] os
[] vo.
] o

X2864A
(TOP VIEW)

X2864A

10y

0066-1

PIN NAMES
Ag-Aq2 Address Inputs
1/Qp~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 65,536-BIT
: LATCHES | E2PROM
—) ano ARRAY
Ao-Ay; | —] DECODER
ADDRESS
INPUTS | r
] Y -
| BUFFERS | | 1o muFreRs
LATCHES
AND AND LATCHES
DECODER -
CE —{ CONTROL
OF — LOGIC —————
o= AND 1/09-1/07
WE—1 TimMiNG DATA INPUTS/OUTPUTS
Ve O—»
Vsg O—»

0066-3
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X2864AT

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias.................. —10°C to +160°C
Storage Temperature .................... —-65°C to +160°C
Voltage on any Pin with
Respect to Ground. . ..
D.C. Output Current ... . ..
Lead Temperature
(Soldering, 10 Seconds) ..........coviuvviinnnn, 300°C

D.C. OPERATING CHARACTERISTICS

...—1.0Vto +7V

*COMMENT

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

Ta = 0°C to +150°C, Voo = +5V +£5%, unless otherwise specified.

Symbol Parameter Limits Units Test Conditions
Min. Max.
Icc Vg Current (Active) 110 mA CE=0E=V,
Alll/O’s = Open
Other Inputs = Voo
Isg Vg Current (Standby) 60 mA CE = Vi, OE = V.
All1/O’s = Open
Other Inputs = Voo
I Input Leakage Current 10 pA ViNn = GND to Ve
Lo Output Leakage Current 10 RA Vout = GND to Vce, CE = Viy
ViL Input Low Voltage -1.0 0.8 \'
ViH Input High Voltage 2.4 Voo +0.5 \i
VoL Output Low Voltage 0.5 Vv loL = 2.1 mA
VoH Output High Voltage 2.4 \' log = —400 pA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.(1 Units
tpyr@ Power-Up to Read Operation 1 ms
tpuw(@ Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Ci/0@ Input/Output Capacitance 10 pF Vio = OV
Cin® Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 1/0 Power
Input Rise and 10ns L L H Read Dout Active
Fall Times L H L Write Din Active
Input and Output 1.5V H X X Standby and High Z Standby
Timing Levels Write Inhibit
Output Load éLTT='- %agi ;"d X L X Write Inhibit — —
X X H Write Inhibit — —

Notes: (1) Typical values are for Ty = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
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A.C. CHARACTERISTICS
Ta = 0°Cto +150°C, Voo = +5V £5%, unless otherwise specified.

Read Cycle Limits

Symbol Parameter X2864AT-35 X2864AT-45 Units
Min. Max. Min. Max.
tRc Read Cycle Time 350 450 ns
tce Chip Enable Access Time 350 450 ns
tAA Address Access Time 350 450 ns
toe Output Enable Access Time 100 100 ns
tLz Chip Enable to Outputin Low Z 10 10 ns
thz® Chip Disable to Output in High Z 10 150 10 150 ns
toLz Output Enable to Outputin Low Z 10 10 ns
tonz® Output Disable to Output in High Z 10 150 10 150 ns
toH Output Hold from Address Change 10 10 ns
Read Cycle
|« thc -
ADDRESS * X X
—
CE T\, 4/'——'-—‘
—tog—»
oE —
N
— Viu
WE
|e—tiz— ——»{tonz
—»| toz |w— —» ton |w— -ty
HIGH Z
DATA 170 K DATA VALID DATA VALID
F———tu—————> !
0066-4

Note: (3) tyz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 20 ms
tas Address Setup Time 20 ns
tAH Address Hold Time 250 ns
tcs Write Setup Time 0 ns
tcH Write Hold Time 0 ns
tow CE Pulse Width 200 ns
toEs OE High Setup Time 10 ns
toeH OE High Hold Time 10 ns
twp WE Pulse Width 200 ns
twPH WE High Recovery 100 ns
tpv Data Valid 300 ns
tos Data Setup 200 ns
tpH Data Hold 20 ns
tow Delay to Next Write 500 us
teLc Byte Load Cycle 3 40 us

WE Controlled Write Cycle

t
wC

o
—

DATA IN —m(

ADDRESS
———— g —— P |ty
CIANNN Nl 009 94|V
I I red
| r
o ANANNNNV/ANg
<—toes—>| toeH |
wE N\ A N

Y

DATA VALID

| —— 'DS_—»F—'DH—"

HIGH Z

\\YJ[SS’“\_

R~

0066-5
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CE Controlled Write Cycle

ADDRESS M
et p g 4-——4,,"——»

o X [Avan
N ’«_:w,.,_*w N—

«—tops—P 1oeH |t—p

-

o : e "

_ ——tcs—> a—tcH—]
WE XM V7T TA 77N
I 77

——tpy—|

4—-—'05——->‘<—lou

HIGH Z
DATA OUT

0066-6

Page Mode Write Cycle

8!

I/ Xy
__\_QA_ZZA_JMM /AN

we oA AT
*ADDRESS X X X__ﬂ X X X J/,BZXXX:

110 XRRRXXXRX X XX LAST BYTE )———

BYTEO BYTE1 BYTE2 BYTEn BYTE n+1 BYTE n+2

[ty ———

0066-7

*For each successive write within the page write operation, A4—A1» should be the same or
writes to an unknown address could occur.
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DATA Polling Timing Diagram

soosess i WRORX XX (RN XXX

W_Eﬂ LC

PR \
toen tops—n
o "
tow

1/0y ==l D =X ) Doyt =X 45 Doyr =X

twe

| —

0066-8
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X2864AT

PIN DESCRIPTIONS

Addresses (Ao—A12)

The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0¢-1/07)
Data is written to or read from the X2864A through the
1/0 pins.

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

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2864A supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 10 ms.

Page Write Operation

The page write feature of the X2864A allows the entire
memory to be written in 5.2 seconds. Page write allows
two to sixteen bytes of data to be consecutively written

to the X2864A prior to the commencement of the inter-
nal programming cycle. The destination addresses for
a page write operation must reside on the same page;
that is, A4 through Aq2 must not change.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to fifteen bytes in the same
manner as the first byte was written. Each successive
byte write cycle must begin within 20 us of the falling
edge of WE of the preceding cycle. |f a subsequent
WE HIGH to LOW transition is not detected within
20 ps the internal automatic programming cycle will
commence.

DATA Polling

The X2864A features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2864A, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xXxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, 1/07 will reflect true data.

WRITE PROTECTION

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

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

® 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 applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMs is documented in
RR504, the Xicor Reliability Report on Endurance. In-
cluded in that report is a method for determining the
expected endurance of the device based upon the spe-
cific application environment. RR504 and additional re-
liability reports are available from Xicor.
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SYSTEM CONSIDERATIONS

Because the X2864A is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where muitiple
170 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2864A has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/0s. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 uF high fre-
quency ceramic capacitor be used between Vg and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vcc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
ﬁ_ from Low to from Low to
High High
May change Will change
—“_ from High to from High to
Low Low
Don't Care: Changing :
m Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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Normalized Active Supply Current Normalized Standby Supply Current
vs. Ambient Temperature vs. Ambient Temperature
1.2 1.2
1.1 1.1
o 10 o 10
2 n
g 09 N~ E 0.9
N
fr} 0.8 3 0.8 N
3 3 N
Z o7 N Z o7
(o] [«]
= 06 Z 06
0.5 0.5
0.4 0.4
=25 425 #75 4125 #175 =25 425 475 4125 #175
T, (°C) T, (°C)
0066-9 0066-10
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PRELIMINARY INFORMATION ®
Commercial X2864B .
64K Industrial X2864BI 8192 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES
® 120 ns Access Time
® High Performance Scaled NMOS
Technology
® Fast Write Cycle Times
—32-Byte Page Write Operation
—Byte or Page Write Cycle: 3 ms Typical
—Complete Memory Rewrite: 750 ms
Typical
—Effective Byte Write Cycle Time of 95 us
Typical
® DATA Polling
—Allows User to Minimize Write Cycle Time
¢ Simple Byte and Page Write
—Single TTL Level WE Signal
—Internally Latched Address and Data
—Automatic Write Timing
e JEDEC Approved Byte-Wide Pinout

DESCRIPTION

The Xicor X2864B is a 8K x 8 E2PROM, fabricated with
an advanced, high performance N-channel floating
gate MOS technology. Like all Xicor programmable
nonvolatile memories it is a 5V only device. The
X2864B features the JEDEC approved pinout for byte-
wide memories, compatible with industry standard
RAMs, ROMs and EPROMs.

The X2864B supports a 32-byte page write operation,
effectively providing a 95 us/byte write cycle and en-
abling the entire memory to be written in less than
750 ms. The X2864B also features DATA Polling, a
system software support scheme used to indicate the
early completion of a write cycle.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Data retention is
specified to be greater than 10 years.

