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Important Notice

Atmel guarantees that its circuits will be free from defects of material and work-
manship under normal use and service, and that these circuits will perform to
current specifications in accordance with, and subject to, the Company’s stand-
ard warranty which is detailed in Atmel's Purchasing Order Acknowledgment.

Atmel reserves the right to change devices or specifications detailed in this data
book at any time without notice, and assumes no responsibility for any errors
within this document. Atmel does not make any commitment to update this in-
formation. Atmel assumes no responsibility for the use of any circuits described
in this data book, nor does the Company assume responsibility for the function-
ing of undescribed features or parameters.

In the absence of a written agreement to the contrary, Atmel assumes no liability
with respect to the use of semiconductor devices described in this data book for
applications assistance, customers’ product design or infringement of patents or
copyrights of third parties.

Atmel’s products are not authorized for use as critical components in life support
devices or systems and the use as such implies that user bears all risk of such
use.

If Atmel is an approved vendor on a Standard Microcircuit Drawing (SMD), the
Atmel similar part number specification is compliant with the SMD.

© Atmel Corporation 1996

Printed on recycled paper.
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Nonvolatile Memory Overview

With the nonvolatile memories available from Atmel, you are given the ability to program devices late in a system’s
development cycle, or even after the system is complete. This feature gives you the flexibility for meeting changing market
conditions. The principle products of nonvolatile memory are EPROMs (erasable programmable read-only memories),
E2PROMs (electronically erasable programmable read-only memories) and Flash devices.

EPROMs

Atmel is a leading supplier of high-speed and low-voltage EPROMs and is recognized as one of the top three world
suppliers in the market. EPROMs, the lowest cost user-programmable nonvolatile memory, can be programmed electri-
cally in a programmer or its current system. These devices are used for program storage in computer and communications
equipment, such as cellular phones, pagers, modems, and other computer peripherals. Atmel's EPROMs are manufac-
tured in 5V and 2.7V versions with capacities up to 8M bits and access times as fast as 45 ns.

Flash Memory

Known as the major volume supplier of 2.7V read and write Flash memories, Atmel leads the industry as one of the top
three Flash makers in the world. Flash memories combine the electrically erasable flexibility of E2PROMSs with the higher
density and lower cost per bit of EPROMs—representing the fastest growing product sector in the semiconductor industry.
What distinguishes Atmel’s Flash products from its competitors is its use of a single low-voltage power source, for write
and read functions. Atmel’s Flash devices are used primarily to store operating programs in telecommunications, graph-
ics, networking systems, and home video game systems. With Atmel’s 2.7V low-voltage devices, you can extend battery
life or reduce the number of batteries necessary for portable systems such as cellular telephones, pagers, laptop and
palmtop devices.

Parallel E2PROMs

Since 1991 Atmel has been the world’s largest supplier of these in-system, reprogrammable nonvolatile memories.
E2PROMs are distinguished as Parallel- or Serial-interface through their connection to the system’s microcontroller or
microprocessor. Atmel offers the industry’s most complex full-featured Parallel E2PROM, the world’s first single-chip 4M
bit monolithic E2PROM, which is used extensively in many military and commercial avionics applications. Atmel produces
the industry’s only complete line of standard-voltage and battery-voltage Parallel devices that serve the growing portable
equipment market. Parallel E2PROM leadership; first to market with battery-voltage devices and first to market with the
largest density devices.

A
Price /)'
Per Bit 1K-65K Serlal
> 4 16K-4M Parallel
256K-4M
256K-8M
Fixed In-system Frequently updated
Programs Modifiable Programs and Data
Programs
Flexibility
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Serial EZPROMs

Serial-interface E2PROMs are used in a broad spectrum of consumer, telecommunication and automotive products,
primarily for recording and holding personal preference data, such as programmable radio stations, seat comfort controls,
auto-dial in telephones and program memory in camcorders. Key to Atmel’s success in Serials is its 1.8V low-voltage
family. Atmel is the only manufacturer to offer all Serial devices available in today’s market.

Atmel Corporation designs, manufactures, and markets high quality and high
performance CMOS memory, logic and analog integrated circuits. Founded in
1984, the Company serves the manufacturers of computation, communications
and instrumentation equipment in commercial, industrial and military environ-
ments.

Atmel’'s broad line of products provide customers with a variety of solutions to
their memory and logic applications. Atmel offers high-density, high-speed
memory and logic standard products as well as custom gate arrays.

Atmel guarantees quality and reliability by fabricating all products— no matter
what their intended application— to meet or exceed the specifications of Military
Standard 883.

Whether you are new to programmable logic or an experienced user, Atmel is
committed to your success. If you have any questions or would like to place an
order, please contact your local Atmel sales office as listed in the back of this
data book, or contact Atmel’s corporate headquarters:

Atmel Corporation Fax-on-Demand
2325 Orchard Parkway North America:
San Jose, CA 95131 1-(800) 29-ATMEL
TEL: (408) 441-0311 1-(800) 292-8635
FAX: (408) 436-4300 -
International:
1-(408) 441-0732
e-mail
literature @ atmel.com
Web Site
http://www.atmel.com
BBS

1-(408) 436-4309

We thank you for considering Atmel semiconductors.
Battery-Voltage, Cache Logic, and Rapid are trademarks of Atmel Corporation.

Overview mess———
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EPROMs

Part Number Organization Speeds Description
Battery-Voltage™ (2.7V to 3.6V)

AT27BV256 32K x 8 70-150 ns 256K bit, 2.7-Volt to 3.6-Volt
AT27BV512 64K x 8 90-150 ns 512K bit, 2.7-Volt to 3.6-Volt
AT27BV010 128K x 8 90-150 ns 1M bit, 2.7-Volt to 3.6-Volt EPROM
AT27BV1024 64K x 16 120-150 ns 1M bit, 2.7-Volt to 3.6-Volt
AT27BV020 256K x 8 120-150 ns 2M bit, 2.7-Volt to 3.6-Volt EPROM
AT27BV4096 256K x 16 150 ns 4M bit, 2.7-Volt to 3.6-Voit
AT27BV040 512K x 8 150 ns 4M bit, 2.7-Volt to 3.6-Volt EPROM
Low Voltage (3.0 to 3.6V)

AT27LV256A 32K x 8 70-150 ns 256K bit, 3-Volt EPROM
AT27LV512A 64K x 8 90-150 ns 512K bit, 3-Volt EPROM
AT27LVO10A 128K x 8 90-150 ns 1M bit, 3-Volt EPROM
AT27LV020A 256K x 8 120-150 ns 2M bit, 3-Volt EPROM
AT27LV040A 512K x 8 150 ns 4M bit, 3-Volt EPROM

Standard Voltage (5V)

AT27C256R 32K x 8 45-150 ns 256K, 5-Volt EPROM

AT27C512R 64K x 8 45-150 ns 512K, 5-Volt EPROM

AT27C516 32K x 16 45-150 ns 512K, 5-Volt EPROM

AT27C1024 64K x 16 45-150 ns 1M bit, 5-Volt EPROM
AT27C010,L 128K x 8 45-150 ns 1M bit, 5-Volt EPROM, Standard & Low Power
AT27C2048 128K x 16 70-150 ns 2M bit, 5-Volt EPROM

AT27C020 256K x 8 85-150 ns 2M bit, 5-Voit EPROM

AT27C4096 256K x 16 85-150 ns 4M bit, 5-Volt EPROM

AT27C040 512K x 8 80-150 ns 4M bit, 5-Volt EPROM

AT27C080 1024K x 8 100-150 ns 8M bit, 5-Volt EPROM

AT27C8192 512K x 16 100-150 ns 8M bit, 5-Volt EPROM

0537A
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Flash Memory

Part Number Organization Speeds Description
Battery-Voltage™ (2.7V to 3.6V)

AT29BV0O10A 128K x 8 200-350 ns 1M bit, 2.7-Volt Read and 2.7-Volt Write Flash
AT29BV020 256K x 8 250-350 ns 2M bit, 2.7-Volt Read and 2.7-Volt Write Flash
AT29BV040A 512K x 8 250-350 ns 4M bit, 2.7-Volt Read and 2.7-Volt Write Flash
Low Voltage (3V to 3.6V)

AT29LV256 32K x 8 150-250 ns 256K, 3-Volt Read and 3-Volt Write Flash
AT29LV512 64K x 8 150-250 ns 512K, 3-Volt Read and 3-Volt Write Flash
AT29LVO10A 128K x 8 150-250 ns 1M bit, 3-Volt Read and 3-Volt Write Flash
AT29LV1024 64K x 16 150-250 ns 1M bit, 3-Volt Read and 3-Volt Write Flash
AT29LV020 256K x 8 200-250 ns 2M bit, 3-Volt Read and 3-Volt Write Flash
AT29LV040A 512K x 8 200-250 ns 4M bit, 3-Volt Read and 3-Volt Write Flash
Standard Voltage (5V) .