PIN CONFIGURATIONS

A7 A1z NC NC Vec WE NC

<
&8
8

X2864B

(TOP VIEW)

|1z Arrr 3 E

2
X28648

CE

101 1102 Vss NC 1/0q 1104 1/0s

0031-2

PIN NAMES
Ag-Aq2 Address Inputs
1/0p-1/O7  Data Input/Output
WE Write Enable
CE Chip Enable
OE Output Enable
Veo +5V
VSS Ground
NC No Connect

FUNCTIONAL DIAGRAM

] X
] BUFFERS 65,536-BIT
—] LATCHES | EZPROM
—] AND ARRAY
Ao-Ay; | — DECODER
ADDRESS
INPUTS 1 1
— Y
) rines | vo surrers
4 " anD AND LATCHES
—1 DECODER
e —} conTROL
ot —] vocic —
9t AND 1/0o-1/07
WE—1 1iMiNG DATA INPUTS/OUTPUTS
Ve O—»
Vss O—»

0031-3
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- X2864B, X2864BlI

ABSOLUTE MAXIMUM RATINGS*

B o —10°C to +85°C
X2864Bl.................. ...—65°Cto +135°C
Storage Temperature ............ ..—65°C to +150°C
Voltage on any Pin with

RespecttoGround................ovvunn ~1.0Vto +7V
D.C.OutputCurrent ..........ooviiiiii it 5mA
Lead Temperature

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

X2864B Tp = 0°C to +70°C, Voo = +5V £5%, unless otherwise specified.
X2864B| Tp = —40°C to +85°C, Vgg = +5V +£5%, unless otherwise specified.

Symbol Parameter Limits Units Test Conditions
Min. | Typ.() Max.
lcc Ve Current (Active) 80 150 mA | CE=0E =V
Alll/O’s = Open
Other Inputs = Vo
Is Vg Current (Standby) 50 80 mA | CE =V, OE =V
Alll/O’s = Open
Other Inputs = Vco
L Input Leakage Current 10 pA ViN = GND to Voo
Lo Output Leakage Current 10 pA | Vout = GNDto Vg, CE = Viy
Vi Input Low Voltage -1.0 0.8 Vv
VIH Input High Voltage 2.0 Ve +1.0 \'
VoL Output Low Voltage 0.4 \' lop = 2.1 mA
VoH Output High Voltage 24 \" loy = —400 pA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.(Y) Units
tpyr(@ Power-Up to Read Operation 1 ms
tpuw(@ Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vgg = 5V
Symbol Test Max. Units Conditions
Ci/0 Input/Output Capacitance 10 pF Vijo = OV
CiN® Input Capacitance 6 pF Vin = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0.4V to 2.4V CE OE WE Mode 1/0 Power
Input Bise and 10ns L L H Read Dout Active
Fall Times L H L Write DIN Active
'T'}Pm‘;;;“[; OuPLt | 0.8V and 2.0V H X X Standoyang | HighZ | Standoy
Output Load 1 TTL Gate and X L X Write Inhibit — —
C_ = 100 pF - —
X X H Write Inhibit — —

Notes: (1) Typical values are for Ty = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
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X2864B, X2864BI

A.C. CHARACTERISTICS

X2864B Tp = 0°C to +70°C, Vg = +5V +5%, unless otherwise specified.
X2864Bl Tp = —40°C to +85°C, Voc = +5V 5%, unless otherwise specified.

Read Cycle Limits

X2864B-12 X2864B-15 X2864B-18
Symbol Parameter X2864BI-12 X2864BI-15 X2864BI-18 Units
Min. Max. Min. Max. Min. Max.
trc Read Cycle Time 120 150 180 ns
tce Chip Enable Access Time 120 150 180 ns
tAA Address Access Time 120 150 180 ns
toe Output Enable Access Time 50 70 100 ns
t 7 CE Low to Active Output 0 0 0 ns
toLz OE Low to Active Output 0 0 0 ns
thz® CE High to High Z Output 0 50 0 50 0 50 ns
tonz(®) OE High to High Z Output 0 50 0 50 0 50 ns
toH Output Hold from Address Change 0 0 0 ns
Read Cycle
tre |
ADDRESS :>I ' X
tee
A /
e top—]
3 _\F A
wE - t t t
Lz AA r—tonz—=
HIGH Z fz [ o i
DATA 1/0 DATA VALID DATA VALID
' 003t-5

Note: (3) tyz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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Write Cycle Limits
Symbol Parameter Min. Typ.(4) Max. Units
twe Write Cycle Time 3 5 ms
tas Address Setup Time 5 ns
tAH Address Hold Time 50 ns
tcs Write Setup Time 0‘ ns
tcH Write Hold Time 0 ns
tow CE Pulse Width 100 ns
toes OE High Setup Time 10 ns
toEH OE High Hold Time 10 ns
twp WE Pulse Width 100 ns
twPH WE High Recovery 500 ns
tpv Data Valid 100 us
tps Data Setup 50 ns
toH Data Hold 5 ns
tow Delay to Next Write 10 us
tBLC Byte Load Cycle 1 100 us

WE Controlled Write Cycle

e tAH — &

tw

C
KRR RX KKK KKK KRIKIIR ST

<—-tCH—>|

tes
CE

[TTTITTTIINTZION

i

twp

%

N
~tov—~|

; s

] toen

)}

DATA VALID

tps

toH

T
HIGH Z

N—

KRR R0~

0031-6

Note: (4) Typical values are for Ty = 25°C and nominal supply voltage.
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X2864B, X2864BI

E Controlled Write Cycle

twe
abDRESS W KCOOOCTCOOTCCRR SXZXX::
e— tas —t— taH —
tow e
EE b 3) \h
—’l toes — ~—] toen

= ZIII7 JHANNANARNNAR NNV
- “L-— €S —*] — cn—; u

-ty
oata - XXXXXXXXXXKXR) KRR, SRRKRRKERRX
tps ! toH
HIGH Z

DATA OUT
00317

Page Mode Write Cycle

= /777 ) o)
T N\ AN I\ 7\ RN

= AR A

'WPH

*ADDRESS N X NG SD( X X \'QXZX

7

vo XXXXXXXX XX XS X X[ >—+

7
BYTEO BYTE 1 BYTE 2 BYTE n BYTEn#1 | BYTEn+2
twe

0031-8

*For each successive write within the page write operation, As—A12 should be the same or
writes to an unknown address could occur.
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X2864B, X2864BI

DATA Polling Timing Diagram

soovess —_am XXX XXX XX XX

wE T\ 7 SS \

le—toeH toes —-
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X2864B, X2864BI

PIN DESCRIPTIONS

Addresses (Ag-Aq2)

The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0g-1/07)
Data is written to or read from the X2864B through the
1/0 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X2864B.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line contro! architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2864B supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 3 ms.

Page Write Operation
The page write feature of the X2864B allows the entire
memory to be written in 750 ms. Page write allows two

to thirty-two bytes of data to be consecutively written to
the X2864B prior to the commencement of the internal
programming cycle. The destination addresses for a
page write operation must reside on the same page;
that is, As through A2 must not change.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to thirty-one bytes in the
same manner as the first byte was written. Each suc-
cessive byte load cycle, started by the WE HIGH to
LOW transition, must begin within 100 us of the falling
edge of the preceding WE. If a subsequent WE HIGH
to LOW transition is not detected within 100 us the in-
ternal automatic programming cycle will commence.
There is no page write window limitation. The page
write window is infinitely wide so long as the host con-
tinues to access the device within the byte load cycle
time of 100 us.

DATA Polling

The X2864B features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2864B, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, 1/07 will reflect true data.

WRITE PROTECTION

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

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

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

Because the X2864B is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
170 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2864B has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/Os. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 uF high fre-
quency ceramic capacitor be used between Vgg and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Voo and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE

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

ﬁ-— from Low to from Low to
High High
May change Will change
_“_ from High to from High to
Low Low
Don't Care: Changing :
M Changes State Not
Allowed Known
Center Line
L v is High
Impedance
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PRELIMINARY INFORMATION ®
64K Military X2864BM 8192 x 8 Bit
Electrically Erasable PROM

TYPICAL FEATURES DESCRIPTION

® 120 ns Access Time
¢ High Performance Scaled NMOS
Technology
® Fast Write Cycle Times
—32-Byte Page Write Operation
—Byte or Page Write Cycle: 3 ms Typical
—Complete Memory Rewrite: 750 ms
Typical
—Effective Byte Write Cycle Time of 95 us
Typical
® DATA Polling
—Allows User to Minimize Write Cycle Time
¢ Simple Byte and Page Write
—Single TTL Level WE Signal
—Internally Latched Address and Data
—Automatic Write Timing
e JEDEC Approved Byte-Wide Pinout

The Xicor X2864B is an 8K x 8 E2PROM, fabricated
with an advanced, high performance N-channel floating
gate MOS technology. Like all Xicor programmable
nonvolatile memories it is a 5V only device. The
X2864B features the JEDEC approved pinout for byte-
wide memories, compatible with industry standard
RAMs, ROMs and EPROMs.

The X2864B supports a 32-byte page write operation,
effectively providing a 95 us/byte write cycle and en-
abling the entire memory to be written in less than
750 ms. The X2864B also features DATA Polling, a
system software support scheme used to indicate the
early completion of a write cycle.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Data retention is
specified to be greater than 10 years.

PIN CONFIGURATIONS

|

A7 A1z NC NC Ve WE NC

ne [ 281 vee
a2 [} we e
a]s 26 NC N
A4 2574 A
As [ 247 A
A]s 2] A A X2864B
a7 22 [JOF A (TOP VIEW)
a[]8 X28648 21 [ Ao A
M 20 (7] CE N
a0 19 [ 7] wor 10,
u0e [] 11 18] 1os
oy [] 12 17[] 1os
o, {13 16 [ w04
Vss [] 14 15[] 103
0032-1
PIN NAMES
Ap-Aq2 Address Inputs
1/Qp~1/07  Data Input/Output
WE Write Enable
CE Chip Enable
OE QOutput Enable
Voo +5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM

1 X
—] BUFFERS 65,536-BIT
] rarcHes EZPROM
1 ano ARRAY
Ao-Ap | — pECODER
ADDRESS
INPUTS T T
_ Y
] BUFEERS 1 1 1o BuFFERS
LATEHES AND LATCHES
— AND
~1 oecooer
e | RAAMAALL
OE—1 “anp 1/0g-1/07
WE— t1iming | DATA INPUTSIOUTPUTS
Vee O~
Vss O—»

0032-3
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X2864BM

ABSOLUTE MAXIMUM RATINGS*
Temperature UnderBias.................. —65°C to +135°C

Storage Temperature

Voltage on any Pin with

—65°Cto +150°C

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

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

D.C. OPERATING CHARACTERISTICS
Ta = —55°Cto +125°C, Vg = +5V *5%, unless otherwise specified.

*COMMENT

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

Symbo! Parameter Limits Units Test Conditions
Min. | Typ.(1) Max.
lcc Ve Current (Active) 80 150 mA | CE=0E =V
Alll/O’s = Open
Other Inputs = Vo
Iss Vg Current (Standby) 50 80 mA | CE = V|, 0E = V_
All1/O’s = Open
Other Inputs = V¢
I Input Leakage Current 10 pA ViN = GND to Vo
lio Output Leakage Current 10 wA Vout = GNDto Vg, CE = Viy
ViL Input Low Voltage -1.0 0.8 Vv
ViH Input High Voltage 2.0 Ve +1.0 \
VoL Output Low Voltage 0.4 \ loL = 2.1 mA
VoH Output High Voltage 24 1 loy = —400 nA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.(1) Units
tpyrd Power-Up to Read Operation 1 ms
teuw(@ Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vgc = 5V
Symbol Test Max. Units Conditions
Ci/0@ input/Output Capacitance 10 pF Viyo = 0V
Cin® Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0.4V to 2.4V CE OE WE Mode 1/0 Power
Input Bise and 10 ns L L H Read DouTt Active
Fall Times L H L Write Din Active
o vt | 08vand20v H X X | Standoyand | HighZ | Standoy
Output Load 1c,_TT=L ﬁ)ag% g"d X L X Write Inhibit — —
X X H Write Inhibit — —

Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
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A.C. CHARACTERISTICS
Ta = —55°Cto +125°C, Voo = +5V +5%, unless otherwise specified.

Read Cycle Limits

Symbol Parameter X2864BM-12 X2864BM-15 X2864BM-18 Units
Min. Max. Min. Max. Min. Max.
trc Read Cycle Time 120 150 180 ns
tce Chip Enable Access Time 120 150 180 ns
tAA Address Access Time 120 1560 180 ns
toe Output Enable Access Time 50 70 100 ns
tLz CE Low to Active Output 0 0 0 ns
toLz OE Low to Active Output 0 0 0 ns
thz(3) CE High to High Z Output 0 50 0 50 0 50 ns
tonz® OE High to High Z Output 0 50 0 50 0 50 ns
toH Output Hold from Address Change 0 0 0 ns
Read Cycle
tre I

|
[
ADDRESS x
I

tee
_ P
e L /]
J—
43 N A
WE Vin
t7 tan r+—tonz—=|
HIGH Z ozl o L S
DATA I/0 DATA VALID DATA VALID
i

0032-4

Note: (3) tyz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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Write Cycle Limits

Symbol Parameter Min. Typ.4) Max. Units
twe Write Cycle Time 3 5 ms
tas Address Setup Time 5 ns
tAH Address Hold Time 50 ns
tcs Write Setup Time 0 ns
tcH Write Hold Time 0 ns
tow CE Pulse Width 100 ns
toes OE High Setup Time 10 ns
toEH OE High Hold Time 10 ns
twp WE Pulse Width 100 ns
tweH WE High Recovery 500 ns
tov Data Valid 100 us
tps Data Setup 50 ns
tbH Data Hold 5 ns
tow Delay to Next Write 10 us
tsLc Byte Load Cycle 1 100 us
WE Controlled Write Cycle
twe
ADDRESS X R XXXXXXXX XXX XXX XX SZXXX::
— ‘Ast(;—:_— tan —» g
. (&
(3 4440[ \55555555555533\_55555}’
_ toes twp +—{ toEn -
WE e, i ] / )) \;
e—toy -]
oaTA N ———(XXXXXXN DATA VALID KRR, SRR~
tos | toH
HIGH Z

0032-5

Note: (4) Typical values are for Tp = 25°C and nominal supply voltage.
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CE Controlled Write Cycle

poosess Ty SRRRX T —

— tas —e—tan

. "[ toes :— L—» toen )) \‘-—

% 27727 3 (Y
tes —»] <—tcH—]
" TN AN

t,
cw r

oata W TRXXXXXXXXXR) (XX, SRRKRXKIKRR
tos | ton
DATA OUT HIGH 2
0032-6
Page Mode Write Cycle

® (777 ) S
g \_ZA_ZN\ N N N KN

twp tBLe

v\ N/

twen

*ADDRESS X X X \:D( XX SMX

10 XXOOXXXX___X X )GS X W AST BYTE Yot

BYTEO BYTE 1 BYTE2 BYTE n BYTEn+1 | BYTEn+2
twe

0032-7

*For each successive write within the page write operation, As—A42 should be the same or
writes to an unknown address could occur.
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DATA Polling Timing Diagram

aooress —_ A XROOK_w XXXVWXRRX 0 XXKRKRX
I S S /A | N N 2 W

= L—tosu irr Xr—

toes —

tow

o, — T ———E—§ (o
C

twi

0032-8
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X2864BM

PIN DESCRIPTIONS

Addresses (Ag~Aq2)
The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0¢-1/07)
Data is written to or read from the X2864B through the
I/0 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X2864B.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2864B supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 3 ms.

Page Write Operation
The page write feature of the X2864B allows the entire
memory to be written in 750 ms. Page write allows two

to thirty-two bytes of data to be consecutively written to
the X2864B prior to the commencement of the internal
programming cycle. The destination addresses for a
page write operation must reside on the same page;
that is, As through Ao must not change.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host
can write an additional one to thirty-one bytes in the
same manner as the first byte was written. Each suc-
cessive byte load cycle, started by the WE HIGH to
LOW transition, must begin within 100 us of the falling
edge of the preceding WE. If a subsequent WE HIGH
to LOW transition is not detected within 100 us, the
internal automatic programming cycle will commence.
There is no page write window limitation. The page
write window is infinitely wide, so long as the host con-
tinues to access the device within the byte load cycle
time of 100 ps.

DATA Polling

The X2864B features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2864B, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, |/07 will reflect true data.

WRITE PROTECTION

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

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

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

Because the X2864B is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
1/0 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2864B has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/0s. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 uF high fre-
guency ceramic capacitor be used between Vcc and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vg and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬂ- from Low to from Low to
High High
May change Will change
_&_ from High to from High to
Low Low
Don't Care: Changing :
m Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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PRELIMINARY INFORMATION ®
Commercial X2864H .
64K Industrial X2864HI 8192 x 8 Bit
Electrically Erasable PROM
TYPICAL FEATURES DESCRIPTION

® 70 ns Access Time
® High Performance Scaled NMOS
Technology
® Fast Write Cycle Times
—32-Byte Page Write Operation
—Byte or Page Write Cycle: 3 ms Typical
—Complete Memory Rewrite: 750 ms
Typical
—Effective Byte Write Cycle Time of 95 us
Typical
¢ DATA Polling
—Allows User to Minimize Write Cycle Time
¢ Simple Byte and Page Write
—Single TTL Level WE Signal
—Internally Latched Address and Data
—Automatic Write Timing
e JEDEC Approved Byte-Wide Pinout

The Xicor X2864H is a high speed 8K x 8 E2PROM,
fabricated with Xicor’'s proprietary, high performance,
N-channel floating gate MOS technology. Like all Xicor
programmable nonvolatile memories it is a 5V only de-
vice. The X2864H features the JEDEC approved pinout
for byte-wide memories, compatible with industry stan-
dard RAMs, ROMs, and EPROMs.

The X2864H supports a 32-byte page write operation,
effectively providing a 95 us/byte write cycle and en-
abling the entire memory to be written in less than
750 ms. The X2864H also features DATA Polling, a
system software support scheme used to indicate the
early completion of a write cycle.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Data retention is
specified to be greater than 10 years.