AT29C256 32K x 8 70-250 ns 256K, 5-Volt Read and 5-Volt Write Flash
AT29C257 32K x 8 70-250 ns 256K, 5-Volt Read and 5-Volt Write Flash
AT29C512 64K x 8 70-200 ns 512K, 5-Volt Read and 5-Volt Write Flash
AT29C1024 64K x 16 70-200 ns 1M bit, 5-Volt Read and 5-Volt Write Flash
AT29CO10A 128K x 8 70-200 ns 1M bit, 5-Volt Read and 5-Volt Write Flash
AT29C020 256K x 8 90-200 ns 2M bit, 5-Volt Read and 5-Volt Write Flash
AT29C040A 512K x 8 120-250 ns 4M bit, 5-Volt Read and 5-Volt Write Flash
AT49F010 128K x 8 70-200 ns 1M bit, 5-Volt Read and 5-Volt Write Flash
AT49F020 256K x 8 90-200 ns 2M bit, 5-Volt Read and 5-Volt Write Flash
AT49F2048 128K x 16 90-200 ns 2M bit, 5-Volt Read and 5-Volt Write Flash
AT49F040 512K x 8 120-250 ns 4M bit, 5-Volt Read and 5-Volt Write Flash
AT49F4096 256K x 16 90-200 ns 4M bit, 5-Volt Read and 5-Volt Write Flash
AT49F008 1iMx8 120-200 ns 8M bit, 5-Volt Read and 5-Volt Write Flash
AT49F8192 512K x 16 120-200 ns 8M bit, 5-Volt Read and 5-Volt Write Flash
FPGA Serial Configuration E2PROM

Part Number Memory Size Description
AT17C65 65,536 x 1 65K FPGA Configuration E2PROM

AT17C128 131,072 x 1 128K FPGA Configuration E’PROM

AT17C256 262,144 x 1 256K FPGA Configuration E°PROM

4 Nonvolatile Memory Selection Guide =
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Parallel E2PROMs

Part Number Organization Speeds Description

High Speed

AT28HC64B 8K x 8 55-120ns | 64K E2PROM with 64-Byte Page & Software Data Protection
AT28HC256 32K x 8 70-120ns | 256K EZPROM with 64-Byte Page & Software Data Protection
AT28HC256E 32K x 8 70-120 ns | 256K E2PROM with Extended Endurance, Standard & Low Power
Battery-VoItagem (2.7V to 3.6V)

AT28BV16 2Kx8 250-300 ns | 16K E2PROM. 2.7-Volt

AT28BV64 8K x 8 300 ns 64K E2PROM, 2.7-Volt

Low Voltage (3.0V to 3.6V)

AT28LV64B 8Kx8 200-300 ns | 64K E°PROM with 64-Byte Page & Software Data Protection, 3.0-Volt
AT28LV256 32K x 8 200-300 ns {256K E2PROM with 64-Byte Page & Software Data Protection, 3.0-Volt
AT28LV010 128K x 8 200-250 ns | 1M bit E2PROM with 128-Byte Page & Software Data Protection, 3.0-Volt
Standard Voltage (5V)

AT28C16 2Kx8 150-250 ns | 16K E2PROM

AT28C16E 2Kx 8 150-250 ns | 16K E2PROM with Extended Endurance & Fast Write

AT28C17 2K x 8 150-250 ns | 16K E2PROM with Ready/Busy

AT28C17E 2Kx 8 150-250 ns | 16K E2PROM with Ready/Busy & Extended Endurance & Fast Write
AT28C64 8Kx8 120-350 ns | 64K E2PROM

AT28C64E 8Kx8 120-350 ns {64K E2PROM with Extended Endurance & Fast Write

AT28C64X 8Kx 8 150-450 ns | 64K E2PROM without Ready-Busy

AT28C64B 8Kx 8 150-250 ns | 64K E2PROM with 64-Byte Page & Software Data Protection
AT28C256 32Kx 8 150-350 ns | 256K E2PROM with 64-Byte Page & Software Data Protection
AT28C256E 32K x 8 150-350 ns | 256K E2PROM with Extended Endurance

AT28C010 128K x 8 120-250 ns | 1M bit E2PROM with 128-Byte Page & Software Data Protection
AT28CO010E 128K x 8 120-250 ns | 1M bit E2PROM with 128-Byte Page & Extended Endurance & Software Data Protection
AT28C040 512K x 8 150-250 ns | 4M bit EPROM with 256-Byte Page & Software Data Protection
Serial E2PROMs

Part Number Organization Vce Description

AT24C01 128x 8 1.8,25,27,50V 1K, 2-Wire Bus Serial EQPROM, Non-Cascadable
AT24C21 128 x 8 25V 1K, 2-Wire Bus Serial E2PROM, Dual Mode, Plug & Play Operation
AT24C01A 128x 8 1.8,25,27,5.0V 1K, 2-Wire Bus Serial E2PROM

AT24C02 256 x 8 1.8,25,27,50V 2K, 2-Wire Bus Serial E’PROM

AT24C04 512x 8 1.8,25,27,5.0V 4K, 2-Wire Bus Serial E%PROM

AT24C08 1024 x 8 1.8,25,27,50V 8K, 2-Wire Bus Serial E?PROM

AT24C16 2048 x 8 18,25,27,50V 16K, 2-Wire Bus Serial E2PROM

AT24C164 2048 x 8 1.8,25,27,5.0V 16K, 2-Wire Bus Serial E2PROM with Cascadable Feature
AT24C32 4096 x 8 1.8,25,27,5.0V 32K, 2-Wire Bus Serial EPROM with Cascadable Feature
AT24C64 8192x 8 1.8,25,2.7,50V 64K, 2-Wire Bus Serial E?PROM with Cascadable Feature
AT25010 128x 8 1.8,27,5.0V 1K, SPI Bus Serial E2PROM, Supports SPI Mode 0 and 3
AT25020 256 x 8 1.8,27,50V 2K, SPI Bus Serial EPROM, Supports SPI Mode 0 and 3
AT25040 512x8 1.8,27,50V 4K, SPI Bus Serial E2PROM, Supports SPI Mode 0 and 3
AT25320 4096 x 8 1.8,2.7,5.0V 32K, SPI Bus Serial E2PROM, Supports SPI Mode 0 and 3
AT25640 8192x 8 1.8,2.7,5.0V 64K, SPI Bus Serial E2PROM, Supports SP| Mode 0 and 3
AT93C46 64x16/128x8 1.8,25,27,50V 1K, 3-Wire Bus Serial E2PROM

AT93C46A 64x16 18,25,27,50V 1K, 3-Wire Bus Serial E2PROM

AT93C56 128 x 16/256 x 8 25,27,50V 2K, 3-Wire Bus Serial E2PROM

AT93C57 128 x 16/256 x 8 25,27,50V 2K, 3-Wire Bus Serial E2PROM with Special Address
AT93C66 256x 16/512x8 25,27,50V 4K, 3-Wire Bus Serial E?PROM

AT59C11 64x16/128x8 25,2.7,5.0V 1K, 4-Wire Bus Serial E2PROM

AT59C22 128 x 16/256 x 8 25,27,50V 2K, 4-Wire Bus Serial E2PROM

AT59C13 256x16/512x8 25,27,50V 4K, 4-Wire Bus Serial E2PROM

AIMEL 15
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s Ordering

Explanation of Atmel’s Part Number Code

All Atmel part numbers begin with the prefix "AT." The next
four to nine digits are the part number. In addition, Atmel
parts can be ordered in particular speeds, in specific pack-
ages, for particular temperature ranges and with the option
of 883C level B military compliance. The available options