PIN CONFIGURATIONS

NC NC vcc WE NC

A X2864H
7 22 ]3¢ Ar {TOP VIEW)
s X2864H

02 Vss NC 1/03 1104 /05

PIN NAMES
Ao~-A12 Address Inputs
1/Qp~1/07  Data input/Output
WE Write Enable
CE Chip Enable
OE Output Enable
Voo +5V
Vss Ground
NC No Connect

FUNCTIONAL DIAGRAM

— X
— BuFFERS 65,536-BIT
1 LATCHES == E2PROM
AND ARRAY
—
Ao-Ay | — DECODER
ADDRESS
INPUTS T ]
— Y
] f:;gﬁ:g /0 BUFFERS
— o AND LATCHES
—1 DECODER
e Nae || ——————
OE AND 1/00-1/07
WE— 1miNG | DATA INPUTS/OUTPUTS
Vcc O—»
Vss O—n

0034-3
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X2864H, X2864HI

ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias
X2864H ..... ... —10°C to +85°C

X2864HI. ... .o —65°C to +135°C
Storage Temperature .................... —65°C to +150°C
Voltage on any Pin with

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

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

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

X2864H Tp = 0°C to +70°C, Voo = +5V +5%, unless otherwise specified.
X2864HI Tp = —40°C to +85°C, Voo = +5V 15%, unless otherwise specified.

Symbol Parameter Limits Units Test Conditions
Min. | Typ.(1) Max.
Icc Vcc Current (Active) 80 150 mA | CE=0E =V,
Alil/O’s = Open
Other Inputs = Vg
Isg Vg Current (Standby) 50 80 mA | CE=VROE =V,
Alll/O's = Open
Other Inputs = Vg
I Input Leakage Current 10 WA Vin = GND to Voo
ILo Output Leakage Current 10 pA | Vour = GNDto Vg, CE = Viy
ViL Input Low Voltage -1.0 0.8 \'
ViH Input High Voltage 2.0 Voe +1.0 \
VoL Output Low Voltage 0.4 \' loL = 2.1 mA
VoH Output High Voltage 2.4 Vv loy = —400 pA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.(D Units
tpyr®@ Power-Up to Read Operation 1 ms
tpuw® Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vgg = 5V
Symbol Test Max. Units Conditions
Cio@ Input/Output Capacitance 10 pF Viyo = OV
Cin® Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
input Pulse Levels| 0.4V to 2.4V CE OE WE Mode 170 Power
Input Bise and 10ns L L H Read Dout Active
Fall Times L H L Write Din Active
%I}&‘;;gﬁ%l’;p“t 0.8V and 2.0V H X X a}g?ed&yhﬁ;? Highz | Standby
Output Load 1c.TT=L 3Goa§= and X L X Write Inhibit — —
X X H Write Inhibit ) — —

Notes: (1) Typical values are for T = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
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X2864H, X2864HI

A.C. CHARACTERISTICS

X2864H Tp = 0°C to +70°C, Voo = +5V £5%, unless otherwise specified.
X2864HI Tpo = —40°C to +85°C, Vo = +5V +5%, unless otherwise specified.

Read Cycle Limits

X2864H-70 X2864H-90
Symbol Parameter X2864HI-70 X2864H1-90 Units
Min. Max. Min. Max.
trc Read Cycle Time 70 90 ns
tce Chip Enable Access Time 70 90 ns
tAA Address Access Time 70 90 ns
toe Output Enable Access Time 35 45 ns
tLz CE Low to Active Qutput ] 0 ns
toLz OE Low to Active Output 0 0 ns
thz® CE High to High Z Output 0 40 0 40 ns
tonz® OE High to High Z Output 0 40 0 40 ns
toH Output Hold from Address Change 0 0 ns
Read Cycle
R 1,
ADDRESS __ X X
tee
=T\ S
e top—»]
- BN Y
wE - t t l—tonz—+
HIGH 7 Lf0|.z - | k—ton—~ " ~— ‘HHZ —
DATA 1/0 DATA VALID DATA VALID
0034-4

Note: (3) tHz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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Write Cycle Limits
X2864H-70 X2864H-90
Symbol Parameter X2864HI-70 X2864HI-90 Units
Min. Max. Min. - Max.
twe Write Cycle Time 5 5 ms
tas Address Setup Time 5 5 ns
tAH Address Hold Time 50 50 ns
tcs Write Setup Time ns
tcH Write Hold Time ns
tow CE Pulse Width 60 80 ns
toes OE High Setup Time 10 10 ns
toEH OE High Hold Time 5 5 ns
twp WE Pulse Width 60 80 ns
tweH WE High Recovery 500 500 ns
tpv Data Valid 100 100 s
tps Data Setup 35 35 ns
toH Data Hold 5 5 ns
tow Delay to Next Write 10 10 us
tgLe Byte Load Cycle 1 100 1 100 S

WE Controlled Write Cycle

ADDRESS 3

KOO0 mnm{m

tes |

fe— tas —sle— tay —+

"‘tCH-"

A

y. NN

Ot ““2[
toes

T Y

twp | fe—{ toen
WE N “ N\
DATA IN DATA VALID m
tps L ton
HIGH Z

0034-5

3-108




X2864H, X2864HI

CE Controlled Write Cycle

twe
aooREss W K OOOCOOOOTOCKCKN SXXXX:_
e tAS — e tAH —]
tew C
CE N 7 )B \\_—.
—~ tors l— sl toEH

w 2277777 N EEERTRTRTR TRy
A I,

"_tDV —

tps | toH
HIGH Z

DATA OUT

0034-6

Page Mode Write Cycle

G

® /777 ) XK
T NN AN N 7N KN

« U A

WPH

-t
*ADDRESS X X X SD( X X sz
o XRRRRRX X X XA X Xosreme »—
BYTEO BYTE 1 BYTE2 EYTE n BYTE n+ 1 BYTEn+2
twe

0034-7

*For each successive write within the page write operation, As—A12 should be the same or
writes to an unknown address couid occur.
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DATA Polling Timing Diagram

ADDRESS An QOOX_ an XXXVWXXXK A XXXOXX

" -——\r—-]L-tot:H JSS toes Er_
L

1/0,

0034-8
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X2864H, X2864HI

PIN DESCRIPTIONS

Addresses (Ag—-Aq2)

The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0g=1/07)
Data is written to or read from the X2864H through the
1/0 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X2864H.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2864H supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 3 ms.

Page Write Operation
The page write feature of the X2864H allows the entire
memory to be written in 750 ms. Page write allows two

to thirty-two bytes of data to be consecutively written to
the X2864H prior to the commencement of the internal
programming cycle. The destination addresses for a
page write operation must reside on the same page;
that is, Ag through Ao must not change.

The page write mode can be entered during any write
operation. Following the initial byte write cycle, the host

- can write an additional one to thirty-one bytes in the

same manner as the first byte was written. Each suc-
cessive byte load cycle, started by the WE HIGH to
LOW transition, must begin within 100 us of the falling
edge of the preceding WE. If a subsequent WE HIGH
to LOW transition is not detected within 100 ps, the
internal automatic programming cycle will commence.
There is no page write window limitation. Effectively the
page write window is infinitely wide, so long as the host
continues to access the device within the 100 us byte
load cycle time.

DATA Polling

The X2864H features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2864H, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, 1/07 will reflect true data.

WRITE PROTECTION

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

® Voo Sense—All functions are inhibited when Vg is
<4.0V.

® Write Inhibit—Holding OE LOW, WE HIGH or CE
HIGH during power-on and power-off, will inhibit inad-
vertent writes.
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SYSTEM CONSIDERATIONS

Because the X2864H is frequently used in large memo-
ry arrays it is provided with a two'line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
170 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2864H has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/Os. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 nF high fre-
quency ceramic capacitor be used between Vgg and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vgc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
_ﬁ_ from Low to from Low to
High High
May change Will change
_“__ from High to from High to
Low Low
Don't Care: Changing :
m Changes State Not
Allowed Known
Center Line
M N/A is High
Impedance
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PRELIMINARY INFORMATION ®
64K Military X2864HM 8192 x 8 Bit
Electrically Erasable PROM

TYPICAL FEATURES DESCRIPTION

® 90 ns Access Time
e High Performance Scaled NMOS
Technology
® Fast Write Cycle Times
—32-Byte Page Write Operation
—Byte or Page Write Cycle: 3 ms Typical
—Complete Memory Rewrite: 750 ms
Typical
—Effective Byte Write Cycle Time of 95 us
Typical
® DATA Polling
—Allows User to Minimize Write Cycle Time
¢ Simple Byte and Page Write
—Single TTL Level WE Signal
—internally Latched Address and Data
—Automatic Write Timing
e JEDEC Approved Byte-Wide Pinout

The Xicor X2864H is a high speed 8K x 8 E2PROM,
fabricated with Xicor's proprietary, high performance,
N-channel floating gate MOS technology. Like all Xicor
programmable nonvolatile memories it is a 5V only de-
vice. The X2864H features the JEDEC approved pinout
for byte-wide memories, compatible with industry stan-
dard RAMs, ROMs and EPROMs.

The X2864H supports a 32-byte page write operation,
effectively providing a 95 p.s/byte write cycle and en-
abling the entire memory to be written in less than
750 ms. The X2864H also features DATA Polling, a
system software support scheme used to indicate the
early completion of a write cycle.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Data retention is
specified to be greater than 10 years.

PIN CONFIGURATIONS

ne [t 28{ ] vee
a2 27 [ WE .
a3 26N a
a4 257 A An
as[]s 2{]a NC
ALfs zQ A X2864H L3
::E : X2864H zf 3: (TOP VIEW)
Ay C 9 20 : CE NC
410 19 [ wo, ool
oo [ 11 187 vos
o, (]2 17 [ wos
o, [ 13 16 [ vou
vssE 1 15 [7] vos
0033-1

PIN NAMES

Ap-Aq2 Address Inputs

1/0g-1/07 Data Input/Output

WE Write Enable

CE Chip Enable

OE Output Enable

Voo +5V

Vss Ground

NC No Connect

FUNCTIONAL DIAGRAM

— X
—] BuFFERS 65,536-8IT
| LATCHES E2PROM
1 Ano ARRAY
Ao-Ar, | —] DECODER
ADDRESS
INPUTS ] |
— Y
I gt /0 BUFFERS
1 ano AND LATCHES
DECODER
&8 —{ contrOL
o ] toaic —
OF AND 1/0g-1/07
WE— nmine | DATA INPUTS/OUTPUTS
Ve O—»
Vss O——>

0033-3
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X2864HM

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias.................. —65°C to +135°C
Storage Temperature .................... —65°C to +150°C
Voltage on Any Pin with

Respectto Ground. ............ ..o..—1.0Vto +7V
D.C.OutputCurrent............oviiiiiiiiiiniennans 5 mA

Lead Temperature
(Soldering, 10 Seconds) ..........ccovviiiiennnn... 300°C

D.C. OPERATING CHARACTERISTICS

*COMMENT

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

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

Symbol Parameter Limits Units Test Conditions
Min. | Typ.(1) Max.
lcc Vec Current (Active) 80 150 mA | CE=0E =V
All1/0’s = Open
Other Inputs = Vo
Isg Ve Current (Standby) 50 80 mA | CE =V OE =V
All'1/0’s = Open
Other Inputs = Vg
I Input Leakage Current 10 HA ViNn = GND to Voo
Lo Output Leakage Current 10 pA | Vout = GNDto Vg, CE = Viy
ViL Input Low Voltage -1.0 0.8 \')
ViH Input High Voltage 2.0 Vog +1.0 \"
VoL Output Low Voltage 0.4 \ loL =2.1mA
VoH Output High Voltage 2.4 V' loq = —400 uA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.() Units
tpyr@ Power-Up to Read Operation 1 ms
tpyw (@ Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vog = 5V
Symbol Test Max. Units Conditions
Ci/0@ Input/Output Capacitance 10 pF Vijo = 0V
CiN®@ Input Capacitance 6 pF VIN = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0.4V to 2.4V CE OE WE Mode 170 Power
Input Rise and L L H Read Dout Active
Fall Ti 10ns
all times L H L Write DiN Active
inputand Output | o v and 2.0v H X X Standoyand | Highz | Standby
iming Levels Write Inhibit
1 TTL Gate and B e
X L X Write Inhibit — —
Output Load CL = 30 pF 1 |
X X H Write Inhibit — —

Notes: (1) Typical values are for T4 = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
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A.C. CHARACTERISTICS
Ta = —55°Cto +125°C, Voo = +5V £5%, unless otherwise specified.

Read Cycle Limits

Symbol Parameter Min. Max. Units
i=Te} Read Cycle Time 90 ns
tce Chip Enable Access Time 90 ns
tAA Address Access Time 90 ns
toe Output Enable Access Time 45 ns
tLz CE Low to Active Output 0 ns
torz OE Low to Active Output 0 ns
tyz® CE High to High Z Output 0 40 ns
tonz® OE High to High Z Output 0 40 ns
toH Output Hold from Address Change 0 ns
Read Cycle
tre {
ADDRESS ‘ X
tee
€ \L /|
e top—»
OF N[ /
" Vin
e e T e
DATA 1/0 Rz o DATA VALID = m DATA VALID
0033-4

Note: (3) tyz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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Write Cycle Limits

Symbol Parameter Min. Max. Units
twe Write Cycle Time 5 ms
tas Address Setup Time 5 ns
taAH Address Hold Time 50 ns
tcs Write Setup Time ns
tcH Write Hold Time ns
tow CE Pulse Width 80 ns
toes OE High Setup Time 10 ns
toeH OE High Hold Time 5 ns
twp WE Pulse Width 80 ns
twpPH WE High Recovery 500 ns
tov Data Valid 100 us
tps Data Setup 35 ns
tpH Data Hold 5 ns
tow Delay to Next Write 10 Hus
tBLC Byte Load Cycle 1 100 us
WE Controlled Write Cycle
twe _
aooress N KRR KKK KX KX KKK SR
fe— tas —ste—— tay —
— fe—teH—

tes
CE

JTITTITTTTESTTTIN

toes twp

UNANRNNARRANA NNV

le—] toEn
r C
wE NG g ) N
*"DV_’
tps L toy
HIGH Z

0033-5
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CE Controlled Write Cycle

twe
aDoREss X KRR KX KK KX RRK KKK XK
e— tAs ———sle—tay
tew { rc
CE L 3) \h.
toe

[t
°
Al

ANNARNARARN§ NNARNN AV

tos — e top—n
wE JTTTTTTTIATITTTTTIN
N Fd

“"tDV —
oata . KXXRXXXKXKXXRY oo
tps | ton
DATA OUT HIcHZ
0033-6
Page Mode Write Cycle

= (77 N K
N 72 N 7. 1.\ 1 N 1/ N

s WA AT

'WPH

r
*ADDRESS X X X SD( X X Smx
1o FRRXXIRX X X XA X Xwome >+
BYTEO BYTE 1 BYTE 2 JBYTE n BYTE n+ 1 BYTE n+2
twe

0033-7

*For each succcessive write within the page write operation, As—~A12 should be the same or
writes to an unknown address could occur.
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DATA Polling Timing Diagram

sovvess i XXX XRKS SRR X

|/07 { D )

0033-8
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X2864HM

PIN DESCRIPTIONS

Addresses (Ag—-A12)

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 buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0¢-1/07)
Data is written to or read from the X2864H through the
1/0 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X2864H.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X2864H supports both
a CE and WE controlled write cycle. That is, the ad-
dress is latched by the falling edge of either CE or WE,
whichever occurs last. Similarly, the data is latched in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 3 ms.

Page Write Operation
The page write feature of the X2864H allows the entire
memory to be written in 750 ms. Page write allows two

to thirty-two bytes of data to be consecutively written to
the X2864H prior to the commencement of the internal
programming cycle. The destination addresses for a
page write operation must reside on the same page;
that is, As through A2 must not change.

- The page write mode can be entered during any write

operation. Following the initial byte write cycle, the host
can write an additional one to thirty-one bytes in the
same manner as the first byte was written. Each suc-
cessive byte load cycle, started by the WE HIGH to
LOW transition, must begin within 100 us of the falling
edge of the preceding WE. If a subsequent WE HIGH
to LOW transition is not detected within 100 us, the
internal automatic programming cycle will commence.
There is no page write window limitation. Effectively the
page write window is infinitely wide, so long as the host
continues to access the device within the 100 us byte
load cycle time.

DATA Polling

The X2864H features DATA Polling as a method to in-
dicate to the host system that the byte write or page
write cycle has completed. DATA Polling allows a sim-
ple bit test operation to determine the status of the
X2864H, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, 1/07 will reflect true data.

WRITE PROTECTION

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

® Ve Sense—All functions are inhibited when Vg is
<4.0V.

® Write Inhibit—Holding OE LOW, WE HIGH or CE
HIGH during power-on and power-off, will inhibit inad-
vertent writes.
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SYSTEM CONSIDERATIONS

Because the X2864H is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
170 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X2864H has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/0s. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 pF high fre-
quency ceramic capacitor be used between Vgg and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vcc and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE

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

ﬁ_ from Low to from Low to
High High
May change Will change
-“_ from High to from High to
Low Low
Don't Care: Changing :
sz Changes State Not
Allowed Known
Center Line
L is High
Impedance
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icor

PRELIMINARY INFORMATION ®
Commercial X28256 .
256K |dustrial X282561 32K x 8 Bit

Electrically Erasable PROM

FEATURES DESCRIPTION
® 250 ns Access Time The Xicor X28256 is a 32K x 8 E2PROM, fabricated
® Fast Write Cycle Times with Xicor's proprietary, high performance, N-channel
—64-Byte Page Write Operation floating gate MOS technology. Like all Xicor program-
—Byte or Page Write Cycle: 5 ms Typical mable nonvolatile memories the X28256 is a 5V only
—Complete Memory Rewrite: 2.5 Sec. device. The X28256 features the JEDEC approved pin-
Typical out for byte-wide memories, compatible with industry

—Effective Byte Write Cycle Time: 78 us standard RAMs.
Typical The X28256 supports a 64-byte page write operation,
o Software Data Protection effectively providing a 78 us/byte write cycle and en-
o End of Write Detection abling the entire memory to be typically written in less
—DATA Polling than 2.5 seconds. The X28256 also features DATA
—Toggle Bit Polling, a system software support scheme used to in-

dicate the early completion of a write cycle. In addition,
the X28256 includes a user-optional software data pro-
tection mode that further enhances Xicor’s hardware
write protect capability.