Suffix
X X X X
{

Device -
XXXXX

Prefix
AT

Blank
/883
B

C
|
M

In

I unn

Package

SoIC
SOIC

PGA
TAB
Die

(L I | (| ([ | | | | (O 1 | O 1 A

N<sSs<CH0WIOTZZIrX~OTMmooOw

Speed
Here is an example Atmel part number:

for each part are listed at the back of its data sheet in its
"Ordering Information" table. These options are desig-
nated by the following suffixes placed at the end of the At-
mel part number, in the order given:

Processing

Standard
MIL-STD-883, Class B Fully Compliant
MIL-STD-883, Class B Non-Compliant

o

Temperature Range
Com Temp (0°C to 70°C)

d Temp (-40°C to 85°C)

Mil Temp (-55°C to 125°C)

Ceramic Side Braze Dual Inline
Cerpack

Cerdip

Flatpack

Cerdip, One Time Programmable
Plastic J-Lead Chip Carrier
Ceramic J-Lead Chip Carrier
Leadless Chip Carrier

Ceramic Module

Leadless Chip Carrier, One Time Programmable
Plastic DIP

Plastic Quad Flatpack

TSOP

Cerpack
Ceramic Multi-Chip Module

Atmel
Part Option Package Temperature
Number  Designator Speed Type Range Processing

. = >l
AT28C16E-25LM/883

AIMEL
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Nonvolatile Memory Product Information
E2PROMS

FPGA Configuration Memories

Quality and Reliability

Military

Die Products

Package Outlines

Miscellaneous Information
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Eesssssssssssssssssssssssssssssssn  COntents

Section2 CMOS E2PROMSs

Serial E2PROMs

AT24C01 128 x 8 2-Wire, 1K Serial E2PROM

AT24C21 128 x 8 2-Wire, 1K Serial E2PROM

AT24CO1A 128 x 8 2-Wire, 1K Serial E2PROM

AT24C02 256 x 8 2-Wire, 2K Serial E2PROM

AT24C04 512x8 2-Wire, 4K Serial E2PROM

AT24C08 1024 x 8 2-Wire, 8K Serial E2PROM

AT24C16 2048 x 8 2-Wire, 16K Serial EZPROM..........covverrenene. 225
AT24C164 2048 x 8 2-Wire, 16K Serial EZPROM...........corveuenec.. 2-39
AT24C32 4096 x 8 2-Wire, 32K Serial E2PROM..........cooveveeene. 2-49
AT24C64 8192 x 8 2-Wire, 64K Serial EZPROM..........ovoreveere. 2-49
AT93C46 64x16/128x8  3-Wire, 1K Serial [==T=To |V IR 2-63
AT93C46A 64 x 16 3-Wire, 1K Serial E2PROM.....cooooeevvereeenne 2-79
AT93C56 128 x 16 /256 x 8 3-Wire, 2K Serial E2PROM...oooeeeeeeeeeean. 2-63
AT93C57 128 x 16/256 x8 3-Wire, 2K Serial E2PROM...........ceerveerennn. 2-63
AT93C66 256 x 16 /512 x8 3-Wire, 4K Serial E2PROM....ovveerereeeenn 2-63
AT59C11 64x16/128x8  4-Wire, 1K Serial E2PROM.......c.oveveerere. 2-89
AT59C22 128 x 16 /256 x8 4-Wire, 2K Serial EZPROM..........ccovveerrennn. 2-89
AT59C13 256 x 16 /512x 8 4-Wire, 4K Serial EZPROM..........cccerveenr.. 2-89
AT25010 128 x 8 SPI, 1K Serial E2PROM ..o, 2-101
AT25020 256 x 8 SPI, 2K Serial E2PROM .......commrveereenenen 2-101
AT25040 512x 8 SPI, 4K Serial E2PROM ........oomveeemrvneren 2-101
AT25320 4096 x 8 SPI, 32K Serial E2PROM .....voomeereeeeer 2-115
AT25640 8192 x 8 SPI, 64K Serial E2PROM .......orevveererereen. 2-115
AT17C65 65,536 x 1 65K FPGA Configuration E°PROM........... 2-117
AT17C128 131,072 x 1 128K FPGA Configuration E2PROM........... 2-117
AT17C256 262,144 x 1 256K FPGA Configuration E2PROM........... 2-117

Parallel E2PROMs

Battery-VoItageTM ® 2.7V - 3.6V Operation

AT28BV16 2K x 8 16K EZPROM .....vvoveeeeeeeeeeeeeeeeeeee e 2-119
AT28BV64 8K x8 LY Q= 21=To) Y H 2-127

Low Voltage ¢ 3.0V - 3.6V Operation

AT28LV64B 8K x 8 3-Volt, 64K E2PROM w/ Data Protection.... 2-135
AT28LV256 32K x 8 3-Volt, 256K E2PROM......coveoeeeererssreenes 2-145
AT28LV010 128K x 8 3-Volt, 128K E2PROM......eooeeeeeeeeereesee 2-155
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Section2 CMOS E2PROMSs (Continued)

2-2

Standard ¢ 5V Operation

AT28C16 2Kx 8 16K E2PROM <..cooveeeeeeeeeeee e seeeeeesse 2-165
AT28C16-T 2Kx 8 16K PCMCIA

Nonvolatile Attribute Memory ..................... 2-175
AT28C17 2K x 8 16K E2PROM ...ovoovveeeeeeeeeeecoeeeeeeeeee 2-183
AT28C64 8K x 8 64K EZPROM .......ooorerererevereeeeeeseoeeseeenenes 2-193
AT28C64X 8K x 8 64K E2PROM without Ready-Busy ............ 2-193
AT28C64B 8K x 8 64K E2PROM with S/W Data Protection ... 2-205
AT28C256 32K x 8 256K EZPROM ....oooeoeeveeeeeeereesereeseresnneenes 2-217
AT28C010 Com/Ind 128K x 8 1M bit E2PROM with 128-Byte Page,

Commercial and Industrial............ccocceeeeee 2-231
AT28C010 Mil 128K x 8 1M bit E2PROM with 128-Byte Page,

MIlIarY .o 2-243
AT28C040 512K x 8 4M bit E2PROM with 512-Byte Page.......... 2-255
AT28HC64B 8Kx8 High Speed, 64K EPROM with

S/W Data Protection........cccccveeveeenecrieennee 2-267
AT28HC256 32K x 8 High Speed, 256K E2PROM.......cooerrerreenn. 2-279
E2PROM Application Notes
E2PROM Data PrOECHON. ..........veeeeeeeeeeeeeeeseseeesesss e sesseesssesereesssessessssseseesss e seessssneeen 2-291
SOftWAre ChiP EFaSE ...cocceieieieiee ettt ettt se e sr e ae e s aee e e e 2-295
Programmers That Support Atmel Products ........cc.cceveeveiiniiieiiieeseee e 2-297
Interfacing AT24CXX Serial E2PROMs with AT89CX051 Microcontrollers ...................... 2-299
Interfacing AT93CXX Serial E2PROMs with AT8ICX051 Microcontrollers ...................... 2-301
Interfacing AT25XXX Serial E2PROMS with ATBICXX Microcontrollers ..............c.o......... 2-303



Features

® Low Voltage and Standard Voltage Operation
5.0 (Vcc = 4.5V to 5.5V)
2.7 (Vcc = 2.7V to 5.5V)
2.5 (Ve = 2.5V to 5.5V)
1.8 (Vcc = 1.8V to 5.5V)
Internally Organized 128 x 8
2-Wire Serial Interface
Bidirectional Data Transfer Protocol
100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility
4-Byte Page Write Mode
Self-Timed Write Cycle (10 ms max)
High Reliability
Endurance: 1 Million Cycles
Data Retention: 100 Years
Automotive Grade and Extended Temperature Devices Available
8-Pin PDIP and JEDEC SOIC Packages

Description

The AT24C01 provides 1024 bits of serial electrically erasable and programmable
read only memory (EEPROM) organized as 128 words of 8 bits each. The device is
optimized for use in many industrial and commercial applications where low power
and low voltage operation are essential. The AT24C01 is available in space saving
8-pin PDIP and 8-pin SOIC packages and is accessed via a 2-wire serial interface. In
addition, the entire family is available in 5.0V (4.5V to 5.5V), 2.7V (2.7V to 5.5V), 2.5V
(2.5V to 5.5V) and 1.8V (1.8V to 5.5V) versions.