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

e Upward Compatible with X2864A )_(icor EZPBQMS are designed and tested for agplic§~
e JEDEC Approved Byte-Wide Pinout tlons_ requiring extended endurance. Data retention is
specified to be greater than 10 years.
PIN CONFIGURATIONS FUNCTIONAL DIAGRAM
A“E A7 Ay Ay NC Vi .
] X
A‘:zE —1 BUFFERS 256K-BIT
. ] LATCHES | E2PROM
A 1 AnD ARRAY
0 X28256 Ag-A;s | —] DECODER
A (TOP VIEW) ADDRESS | ]
:a E X28256 = INPUTS I l
? Y
a O — BUFFERS
— | 1o BUFFERS
I/(::E 1‘0 101 1102 Vss NC 103 O4 IIO; : LA;CN:ES AND LATCHES
o [} 00292 DECODER
| T
vss ] & —] conTroL
~= [ —]
OE — L;?Séc 1/00-H07
WE— miming | DATA INPUTS/OUTPUTS
PIN NAMES Vec O—
Ag-A1s Address Inputs vss
1/0p-1/0; Data Input/Output o0ze-3
WE Write Enable
CE Chip Enable
OE Output Enable
Veo +5V
Vss Ground
NC No Connect
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X28256, X282561

ABSOLUTE MAXIMUM RATINGS* *COMMENT
Temperature Under Bias Stresses above those listed under “Absolute Maximum Rat-
X28256 .. ...ttt —10°C to +85°C ings” may cause permanent damage to the device. This is a
X282561 . ... —65°C to +135°C stress rating only and the functional operation of the device at
Storage Temperature .................... —65°C to +150°C these or any other conditions above those indicated in the op-
Voltage on any Pin with erational sections of this specification is not implied. Exposure
RespecttoGround........................ —1.0Vto +7V to absolute maximum rating conditions for extended periods
D.C.OutputCurrent. ........ooveiiiv i 5mA may affect device reliability.
Lead Temperature
(Soldering, 10 Seconds) ........ocvvuvvueeiennnann, 300°C

D.C. OPERATING CHARACTERISTICS
X28256 Tp = 0°C to +70°C, Vgc = +5V £5%, unless otherwise specified.

X28256| Tp = —40°C to +85°C, Voo = +5V £5%, unless otherwise specified.
Symbol ) Parameter Limits Units Test Conditions
Min. | Typ.(D Max.
Icc Vg Current (Active) 60 120 mA CE=0E =V
Alll/O’s = Open
Other Inputs = Vg
lsB Vg Current (Standby) 35 60 mA CE = Vju, OE = V)
All1/O’s = Open
Other Inputs = Vg
I Input Leakage Current 10 pA ViN = GND to Vg
Lo Output Leakage Current 10 pA | Voutr = GNDto Vg, CE = Viy
ViL Input Low Voltage —1.0 0.8 \')
ViH Input High Voltage 2.0 Vg +0.5 \"
VoL Output Low Voltage 0.4 \'] loL = 2.1 mA
VoH Output High Voltage 24 v lop = —400 pA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.(1) Units
tpur(® Power-Up to Read Operation 100 s
tpuw®@ Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Cyi/0(@ Input/Output Capacitance 10 pF Vijo = OV
CiN®@ Input Capacitance 6 pF ViN = OV
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 170 Power
Input Bise and 10ns L L H Read Dout Active
Fall Times L H L Write DiN Active
Input and Output 1.5V H X X Standby and High Z Standby
Timing Levels Write Inhibit
Output Load ELTL'- %%t‘: g“d X L X Write Inhibit — —
X X H Write Inhibit — —

Notes: (1) Typical values are for T4 = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
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A.C. CHARACTERISTICS

X28256 Tp = 0°Cto +70°C, Vog = +5V £5%, unless otherwise specified.
X282561 Tp = —40°C to +85°C, Vgc = +5V 5%, unless otherwise specified.

Read Cycle Limits

X28256-25 X28256 X28256-35
Symbol Parameter X282561-25 X282561 X282561-35 Units
Min. Max. Min. Max. Min. Max.
trc Read Cycle Time 250 300 350 ns
tce Chip Enable Access Time 250 300 350 ns
tAA Address Access Time 250 300 350 ns
toe Output Enable Access Time 100 100 100 ns
tLz CE Low to Active Output 0 0 0 ns
toLz OE Low to Active Output 0 0 0 ns
thz®) CE High to High Z Output 0 80 0 80 0 80 ns
tonz® OE High to High Z Output 0 80 0 80 0 80 ns
toH Output Hold from 0 0 0 ns
Address Change
Read Cycle

ADDRESS D{‘( X X

- —tce———

oE —\ —
N /]
<——tog—»
OE N\ l/
N
___ Vm
WE
—t 2 — tonz
—»| to; [*— —» ton thz
HIGH 2 \ﬁ
DATA1/0 DATA VALID DATA VALID

|<—-(AA—-—>

0029-4

Note: (3) thz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the outputs
are no longer driven.
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Write Cycle Limits

Symbol Parameter Min. Typ.(4) Max. Units
twe Write Cycle Time 5 10 ms
tas Address Setup Time 0 ns
tAH Address Hold Time 150 ns
tcs Write Setup Time 0 ns
tcH Write Hold Time 0 ns
tow CE Pulse Width 150 ns
toes OE High Setup Time 10 ns
toEH OE High Hold Time 10 ns
twp WE Pulse Width 150 ns
twpH WE High Recovery 1 us
tpv Data Valid 300 ns
tps Data Setup 100 ns
toH Data Hold 15 ns
tow Delay to Next Write 10 us
teLc Byte Load Cycle 2 100 us

WE Controlled Write Cycle

- 1
- we P

ADDRESS
g |t ]

AN N TTTTTITON
[ L4

| L
oE Q/r AROONONNANNTINNY
<—togs—P

- 1. > o

N A \\x LJ N \L
toy | twpy ——|

-

- lps——>|<—lpu—->

HIGH Z

WE N\

0029-5

Note: (4) Typical values are for T = 25°C and nominal supply voltage.
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CE Controlled Write Cycle

-t [ ——ty ——>

tcw

ce N ‘*_lw_,mfyﬂ¥

|<_l°Es—-> toeH |[—m

=T 7¥ —_——y~

L | ——ts—| a—tcH—|
LLEEAN 777
T r W
< tpy—>|

‘————‘ns——-D-Id—ID“

HIGH Z

DATA OUT
0029-6

Page Write Cycle

Al
mi

L7 1f

T \_/A\ [T\ JMM_MDL

we = U A Wy /AU
*ADDRESS X X X_/:/:X X X TM@

170 00O X X )/[ X X LAST BYTE —

BYTEO BYTE1 BYTE2 °  BYTEn BYTE n+1 BYTE n+2

f———— tywe ————
0029-7

*For each successive write within the page write operation, Ag—A14
should be the same or writes to an unknown address could occur.
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DATA Polling Timing Diagram

sooress RO X X & XK

) /T
]

— G

_ {5 \
WE \

toEH toEs—
OE

tow
1/0; — Doyt =X {5 Dour =X
twe

0029-9

Toggle Bit Timing Diagram

%,
OEH — o togs e—

— tow ]

P L SN S N T

twe

0029-8

*Beginning and ending state of 1/Og will vary.
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X28256, X282561

PIN DESCRIPTIONS

Addresses (Ag-A14)
The Address inputs select an 8-bit memory location
during a read or write operation.

Chip Enable (CE)

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

Output Enable (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/0¢—1/07)
Data is written to or read from the X28256 through the
170 pins.

Write Enable (WE)
The Write Enable input controls the writing of data to
the X28256.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X28256 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 in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 5 ms.

Page Write Operation

The page write feature of the X28256 allows the entire
memory to be written in 2.5 seconds. Page write allows
two to sixty-four bytes of data to be consecutively writ-
ten to the X28256 prior to the commencement of the
internal programming cycle. The host can fetch data
from another location within the system during a page
write operation (change the source address), but the
page address (Ag through Aq4) for each subsequent
valid write cycle to the part during this operation must
be the same as the initial page address.

The page write mode can be initiated during any write
operation. Following the initial byte write cycle, the host
can write an additional one to sixty-three bytes in the
same manner as the first byte was written. Each suc-
cessive byte load cycle, started by the WE HIGH to
LOW transition, must begin within 100 us of the falling
edge of the preceding WE. If a subsequent WE HIGH
to LOW transition is not detected within 100 ps, the
internal automatic programming cycle will commence.
There is no page write window limitation. Effectively the
page write window is infinitely wide, so long as the host
continues to access the device within the byte load cy-
cle time of 100 us.

Write Operation Status Bits
The X28256 provides the user two write operation
status bits. These can be used to optimize a system
write cycle time. The status bits are mapped onto the
1/0 bus as shown in Figure 1.

Figure 1: Status Bit Assignment

vo [op[m]s[4[3]2]1]0]

| meserveD |

L——» TOGGLE BIT

DATA POLLING
0029-10

DATA Polling (1/07)

The X28256 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 sim-
ple bit test operation to determine the status of the
X28256, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, I/07 will reflect true data. Note:
If the X28256 is in the protected state and an illegal
write operation is attempted DATA Polling will not
operate.