Pin Configurations

Pin Name Function
NC No Connect
SDA Serial Data
SCL Serial Clock Input
Test Test Input (GND or Vcc)
8-Pin PDIP 8-Pin SOIC

AT24C01

2-Wire
Serial CMOS
E’PROM

1K (128 x 8)

0134B
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Absolute Maximum Ratings*

Operating Temperature..........c........ -55°C to +125°C
Storage Temperature............o..e.ce... -65°C to +150°C
Voltage on Any Pin

with Respect to Ground .........c.ccceuu.e. -0.1V to +7.0V
Maximum Operating Voltage .........ccccccreernenncn. 6.25V
DC Output Current......ccceeeveereeeienenseeiereennenns 5.0 mA

Block Diagram

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

Vee
GND ——
sCL »| START
sTOP
SDA » LoGIC
SERIAL
CONTROL H.V. PUMP/TIMING
LOGIC
DATA RECOVERY
LOAD |INC
3 %)
DATA WORD m E2PROM
ADDR/COUNTER :
RIW
Y
Y DEC SERIAL MUX
Din Doyr/ACK
LOGIC
l

;—_\ | Dour
I

Pin Description

SERIAL CLOCK (SCL): The SCL input is used to positive
edge clock data into each E2PROM device and negative
edge clock data out of each device.

SERIAL DATA (SDA): The SDA pin is bidirectional for se-
rial data transfer. This pin is open-drain driven and may be
wire-ORed with any number of other open-drain or open
collector devices.

Memory Organization

AT24C01, 1K SERIAL E2PROM: Internally organized
with 128 pages of 1-byte each. The 1K requires a 7 bit
data word address for random word addressing.

24 AT24C01 me————————————
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Pin Capacitance
Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +1.8V.

Symbol Test Condition Max Units Conditions
Cio Input/Output Capacitance (SDA) 8 pF Vyjo =0V
CiN Input Capacitance (Ao, A1, A2, SCL) 6 pF VIN = OV

DC Characteristics

Applicable over recommended operating range from: Ta| = -40°C to +85°C, Vcc = +1.8V to +5.5V, Tac = 0°C to +70°C,
Vce = +1.8V to +5.5V (unless otherwise noted).

Symbol Parameter Test Condition Min Typ Max Units
Veet Supply Voltage 1.8 5.5 \'
Vcez Supply Voltage 2.5 5.5 \'
Vces Supply Voltage 2.7 5.5 Vv
Vces Supply Voltage 4.5 5.5 \'
Icc Supply Current Vcc = 5.0V READ at 100 kHz 0.4 1.0 mA
Icc Supply Current Vcc = 5.0V WRITE at 100 kHz 2.0 3.0 mA
IsB1 Standby Current Vcc = 1.8V VIN = Vcc or Vss 0.6 3.0 uA
IsB2 Standby Current Vcc = 2.5V ViN = Vce or Vss 1.4 4.0 uA
IsB3 Standby Current Vcc = 2.7V VIN = Vce or Vss 1.6 4.0 nA
IsB4 Standby Current Vcc = 5.0V VIiN = Vcc or Vss 8.0 18.0 nA
[ Input Leakage Current VIN = Vcc or Vss 0.10 3.0 pA
ILo Output Leakage Current Vour = Vcc or Vss 0.05 3.0 uA
ViL Input Low Level (1) -1.0 Vce x 0.3 \
ViH Input High Level (1) Vee x 0.7 Vce + 0.5 \
Vorz2 Output Low Level Vcc = 3.0V loL=2.1 mA 0.4 Vv
VoL1 Output Low Level Vcc = 1.8V loL = 0.15 mA 0.2 Vv

Note: 1. ViL min and ViH max are reference only and are not tested.

AIMEL 25



AImEL

AC Characteristics

Applicable over recommended operating range from Ta = -40°C to +85°C, Vcc = +1.8V to +5.5V, CL = 1 TTL Gate and

100 pF (unless otherwise noted).

Symbol Parameter 2.7-, 2.5-, 1.8-volt 5.0-volt
Min Max Min Max Units
fscL Clock Frequency, SCL 100 400 kHz
tLow Clock Pulse Width Low 4.7 1.2 us
tHIGH Clock Pulse Width High 4.0 0.6 us
1 Noise Suppression Time M 100 50 ns
tAA Clock Low to Data Out Valid 0.1 4.5 0.1 0.9 us
s
tHD.STA Start Hold Time 4.0 0.6 us
{SU.STA Start Set-up Time 4.7 0.6 us
tHD.DAT Data In Hold Time 0 0 us
tSU.DAT Data In Set-up Time 200 100 ns
trR Inputs Rise Time U 1.0 0.3 us
tr Inputs Fall Time (") 300 300 ns
tsu.sTO Stop Set-up Time 47 0.6 us
tDH Data Out Hold Time 100 50 ns
Note: 1. This parameter is characterized and is not 100% tested.

Device Operation

CLOCK and DATA TRANSITIONS: The SDA pin is nor-
mally pulled high with an external device. Data on the SDA
pin may change only during SCL low time periods (refer to
Data Validity timing diagram). Data changes during SCL
high periods will indicate a start or stop condition as de-
fined below.

START CONDITION: A high-to-low transition of SDA with
SCL high is a start condition which must precede any
other command (refer to Start and Stop Definition timing
diagram).

STOP CONDITION: A low-to-high transition of SDA with
SCL high is a stop condition which terminates all commu-
nications. After a read sequence, the stop command will
place the E2PROM in a standby power mode (refer to
Start and Stop Definition timing diagram).

ACKNOWLEDGE: All addresses and data words are se-
rially transmitted to and from the E2PROM in 8 bit words.
Any device on the system bus receiving data (when com-
municating with the E2PROM) must pull the SDA bus low
to acknowledge that it has successfully received each
word. This must happen during the ninth clock cycle after
each word received and after all other system devices
have freed the SDA bus. The E2PROM will likewise ac-
knowledge by pulling SDA low after receiving each ad-
dress or data word (refer to Acknowledge Response from
Receiver timing diagram).

STANDBY MODE: The AT24CO01 features a low power
standby mode which is enabled: (a) upon power-up and
(b) after the receipt of the STOP bit and the completion of
any internal operations.

AT24C01 mee————————



AT24CO01

Bus Timing SCL: Serial Clock SDA: Serial Data I/O

thigH
—>‘ — te < »> th
t t \
scL Ry R \
| W —
tsusta thp.sa thp.par [« e tgypar tsu.sto
SDA IN
ta ton taur

swon T

Write Cycle Timing SCL: Serial Clock SDA: Serial Data I/O

NS\ AV
o Yamor\ scx yravVannN

WORD n
< twr >
STOP START
CONDITION CONDITION

Note: 1. The write cycle time twr is the time from a valid stop condition of a write sequence to the end of the internal clear/write cycle.
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Data Validity

SDA /

SCL

DATA STABLE DATA STABLE

DATA
CHANGE

Start and Stop Definition

-\

START STOP

Output Acknowledge

SCL

\WAVARWOND B
o N/

DATA OUT

START ACKNOWLEDGE
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Write Operations

BYTE WRITE: Following a start condition, a write opera-
tion requires a 7 bit data word address and a low write bit.
Upon receipt of this address, the E2PROM will again re-
spond with a zero and then clock in the first 8 bit data
word. Following receipt of the 8 bit data word, the
E2PROM will output a zero and the addressing device,
such as a microcontroller, must terminate the write se-
quence with a stop condition. At this time the E2PROM
enters an internally-timed write cycle to the nonvolatile
memory. All inputs are disabled during this write cycle and
the E2PROM will not respond until the write is complete
(refer to Figure 1).

PAGE WRITE: The AT24C01 is capable of a 4-byte page
write.

A page write is initiated the same as a byte write but the
microcontroller does not send a stop condition after the
first data word is clocked in. Instead, after the E2PROM
acknowledges receipt of the first data word, the microcon-
troller can transmit up to three more data words. The
E2PROM will respond with a zero after each data word
received. The microcontroller must terminate the page
write sequence with a stop condition (refer to Figure 2).

The data word address lower 2 bits are internally incre-
mented following the receipt of each data word. The
higher five data word address bits are not incremented,
retaining the memory page row location. If more than four
data words are transmitted to the E2PROM, the data word
address will “roll over” and previous data will be overwrit-
ten.

Figure 1. Byte Write

WORD
ADDRESS (n)

—D>—H»

ACKNOWLEDGE POLLING: Once the internally-timed
write cycle has started and the E2PROM inputs are dis-
abled, acknowledge polling can be initiated. This involves
sending a start condition followed by the device address
word. The read/write bit is representative of the operation
desired. Only if the internal write cycle has completed will
the E2PROM respond with a zero allowing the read or
write sequence to continue.

Read Operations

Read operations are initiated the same way as write op-
erations with the exception that the read/write select bit in
the device address word is set to one. There are two read
operations: byte read and sequential read.

BYTE READ: A byte read is initiated with a start condition
followed by a 7 bit data word address and a high read bit.
The AT24C01 will respond with an acknowledge and then
serially output 8 data bits. The microcontroller does not
respond with a zero but does generate a following stop
condition (refer to Figure 3).

SEQUENTIAL READ: Sequential reads are initiated the
same as a byte read. After the microcontroller receives an
8 bit data word, it responds with an acknowledge. As long
as the E2PROM receives an acknowledge, it will continue
to increment the data word address and serially clock out
sequential data words. When the memory address limit is
reached, the data word address will “roll over” and the se-
quential read will continue. The sequential read operation
is terminated when the microcontroller does not respond
with an input zero but does generate a following stop con-
dition (refer to Figure 4).

T
SDA LINE ‘ | L |
| I

omng
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Figure 2. Page Write
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WORD

SDA LINE ‘J

vO—H®»

ADDRESS (n) DATA n DATA N + 1 DATAn + 3
T 17T 17T 7771 ] T 1T T 1T 177 I ' T T 17T 1T 177 l
B N N A | ‘ | N T T S I | | N O SN | | N T N T N |

M LRA A A A
S s/c o} c\\ c
B BWK K K K
Figure 3. Byte Read
s
T s
A T
R WORD o]
T ADDRESS (n) P
T T T 1T T T 1T
soaLe | M| i
B T T T T | ) R O N T W A
M LR A DATA n N
s s/ c o
B BW K
A
c
K
Figure 4. Sequential Read
s
A A A T
c o] c o)
ADDRESS K K K \ P
-~ T T T T 1T T T 1T 17 17 77T 1T 1T 17 T 17T T T T 17 177
soaune | | 1 || /4 U
| 1 O I N T 0 S O N T S | B N T T S T T S U Y N N N
R A DATA n DATA n + 1 DATA n + 2 I\ DATA n + x
WK

2-10
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Ordering Information

twr (max) | Icc (max) | Iss (max) fmAX .
Ordering Code Package Operation Range
(ms) (uA) (uA) (kHz)
10 3000 18 400 AT24C01-10PC 8P3 Commercial
AT24C01-10SC 851 (0°C to 70°C)
3000 18 400 AT24C01-10PI 8P3 Industrial
AT24C01-10SlI 851 (-40°C to 85°C)
10 1500 4 100 AT24C01-10PC-2.7 8P3 Commercial
AT24C01-10SC-2.7 8S1 (0°C to 70°C)
1500 4 100 AT24C01-10PI-2.7 8P3 Industrial
AT24C01-108I-2.7 851 (-40°C to 85°C)
10 1000 4 100 AT24C01-10PC-2.5 8P3 Commercial
AT24C01-10SC-2.5 851 (0°C to 70°C)
1000 4 100 AT24C01-10PI-2.5 8P3 Industrial
AT24C01-10SI-2.5 8S1 (-40°C to 85°C)
10 800 3 100 AT24C01-10PC-1.8 8P3 Commerecial
AT24C01-10SC-1.8 8S1 (0°C to 70°C)
800 3 100 AT24C01-10PI-1.8 8P3 Industrial
AT24C01-10S1-1.8 851 (-40°C to 85°C)
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
851 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
Options
Blank Standard Operation (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
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Features

® 2-Wire Serial Interface
® DDC1™/ DDC2™ Interface Compliant for Monitor Identification
® Low Voltage and Standard Voltage Operation
2.5 (Vec = 2.5V to 5.5V)
Internally Organized 128 x 8
100 kHz (2.5V) and 400 kHz (5V) Compatibility
8-Byte Page Write Mode
Write Protection Available
Self-timed Write Cycle (10 ms max)
High Reliability
Endurance: 1 Million Cycles
Data Retention: 100 Years
® 8-Pin PDIP and JEDEC SOIC Packages

Description

The AT24C21 provides 1024 bits of serial electrically erasable and programmable
read only memory (EEPROM) organized as 128 words of 8 bits each. The device is
optimized for use in applications requiring data storage and serial transmission of
configuration and control information. The AT24C21 features two modes of operation:
Transmit-Only Mode and Bi-Directional Mode. Upon power-up, the AT24C21 will be
in the Transmit-Only Mode, sending a serial-bit stream of the entire memory contents,
clocked via the VCLK pin. The Bi-Directional Mode is selected by a valid high-to-low
transition on the SCL pin and offers byte selectable read/write capability of the entire
memory array. The AT24C21 is available in space saving 8-pin PDIP and 8-pin SOIC
packages.

Pin Configurations

Pin Name Function
NC No Connect
SDA Serial Data

Serial Clock Input
SCL (Bi-Directional Mode)

Serial Clock Input
VOLK (Transmit-Only Mode)

8-Pin PDIP 8-Pin SOIC
Ne [ vce ne [ ] 8 | Jvee
ne [ VCLK Nne [ ] 2 7 [ ] veik
ne [ scL Ne[ ] s 6 [ JscL
aND [ SDA ano [ ] 4 5 | ]spa

AT24C21

2-Wire

E2PROM
1K (128 x 8)

Serial CMOS

0405D
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Absolute Maximum Ratings*

Operating Temperature................... -55°C to +125°C
Storage Temperature...........ccoeuee. -65°C to +150°C
Voltage on Any Pin

with Respect to Ground ..............c...... -0.1V to +7.0V
Maximum Operating Voltage ...........cccccceunune 6.25V
DC Output Current.......ccoceeeeeeneereneneseseeens 5.0 mA

Block Diagram

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

Veo —
GND ——
VCLK %
scL START
STOP .
SDA LOGIC
SERIAL
CONTROL H.V. PUMP/TIMING
LOGIC
DATA RECOVERY
LOAD |INC
DATA WORD @ 2
R
ADDR/COUNTER > : E PROM
RIW
A 4
Y DEC SERIAL MUX
Diy Dour/ACK
LOGIC
I

| Dour
; F

Pin Description

SERIAL CLOCK (SCL): The SCL input is used to positive
edge clock data into each E2PROM device and negative
edge clock data out of each device.

SERIAL DATA (SDA): The SDA pin is bidirectional for se-
rial data transfer. This pin is open-drain driven and may be
wire-ORed with any number of other open drain or open
collector devices.

SERIAL CLOCK (VCLK): Upon power-up, the device is
in the Transmit-Only mode and will transmit the entire mem-
ory contents via the SDA pin with positive signals on the
VCLK pin.

Memory Organization

AT24C21, 1K SERIAL E2PROM: Internally organized
with 128 pages of one byte each. The 1K requires a 7 bit
data word address for random word addressing.
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DC Characteristics

Applicable over recommended operating range from: Tal = -40°C to +85°C, Tac = 0°C to +70°C,
Vce = +2.5V to +5.5V (unless otherwise noted).

Symbol Parameter Test Condition Min Typ Max Units
Vce Supply Voltage 2.5 55 \
lcc Supply Current Vce = 5.0V READ at 100 kHz 0.4 1.0 mA
Icc Supply Current Vcc = 5.0V WRITE at 100 kHz 2.0 3.0 mA
s Standby Current Voc = 2.5V VIN=Vccor Vss 3.0 4.0 LA
Vce =5.0V VIN = Vcc or Vss 12.0 30.0 LA
[N} Input Leakage Current ViN = Vcc or Vss 0.10 1.0 pA
Lo Output Leakage Current Vout = Vcc or Vss 0.05 1.0 A
ViL Input Low Level (1) SCL, SDA Pin Vce x 0.3 v
Input Low Level VCLK Pin Vee 22.7V 0.8 \
Vce < 2.7V 0.2xVce \'
ViH Input High Level (1) SCL, SDA Pin Vce x 0.7 Vce +0.5 v
Input High Level VCLK Pin 2.0 \
VoL Output Low Level Vcc = 3.0V loL=2.1mA 0.40 \
Note: 1. ViL min and Vi max are for reference only and not tested.
Pin Capacitance "
Applicable over recommended operating range from Ta =25°C, f = 1.0 MHz, Vcc = +1.8V.
Symbol Test Condition Max Units Conditions
Cio Input/Output Capacitance (SDA) 8 pF Vyo =0V
CIN Input Capacitance (Ao, A1, A2, SCL, VCLK) 6 pF VIN = 0V
Note: 1. This parameter is characterized and is not 100% tested.
2-15
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Transmit-Only Mode
2.5-volt 5.0-volt
Symbol  Parameter Min Max Min Max Units
Tvaa Output valid from VCLK 500 500 ns
‘ TvHiGH  VCLK high-time 4.0 6 us
’ ) TvLow VCLK low-time 4.7 1.3 us
TvHz Mode transition time 500 500 ns
TvPu Transmit-Only power-up time 0 0 ns

AC Characteristics

Applicable over recommended operating range from Ta =-40°C to +85°C, Vcc = +2 5V to +5.5V CL =1 TTL Gate and
100 pF (unless otherwise noted).