Toggle Bit (1/0g)

The X28256 also provides another method for deter-
mining when the internal write cycle is complete. Dur-
ing the internal programming cycle 1/Og will toggle from
one to zero and zero to one on subsequent attempts to
read the device. When the internal cycle is complete
the toggling will cease and the device will be accessi-
bie for additional read or write operations.
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DATA POLLING 1/07
Figure 2a: DATA Polling Bus Sequence

LAST f L

WRITE
e _/ - JJ
eV aVaVaVe s WaVs
T\ INAT
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|, X28256

S READY
Ag—Ays An An An An An An An
X o X X =X =X
0029-11
Figure 2b: DATA Polling Software Flow DATA Polling can effectively halve the time for writing

to the X28256. The timing diagram in Figure 2a illus-
trates the sequence of events on the bus. The software
WRITE DATA flow diagram in Figure 2b illustrates one method of im-
plementing the routine.

WRITES NO
COMPLETE?

YES

SAVE LAST DATA
AND ADDRESS

READ LAST
ADDRESS

110,
COMPARE?

X28256
READY
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THE TOGGLE BIT 1/0¢g
Figure 3a: Toggle Bit Bus Sequence

*Beginning and ending state of 1/Og will vary.

N\ Vor [\ weHz [\ ™\
V0. :)J_—\ NSy, \_/__[I |, x28256

READY
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Figure 3b: Toggle Bit Software Flow

LAST WRITE

Y

LOAD ACCUM

FROM ADDR n

COMPARE
ACCUM WITH
ADDR n

COMPARE
OK

YES

READY

NO

0029-14

The Toggle Bit can eliminate the software housekeep-
ing chore of saving and fetching the last address and
data written to a device in order to implement DATA
Polling. This can be especially helpful in an array com-
prised of multiple X28256 memories that is frequently
updated. The timing diagram in Figure 3a illustrates the
sequence of events on the bus. The software flow dia-
gram in Figure 3b illustrates a method for testing the
Toggle Bit.
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HARDWARE DATA PROTECTION
The X28256 provides three hardware features (com-

patible with X2864A) that protect nonvolatile data from
inadvertent writes.

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

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

® Write Inhibit—Holding either OE LOW, WE HIGH, or
CE HIGH will prevent an inadvertent write cycle dur-
ing power-on and power-off, maintaining data
integrity.

SOFTWARE DATA PROTECTION

The X28256 offers a software controlled data protec-
tion feature. The X28256 is shipped from Xicor with the
software data protection NOT ENABLED,; that is, the
device will be in the standard operating mode. In this
mode data should be protected during power-up/-down
operations through the use of external circuits. The
host would then have open read and write access of
the device once Vg was stable.

The X28256 can be automatically protected during
power-up and power-down without the need for exter-
nal circuits by employing the software data protection
feature. The internal software data protection circuit is
enabled after the first write operation utilizing the soft-
ware algorithm. This circuit is nonvolatile and will re-
main set for the life of the device unless the reset com-
mand is issued.

Once the software protection is enabled, the X28256 is
also protected from inadvertent and accidental writes
in the powered-on state. That is, the software algorithm
must be issued prior to writing additional data to the
device.

SOFTWARE ALGORITHM

Selecting the software data protection mode requires
the host system to precede data write operations by a
series of three write operations to three specific ad-
dresses. Refer to Figure 4a and 4b for the sequence.
The three byte sequence opens the page write window
enabling the host to write from one to sixty-four bytes
of data.(5) Once the page load cycle has been complet-
ed, the device will automatically be returned to the data
protected state.

Note: (5) Once the three byte sequence is issued it must be
followed by a valid byte or page write operation.
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SOFTWARE DATA PROTECTION
Figure 4a: Timing Sequence—Byte or Page Write

Vee Jﬂ ﬂ‘\_/ e
ov

DATA  AA 55 A0
ADDRESS 5555 2AAA | 5555 - waiTE
l—— tyyc——
_ WRIKES we PROTECTED

BYTE

e <ty ¢ MAX =] oR
WE —ff-\m PAGE
N/ /]
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Figure 4b: Write Sequence for Regardless of whether the device has previously been
Software Data Protection protected or not, once the software data protected al-
gorithm is used and data has been written, the X28256
will automatically disable further writes unless another
command is issued to cancel it. If no further commands
ADDRESS 5555 are issued the X28256 will be write protected during
L power-down and after any subsequent power-up.

WRITE DATA 55
T0

WRITE DATA AA

Note: Once initiated, the sequence of write opera-

tions should not be interrupted.
ADDRESS 2AAA

¥

WRITE DATA A0

ADDRESS 5555

BYTE/PAGE LOAD
y ENABLED

WRITE DATA XX
T0
ANY ADDRESS

WRITE LAST BYTE
TO
LAST ADDRESS

\

AFTER twc
RE-ENTERS DATA
PROTECTED STATE
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RESETTING SOFTWARE DATA PROTECTION
Figure 5a: Reset Software Data Protection Timing Sequence

Vee fl JJ
DATA AA 55 80 AA 55 20 STANDARD
ADDRESS 5555 2AAA 5555 5555 2AAA 5555 [ >twe OPERATING

=Th_~ T
=th_ g

Figure 5b: Software Sequence to Deactivate In the event the user wants to deactivate the software
Software Data Protection data protection feature for testing or reprogramming in
an E2PROM programmer, the following six step algo-
rithm will reset the internal protection circuit. The next
time the X28256 is powered-up the device will be in the
ADDRESS 5555 standard operating mode.

0029-17

WRITE DATA AA
T0

Note: Once initiated, the sequence of write opera-

/
tions should not be interrupted.

WRITE DATA 55

ADDRESS 2AAA

V

WRITE DATA 80

ADDRESS 5555

s

WRITE DATA AA
TO

ADDRESS 5555

Y
WRITE DATA 55

TO
ADDRESS 2AAA

4
WRITE DATA 20
TO

ADDRESS 5555

0029-18
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SYSTEM CONSIDERATIONS

Because the X28256 is frequently used in large memo-
ry arrays it is provided with a two line control architec-
ture for both read and write operations. Proper usage
can provide the lowest possible power dissipation and
eliminate the possibility of contention where multiple
I/0 pins share the same bus.

To gain the most benefit it is recommended that CE be
decoded from the address bus and be used as the pri-
mary device selection input. Both OE and WE would
then be common among all devices in the array. For a
read operation this assures that all deselected devices
are in their standby mode and that only the selected
device(s) is outputting data on the bus.

Because the X28256 has two power modes, standby
and active, proper decoupling of the memory array is of

prime concern. Enabling CE will cause transient current
spikes. The magnitude of these spikes is dependent on
the output capacitive loading of the 1/Os. Therefore,
the larger the array sharing a common bus, the larger
the transient spikes. The voltage peaks associated with
the current transients can be suppressed by the proper
selection and placement of decoupling capacitors. As a
minimum, it is recommended that a 0.1 uF high fre-
guency ceramic capacitor be used between Vgg and
GND at each device. Depending on the size of the ar-
ray, the value of the capacitor may have to be larger.

In addition, it is recommended that a 4.7 uF electrolytic
bulk capacitor be placed between Vgg and GND for
each eight devices employed in the array. This bulk ca-
pacitor is employed to overcome the voltage droop
caused by the inductive effects of the PC board traces.

SYMBOL TABLE

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

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

Normalized Standby Supply Current
vs. Ambient Temperature

NORMALIZED I

1.4

Voo =5.0V

0.8

0.6 \—

N

=55

+25 +125
AMBIENT TEMPERATURE (°C)
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NORMALIZED Igg

1.4

Ve =5.0V

0.8

0.6

N

=55

+25

+125

AMBIENT TEMPERATURE (°C)
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PRELIMINARY INFORMATION

[ ]
GO
®

256K Military X28256M 32K x 8 Bit
Electrically Erasable PROM
FEATURES DESCRIPTION

® 250 ns Access Time
¢ Fast Write Cycle Times
—64-Byte Page Write Operation
—Byte or Page Write Cycle: 5 ms Typical
—Complete Memory Rewrite: 2.5 Sec.
Typical
—Effective Byte Write Cycle Time: 78 us
Typical
e Software Data Protection
® End of Write Detection
—DATA Polling
—Toggle Bit
o Simple Byte and Page Write
—Single TTL Level WE Signal
—Internally Latched Address and Data
—Automatic Write Timing
e Upward Compatible with X2864A
e JEDEC Approved Byte-Wide Pinout

The Xicor X28256 is a 32K x 8 E2PROM, fabricated
with Xicor's proprietary, high performance, N-channel
floating gate MOS technology. Like all Xicor program-
mable nonvolatile memories the X28256 is a 5V only
device. The X28256 features the JEDEC approved pin-
out for byte-wide memories, compatible with industry
standard RAMs.

The X28256 supports a 64-byte page write operation,
effectively providing a 78 ps/byte write cycle and en-
abling the entire memory to be typically written in less
than 2.5 seconds. The X28256 also features DATA
Polling, a system software support scheme used to in-
dicate the early completion of a write cycle. In addition,
the X28256 includes a user-optional software data pro-
tection mode that further enhances Xicor's hardware
write protect capability.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance. Data retention is
specified to be greater than 10 years.