Symbol Parameter 2.5-volt 5.0-volt

Min Max Min Max Units
fscL Clock Frequency, SCL 0 100 0 400 kHz
tLow Clock Pulse Width Low 4.7 1.3 us
tHIGH Clock Pulse Width High 4.0 0.6 us
n e Suppression ime A o |
tAA Clock Low to Data Out Valid 0.1 3.5 0.1 0.9 us

Time the bus must be free before

1BUF a new transmission can start 47 1.3 us
tHD.STA Start Hold Time 4.0 ) 0.6 us
tSU.STA Start Set-up Time 4.7 0.6 us
tHD.DAT Data In Hold Time 0 0 us
tsu.DAT Data In Set-up Time 250 100 ns
1R Inputs Rise Time (1) 1.0 0.3 us
tF Inputs Fall Time (1) 300 300 ns
tsu.sTO Stop Set-up Time 4.0 0.6 us
tDH Data Out Hold Time 100 50 ns
WR Write Cycle Time 10 10 ms

Note: 1. This parameter is characterized and is not 100% tested.
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Functional Description

The AT24C21 has two modes of operation: the Transmit-
Only Mode and the Bi-Directional Mode. There is a sepa-
rate 2-wire protocol to support each mode, each having a
separate clock input (SCL and VCLK) and both modes
sharing a common bi-directional data line (SDA). The
AT24C21 enters the Transmit-Only Mode upon powering
up the device. In this mode, the device transmits data on
the SDA pin upon a clock signal on the VCLK pin. The
device will remain in the Transmit-Only Mode until a valid
high-to-low transition takes place on the SCL pin. The de-
vice will switch into the Bi-Directional Mode when a valid
transition on the SCL pin is recognized. Once the device
has transitioned to the Bi-Directional Mode, there is no
way to return to the Transmit-Only Mode, except to power
down (reset) the device.

Figure 1. Transmit-Only Mode

Transmit-Only Mode (DDC1)

The AT24C21 will power up in the Transmit-Only Mode. In
this mode, the device will output one bit of data on the
SDA pin on each rising edge on the VCLK pin. Data is
transmitted in 8 bit words with the most significant bit first.
Each word is followed by a 9th “don’t care” bit which will
be in high impedance state (refer to Figure 1). The
AT24C21 will continuously cycle through the entire mem-
ory array in incremental sequence as long a VCLK is pre-
sent and no falling edges on SCL are received. When the
maximum address (7FH) is reached, the ouput will wrap
around to the zero location (00H) and continue. The Bi-Di-
rectional mode clock (SCL) pin must be held high for the
device to remain in the Transmit-Only mode.

Upon power-up, the AT24C21 will not output valid data
until it has been initialized. During initialization, data will
not be available until after the first nine clocks are sent to
the device (refer to Figure 2). The starting address for the
Transmit-Only mode can be determined during initializa-
tion. If the SDA pin is held high during the first eight
clocks (refer to Figure 2), the starting address will be 7FH.
If the SDA pin is low during the first eight clocks, the start-
ing address will be 00H. During the ninth clock, SDA
should be in high impedance.

SCL must remain high for transmit-only mode

SCL

soa__ e B Bro X s e X B 1 e X 5 /B2ra \oie (B
VCLK

TVHIGH TVLOW

Figure 2. Device Initialization for Transmit-Only Mode

SDA at high impedance for 9 clock cycles

Valid data begins on 10th clock
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Bi-Directional Mode (DDC2)

This mode supports a 2-wire, bi-directional data transmis-
sion protocol. The AT24C21 can be switched into the Bi-
Directional Mode by issuing a valid high to low transition
on the SCL pin (refer to Figure 3). After the device is in the
Bi-Directional Mode, all inputs to the VCLK pin are ig-
nored, except when a logic high is required to enable write
capability. All byte and page writes and byte and sequen-
tial reads are supported in this mode.

Bi-Directional Mode Operation:

CLOCK and DATA TRANSITIONS: The SDA pin is nor-
mally pulled high with an external device. Data on the SDA
pin may change only during SCL low time periods (refer to
Data Validity timing diagram). Data changes during SCL
high periods will indicate a start or stop condition as de-
fined below.

START CONDITION: A high-to-low transition of SDA with
SCL high is a start condition which must precede any other
command (refer to Start and Stop Definition timing dia-
gram).

STOP CONDITION: A low-to-high transition of SDA with
SCL high is a stop condition. After a read or write se-
quence, the stop command will place the E2PROM in a
standby power mode (refer to Start and Stop Definition
timing diagram).

Figure 3. Mode Transition

Transmit-Only Mode |

SCL

ACKNOWLEDGE: All addresses and data words are se-
rially transmitted to and from the E2PROM in 8 bit words.
The E2PROM sends a zero to acknowledge that it has re-
ceived each word. This happens during the ninth clock
cycle.

Device Addressing

The AT24C21 requires an 8 bit device address word fol-
lowing a start condition to enable the chip for a read or
write operation (refer to Figure 4).

The device address word consists of a mandatory one,
zero sequence for the first four most significant bits as
shown. This is common to all the E2PROM devices.

The next three bits are don’t care for the AT24C21.

The eighth bit of the device address is the read/write op-
eration select bit. A read operation is initiated if this bit is
high and a write operation is initiated if this bit is low.
Upon a compare of the device address, the EZPROM will
output a zero. If a compare is not made, the chip will re-
turn to a standby state.

STANDBY MODE: The AT24C21 features a low power
standby mode which is enabled: (a) upon power-up and
(b) after the receipt of the STOP bit and the completion of
any internal operations.

Bi-Directional Mode

i Tuhz

son X

VCLK
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Bus Timing SCL: Serial Clock SDA: Serial Data I/0

t
VRS |- ta
> >
ScL tiow tLow \
S —/ N
tsusTa thp.sta tHp.DaT He—>| tgy par tsu.sto

SDA IN /

i G

Write Cycle Timing SCL: Serial Clock SDA: Serial Data I/O

“ ____ /NS \/ AV
I CTIC VAN Gay/ oV Ve

 WORD n

twr
STOP START
CONDITION CONDITION
Note: The write cycle time twr is the time from a valid stop condition of a write sequence to the end of the internal clear/write

cycle.
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Data Validity

SDA /
SCL / \

DATA STABLE DATA STABLE

DATA
CHANGE

Start and Stop Definition

w NN

START STOP

Output Acknowledge

o A
VD G e

DATA OUTPUT
FROM 4\
TRANSMITTER

DATA OUTPUT - —
FROM
RECEIVER L

START ACKNOWLEDGE
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Write Operations

BYTE WRITE: A write operation requires an 8 bit data
word addresses following the device address word and
acknowlegement. Upon receipt of this address, the
E2PROM will again respond with a zero and then clock in
the first 8 bit data word. Following receipt of the 8 bit data
word, the E2PROM will output a zero and the addressing
device, such as a microcontroller, must terminate the write
sequence with a stop condition. At this time the E2PROM
enters an internally-timed write cycle to the nonvolatile
memory. All inputs are disabled during this write cycle and
the E2PROM will not respond until the write is complete
(refer to Figure 5).

It is required that VCLK be held at a high logic level in
order to program the device. This applies to byte write and
page write operation. Note that VCLK can go low while the
device is in its self-timed program operation and not affect
programming.

PAGE WRITE: The AT24C21 is capable of an 8-byte
page write.

A page write is initiated the same as a byte write, but the
microcontroller does not send a stop condition after the
first data word is clocked in. Instead, after the E2PROM
acknowledges receipt of the first data word, the microcon-
troller can transmit up to seven more data words. The
E2PROM will respond with a zero after each data word
received. The microcontroller must terminate the page
write sequence with a stop condition (refer to Figure 6).

The data word address lower three bits are internally in-
cremented following the receipt of each data word. The
higher data word address bits are not incremented, retain-
ing the memory page row location. If more than eight data
words are transmitted to the E2PROM, the data word ad-
dress will “roll over” and previous data will be overwritten.
The address “roll over” during write is from the last byte of
the current page to the first byte of the same page.

It is required that VCLK be held at a high logic level in
order to program the device. This applies to byte write and
page write operation. Note that VCLK can go low while the
device is in its self-timed program operation and not affect
programming.

ACKNOWLEDGE POLLING: Once the internally-timed
write cycle has started and the E2PROM inputs are dis-
abled, acknowledge polling can be initiated. This involves
sending a start condition followed by the device address
word. The read/write bit is representative of the operation
desired. Only if the internal write cycle has completed will
the E2PROM respond with a zero allowing the read or
write sequence to continue.

WRITE PROTECTION: When VCLK pin is connected to
GND and in the Bi-Directional Mode, the entire memory is
protected and becomes ROM only. This protects the de-
vice memory from any inadvertent write operations.

NOISE PROTECTION: Special internal circuitry placed
on the SDA and SCL pins prevent small noise spikes from
activating the device. Furthermore, the AT24C21 employs
a low Vcc detector circuit which disables the erase\write
logic whenever Vcc falls below 1.5 volts.

Read Operations

Read operations are initiated the same way as write op-
erations with the exception that the read/write select bit in
the device address word is set to one. There are three
read operations: current address read, random address
read and sequential read.

CURRENT ADDRESS READ: The internal data word ad-
dress counter maintains the last address accessed during
the last read or write operation, incremented by one. This
address stays valid between operations as long as the
chip power is maintained. The address “roll over” during
read is from the last byte of the last memory page to the
first byte of the first page.

Once the device address with the read/write select bit set
to one is clocked in and acknowledged by the E2PROM,
the current address data word is serially clocked out. The
microcontroller does not respond with an input zero but
does generate a following stop condition (refer to Figure
7).

RANDOM READ: A random read requires a “dummy”
byte write sequence to load in the data word address.
Once the device address word and data word address are
clocked in and acknowledged by the E2PROM, the micro-
controller must generate another start condition. The mi-
crocontroller now initiates a current address read by send-
ing a device address with the read/write select bit high.
The E2PROM acknowledges the device address and seri-
ally clocks out the data word. The microcontroller does not
respond with a zero but does generate a following stop
condition (refer to Figure 8).

SEQUENTIAL READ: Sequential reads are initiated by
either a current address read or a random address read.
After the microcontroller receives a data word, it responds
with an acknowledge. As long as the E2PROM receives an
acknowledge, it will continue to increment the data word
address and serially clock out sequential data words.
When the memory address limit is reached, the data word
address will “roll over” and the sequential read will con-
tinue. The sequential read operation is terminated when
the microcontroller does not respond with a zero but does
generate a following stop condition (refer to Figure 9).
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Figure 4. Device Address

RICIRICIEI EIEY.T

MSB LSB
Figure 5. Byte Write
S w
T R s
A | T
R  DEVICE T o
T ADDRESS E  WORD ADDRESS DATA P
LI T T T 1777 T T T 17717
SDA LINE J* * *] H* ‘ ‘ ‘ H
L1 I N DU SO T | | U T U T B T
M LRA M LA A
S s/C s scC [
B BWK B BK K
Figure 6. Page Write
] w
T R 7
A 1 T
R  DEVICE T o}
T ADDRESS E WORD ADDRESS (n) DATA (n) DATA (n + 1) \\ DATA (n+x) P
T T T T 17T T T 1T T T 1T 1T T T 71T 1T T T 177
soaume [ || ][ [riei] | [+ i | WV [
L S A IO OO N | § N N N O T T | I I O | K\‘ | T S -
M LRA M LA A A A
S s/C S sC c c c
B BWK B B K K K K

(* = Don't care bits)
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Figure 7. Current Address Read

5
T R S
A E T
R DEVICE A o
T ADDRESS D P
T 17 T 1T 1T 177
SDA LINE 1 ‘* * *‘ | ‘ ' U
L1 N OO N I T A |
M LR A DATA N
S s/ C 0o
B Bw K
A
c
K
Figure 8. Random Read
S w s
A R A DEVICE B $
R  DEVICE T WORD R ADDRESS A o
T ADDRESS E ADDRESS n T D P
T T 17 T 1T T 177 T T T 17T 17T 17T
SDA LINE ***[ ‘ ‘* \ ‘***‘ ) 1 ’ ]_‘
il Il N T N O S S | L1 | S N N B I |
M LRA M LA M L A DATA n N
S s/C s SC s s C o
| B BWK B B |K B B K A
| [¢]
DUMMY WRITE K
Figure 9. Sequential Read
R S
E A A A T
DEVICE A [o] ¢} Cc o]
ADDRESS D K K P
I T 1T 1T 17 17T T T T 1T 177 1T T 17 1T 77T T T T 17 177
il i i | U
- - = L | Y NN N I | | N I T | | T Y N S | N N Y O |
17 é DATA n DATA n + 1 DATA n + 2 DATA n + X
WK

x0O>» Oz

(* = Don’t care bits)
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Ordering Information

max) | lcc (max Isg (max f
twa ( )| lee (max) s8 ( ) MAX Ordering Code Package Operation Range
(ms) (uA) (uA) (kH2)

10 3000 4 400 AT24C21-10PC-2.5 8P3 Commercial

AT24C21-10SC-2.5 8S1 (0°C to 70°C)
3000 4 400 AT24C21-10PI-2.5 8P3 Industrial
AT24C21-10SI-2.5 851 (-40°C to 85°C)
Package Type

8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8S1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
Options

-2.5 Low Voltage (2.5V to 5.5V)
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Features

® Low Voltage and Standard Voltage Operation
5.0 (Vcc = 4.5V to 5.5V)
2.7 (Vcc = 2.7V to 5.5V)
2.5 (Vce = 2.5V to 5.5V)
1.8 (Vcc = 1.8V to 5.5V)

® Internally Organized 128 x 8 (1K), 256 x 8 (2K), 512 x 8 (4K),
1024 x 8 (8K) or 2048 x 8 (16K)
® 2-Wire Serial Interface .
@ Bidirectional Data Transfer Protocol 2-W| re
® 100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility
® Write Protect Pin for Hardware Data Protection H
® 8-Byte Page (1K, 2K), 16-Byte Page (4K, 8K, 16K) Write Modes Sg"al CMOS
@ Partial Page Writes Are Allowed
@ Self-Timed Write Cycle (10 ms max) E PROM
@ High Reliability
Endurance: 1 Million Cycles 1K (128 x 8)
Data Retention: 100 Years
® Automotive Grade and Extended Temperature Devices Available 2K (256 x 8)
® 8-Pin and 14-Pin JEDEC SOIC and 8-Pin PDIP Packages
o 4K (512 x 8)
Description

The AT24C01A/02/04/08/16 provides 1024/2048/4096/8192/16384 bits of serial elec- | 8K (1024 x 8)
trically erasable and programmable read only memory (EEPROM) organized as
128/256/512/1024/2048 words of 8 bits each. The device is optimized for use in many 16K (2048 x 8)
industrial and commercial applications where low power and low voltage operation are
essential. The AT24C01A/02/04/08/16 is available in space saving 8-pin PDIP, 8-pin
and 14-pin SOIC packages and is accessed via a 2-wire serial interface. In addition,
the entire family is available in 5.0V (4.5V to 5.5V), 2.7V (2.7V to 5.5V), 2.5V (2.5V to
5.5V) and 1.8V (1.8V to 5.5V) versions.