PIN CONFIGURATIONS

[_\ 1 « NC Vcc WE An

Aa E} 1 28] Vec

a2 271 WE

A7 [} 26[] A1

a4 25T A

A s u[J A X28256

A 2 [ An (TOP VIEW)

A7 2 [JOE

nol]e X28256 , 55,

Ao 2 [T CE

Ao Jr0 13 [Jvos
170o [ 11 18 [J 1706 1101 110z Vss NC 1103 /04 1105
wo, ] 12 17[Jvos 0030-2
102 [] 13 16 [ 1704

vss[ ] 15[ 1o,

0030-1

PIN NAMES

Ao-A1a Address Inputs

1/Qp—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 256K-BIT
] vrarcHes E2PROM
—1 ano ARRAY
Ag-Ass | —] DECODER
ADDRESS | ]
INPUTS I T
— Y
T ieres 10 BUFFERS
4 anp AND LATCHES
—] DECODER
& —] CONTROL
g_g - LOGIC N st
o= AND 1/0g-1/07
WE—1 TiMING DATA INPUTS/QUTPUTS
Ve O—»
Vsg O—»
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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)

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

D.C. OPERATING CHARACTERISTICS
Ta = —55°Cto +125°C, Voo = +5V *+5%, unless otherwise specified.

*COMMENT

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

Symbol Parameter Limits Units Test Conditions
Min. | Typ.(D Max.
lcc Vge Current (Active) 60 120 mA | CE=0E=V,
Alll/O’s = Open
Other Inputs = Vg
Isg Vg Current (Standby) 35 60 mA | CE = V|, OE = V| _
All1/O’s = Open
Other Inputs = Vgo
I Input Leakage Current 10 nA ViN = GND to Vg
Lo Output Leakage Current 10 pA | Vout = GNDto Vg, CE = Viy
Vi Input Low Voltage —-1.0 0.8 \
ViH Input High Voltage 2.0 Voo +0.5 \
VoL Output Low Voltage 0.4 \" loL =21mA
VoH Output High Voltage 2.4 " loH = —400 pA
TYPICAL POWER-UP TIMING
Symbol Parameter Typ.(1) Units
tpyr(@ Power-Up to Read Operation 100 us
tpuw® Power-Up to Write Operation 5 ms
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Vg¢ = 5V
Symbol Test Max. Units Conditions
Ci/0@ Input/Output Capacitance 10 pF Vio = OV
CinN@ Input Capacitance 6 pF ViN = 0V
A.C. CONDITIONS OF TEST MODE SELECTION
Input Pulse Levels| 0V to 3.0V CE OE WE Mode 1/0 Power
Input Rise and L L H Read Dout Active
Fall Times 10ns ;
L L Write Din Active
Input and Output -
g 1.5V H X X Standby and High Z Standb
Timing Levels Write Inhibit ° Y
1 TTL Gate and - —
Qutput Load CL = 100 pF X L X Write Inhibit
X X H Write Inhibit — —

Notes: (1) Typical values are for To = 25°C and nominal supply voltage.
(2) This parameter is periodically sampled and not 100% tested.
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A.C. CHARACTERISTICS

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

Read Cycle Limits
Symbol Parameter X28256M-25 X28256M X28256M-35 Units

Min. Max. Min. Max. Min. Max.

trc Read Cycle Time 250 300 350 ns
tce Chip Enable Access Time 250 300 350 ns
taA Address Access Time 250 300 350 ns
toe Output Enable Access Time 100 100 100 ns
t 7 CE Low to Active Output 0 0 0 ns
toLz OE Low to Active Output 0 0 0 ns
thz(3) CE High to High Z Output 0 80 0 80 0 80 ns
tonz® OE High to High Z Output 0 80 0 80 0 80 ns
ton Output Hold from Address Change 0 0 0 ns

Read Cycle

[ ! -

ADDRESS j - K X

—tce———»|
CE N L

-t o

N/

WE

tonz
—| oz | —> thz

HIGH Z
K

DATA 1/0

DATA VALID

0030-4

Note: (3) tyz and tonz are measured from the point when CE or OE return high (whichever occurs first) to the time when the
outputs are no longer driven.
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Write Cycle Limits

DATA VALID

DATA IN '—m(
e tos—->|<——tcm—>

HIGH Z

Symbol Parameter Min. Typ.(4) Max. Units
twe Write Cycle Time 5 10 ms
tas Address Setup Time 0 ns
taH Address Hold Time 150 ns
tcs Write Setup Time 0 ns
tcH Write Hold Time 0 ns
tow CE Pulse Width 150 ns
toes OE High Setup Time 10 ns
tOEH OE High Hold Time 10 ns
twp WE Pulse Width 150 ns
twPH WE High Recovery 1 us
tov Data Valid 300 ns
tps Data Setup 100 ns
toH Data Hold 15 ns
tow Delay to Next Write 10 us
teLe Byte Load Cycle 2 100 us
WE Controlled Write Cycle
- twe -
—— o g ——— P |t gy
CJANNN v e T 777NN
| I rFid
! &
N
= ZZy IR NS\ NAN Y/
< t - -
WE AN " v NN W\L

R

0030-5

Note: (4) Typical values are for T4 = 25°C and nominal supply voltage.
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CE Controlled Write Cycle

-

ADDRESS M
g s | ———t =P

\ <—‘—"—"'cw——--—>
o \ £ NNNV/AV-gn NI
—— twpn —P

Id—toes—-" togH [«t—n-
L

oE LS ANV ANNN

_ -t g—— <t—tcH—

WE AN \\ / 7 7 7\
] 77

para in ST omm waco ‘jmm

—t DS_>] <_‘tDH

HIGH Z

DATA OUT
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Page Write Cycle

<> <—tg c—>

*ADDRESS X X X JID( X X /

o XXX X X ){[ Y LAST BYTE )————

BYTEO BYTE1 BYTE 2 BYTE n BYTE n+1 BYTEn+2

——— twg ————>]
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*For each successive write within the page write operation, Ag—Aq4 should be the same or
writes to an unknown address could occur.
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DATA Polling Timing Diagram

sooress XTI X S X
& U\..
) 5 \

toen togs—»

S L

tow

/0 < Dy =X >——'< DOUT=2> 45 Doyt =X

twe

N—
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Toggle Bit Timing Diagram

{¢

WE I ) \

0030-8

*Beginning and ending state of 1/0g will vary.
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PIN DESCRIPTIONS

Addresses (Ag-A14)
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 Enabie (OE)
The Output Enable input controls the data output buff-
ers and is used to initiate read operations.

Data In/Data Out (1/09-1/07)
Data is written to or read from the X28256 through the
170 pins.

Write Enable (WE)
The Write Enabie input controls the writing of data to
the X28256.

DEVICE OPERATION

Read

Read operations are initiated by both OE and CE LOW.
The read operation is terminated by either CE or OE
returning HIGH. This 2-line control architecture elimi-
nates bus contention in a system environment. The
data bus will be in a high impedance state when either
OE or CE is HIGH.

Write

Write operations are initiated when both CE and WE
are LOW and OE is HIGH. The X28256 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 in-
ternally by the rising edge of either CE or WE, whichev-
er occurs first. A byte write operation, once initiated,
will automatically continue to completion, typically with-
in 5 ms.

Page Write Operation

The page write feature of the X28256 allows the entire
memory to be written in 2.5 seconds. Page write allows
two to sixty-four bytes of data to be consecutively writ-
ten to the X28256 prior to the commencement of the
internal programming cycle. The host can fetch data
from another location within the system during a page
write operation (change the source address), but the
page address (Ag through A44) for each subsequent
valid write cycle to the part during this operation must
be the same as the initial page address.

The page write mode can be initiated during any write
operation. Following the initial byte write cycle, the host
can write an additional one to sixty-three bytes in the
same manner as the first byte was written. Each suc-
cessive byte load cycle, started by the WE HIGH to
LOW ftransition, must begin within 100 us of the falling
edge of the preceding WE. If a subsequent WE HIGH
to LOW ftransition is not detected within 100 us, the
internal automatic programming cycle will commence.
There is no page write window limitation. Effectively the
page write window is infinitely wide, so long as the host
continues to access the device within the byte load cy-
cle time of 100 us.

Write Operation Status Bits
The X28256 provides the user two write operation
status bits. These can be used to optimize a system
write cycle time. The status bits are mapped onto the
I/0 bus as shown in Figure 1.

Figure 1: Status Bit Assignment

vo [op][B]5]4]3]2[1]0
| Reserven

L——» TOGGLE BIT

DATA POLLING
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DATA Polling (1/07)

The X28256 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 sim-
ple bit test operation to determine the status of the
X28256, eliminating additional interrupt inputs or exter-
nal hardware. During the internal programming cycle,
any attempt to read the last byte written will produce
the complement of that data on 1/07 (i.e., write data =
Oxxx xxxx, read data = 1xxx xxxx). Once the program-
ming cycle is complete, 1/07 will reflect true data. Note:
If the X28256 is in the protected state and an illegal
write operation is attempted DATA Polling will not
operate.

Toggle Bit (1/0g)

The X28256 also provides another method for deter-
mining when the internal write cycle is complete. Dur-
ing the internal programming cycle 1/Og will toggle from
one to zero and zero to one on subsequent attempts to
read the device. When the internal cycle 