Pin Configurations

Pin Name Function 8-Pin PDIP
Ao to Az Address Inputs u
SDA Serial Data Ao [ 4 8| Jvee
SCL Serial Clock Input At |2 7 ] we
wP Write Protect
A2 3 6 scL
NC No Connect l: j
ano [ ] 4 5| | spA
14-Pin SOIC
ne [ 4 14 [Ine 8-Pin SOIC
a2 13 | ] vee W
A0 1 8 vee
at[] s 12 [ Jwe . N/
A1 wp
ne ] 4 1 [ Jne C e 4 ;‘]
A 3 6 scL
A2 [:‘ 5 10 [ scL 2L t:l
GND [ 4 5 SDA
GND [ | 6 o [ soa
N[ 7 8 [ ]NC 0180C
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Absolute Maximum Ratings*

Operating Temperature................... -55°C to +125°C
Storage Temperature.........cccovueeee -65°C to +150°C
Voltage on Any Pin

with Respect to Ground ..........coc.cecne. -0.1V to +7.0V
Maximum Operating Voltage ...........cccceueueunneee 6.25V
DC Output Current........cceceeeverevinsiencrceennn, 5.0 mA

Block Diagram

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

VCC —
GND ——
wp
scL i » START
STOP
SDA > LOGIC R
SERIAL |y
CONTROL H.V. PUMP/TIMING
»  LoGIC
LOAD
»  DEVICE comp DATA RECOVERY
ADDRESS
» COMPARATOR LOAD |INC
" '] ; o
Ay R/W DATA WORD w E2PROM
A ADDR/COUNTER °

»  SERIAL MUX

l

Dour/ACK

LOGIC

;, I Dour
I

Pin Description

SERIAL CLOCK (SCL): The SCL input is used to positive
edge clock data into each E2PROM device and negative
edge clock data out of each device.

SERIAL DATA (SDA): The SDA pin is bidirectional for se-
rial data transfer. This pin is open-drain driven and may be
wire-ORed with any number of other open-drain or open
collector devices.

DEVICE/PAGE ADDRESSES (A2, A1, A0): The A2, A1
and AO pins are device address inputs that are hard wired
for the AT24C01A and the AT24C02. As many as eight
1K/2K devices may be addressed on a single bus system
(device addressing is discussed in detail under the Device
Addressing section).

The AT24C04 uses the A2 and A1 inputs for hard wire
addressing and a total of four 4K devices may be ad-
dressed on a single bus system. The A0 pin is a no con-
nect.

The AT24C08 only uses the A2 input for hardwire ad-
dressing and a total of two 8K devices may be addressed
on a single bus system. The A0 and A1 pins are no con-
nects.

The AT24C16 does not use the device address pins which
limits the number of devices on a single bus to one. The
A0, A1 and A2 pins are no connects.

(continued)
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Pin Description (Continued)

WRITE PROTECT (WP): The AT24C01A/02/04/16 has a
Write Protect pin that provides hardware data protection.
The Write Protect pin allows normal read/write operations
when connected to ground (GND). When the Write Protect
pin is connected to Vcg, the write protection feature is en-
abled and operates as shown in the following table.

WP Pin Part of the Array Protected
Status | 54co1A | 24c02 | 24c04 | 24cos | 24ci16
Normal Upper

Full (1K)|Full (2K)|Full (4K)

AtVee Array Array Array

Read/Write |Half (8K)
Operation |Array

At GND  [Normal Read/Write Operations

Pin Capacitance "

Memory Organization

AT24C01A, 1K SERIAL E2PROM: Internally organized
with 128 pages of 1-byte each, the 1K requires a 7 bit data
word address for random word addressing.

AT24C02, 2K SERIAL E2PROM: Internally organized
with 256 pages of 1-byte each, the 2K requires an 8 bit
data word address for random word addressing.
AT24C04, 4K SERIAL E2PROM: The 4K is internally or-
ganized with 256 pages of 2-bytes each. Random word
addressing requires a 9 bit data word address.

AT24C08, 8K SERIAL E2PROM: The 8K is internally or-
ganized with 4 blocks of 256 pages of 4-bytes each. Ran-
dom word addressing requires a 10 bit data word address.
AT24C16, 16K SERIAL E2PROM: The 16K is internally
organized with 8 blocks of 256 pages of 8-bytes each.

Random word addressing requires an 11 bit data word ad-
dress.

Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +1.8V.

Symbol Test Condition Max Units Conditions
Cio Input/Output Capacitance (SDA) 8 pF Viio = 0V
CiN Input Capacitance (Ao, A1, A2, SCL) 6 pF ViN =0V

Note: 1. This parameter is characterized and is not 100% tested.

DC Characteristics

Applicable over recommended operating range from: Ta| = -40°C to +85°C, Vcc = +1.8V to +5.5V, Tac = 0°C to +70°C,

Vce = +1.8V to +5.5V (unless otherwise noted).

Symbol  Parameter Test Condition Min Typ Max Units
Veet Supply Voltage 1.8 55 \Y
Vcez Supply Voltage 2.5 5.5 \'
Vces Supply Voltage 2.7 55 Y
Vcea Supply Voltage 4.5 5.5 \Y
lcc Supply Current Vcc = 5.0V READ at 100 kHz 0.4 1.0 mA
lcc Supply Current Vcc = 5.0V WRITE at 100 kHz 2.0 3.0 mA
IsB1 Standby Current Vcc = 1.8V ViN = Vce or Vss 0.6 3.0 A
IsB2 Standby Current Vcc = 2.5V VIN = Vce or Vss 1.4 4.0 uA
IsB3 Standby Current Vcc = 2.7V ViN = Vcce or Vss 1.6 4.0 A
IsB4 Standby Current Vcc = 5.0V VIN = Vce or Vss 8.0 18.0 uA
I Input Leakage Current ViN = Vce or Vss 0.10 3.0 pA
ILo Output Leakage Current Vout = Vcc or Vss 0.05 3.0 nA
ViL Input Low Level (1) -1.0 Vce x 0.3 v
ViH Input High Level (1) Vee x 0.7 Vce +0.5 v
VoL2 Output Low Level Vce = 3.0V loL=2.1 mA 0.4 \'%
Vou1 Output Low Level Vcc = 1.8V loL=0.15mA 0.2 \

Note: 1. ViL min and Vi max are reference only and are not tested.
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AC Characteristics

Applicable over recommended operating range from Ta = -40°C to +85°C, Vcc = +1.8V to +5.5V, CL = 1 TTL Gate and

100 pF (unless otherwise noted).

Symbol Parameter 2.7-, 2.5-, 1.8-volt 5.0-volt

Min | Max Min Max Units
fscL Clock Frequency, SCL 100 400 kHz
tLow Clock Pulse Width Low 4.7 1.2 us
tHIGH Clock Pulse Width High 4.0 0.6 us
1 Noise Suppression Time M 100 50 ns
taA Clock Low to Data Out Valid 0.1 4.5 0.1 0.9 us
tour anmission can start B oot | 47 12 ps
tHD.STA Start Hold Time 4.0 0.6 us
tsu.sTA Start Set-up Time 4.7 0.6 us
tHD.DAT Data In Hold Time 0 0 us
{SU.DAT Data In Set-up Time 200 100 ns
tr Inputs Rise Time M 1.0 0.3 us
tF Inputs Fall Time U 300 300 ns
tsu.sTO Stop Set-up Time 4.7 0.6 us
toH Data Out Hold Time 100 50 ns
twr Write Cycle Time 10 10 ms

Note: 1. This parameter is characterized and is not 100% tested.

Device Operation

CLOCK and DATA TRANSITIONS: The SDA pin is nor-
mally pulled high with an external device. Data on the SDA
pin may change only during SCL low time periods (refer to
Data Validity timing diagram). Data changes during SCL
high periods will indicate a start or stop condition as de-
fined below.

START CONDITION: A high-to-low transition of SDA with
SCL high is a start condition which must precede any
other command (refer to Start and Stop Definition timing
diagram).

STOP CONDITION: A low-to-high transition of SDA with
SCL high is a stop condition. After a read sequence, the
stop command will place the E2PROM in a standby power
mode (refer to Start and Stop Definition timing diagram).

ACKNOWLEDGE: All addresses and data words are se-
rially transmitted to and from the E2PROM in 8 bit words.
The E2PROM sends a zero to acknowledge that it has re-
ceived each word. This happens during the ninth clock cy-
cle.

STANDBY MODE: The AT24C01A/02/04/08/16 features
a low power standby mode which is enabled: (a) upon
power-up and (b) after the receipt of the STOP bit and the
completion of any internal operations.
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Bus Timing SCL: Serial Clock SDA: Serial Data I/O

t
—f et o IGH

sCL tLow tiow \

tsu.sto
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é
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tsu.sTa tho.sta tup par [«

SDA IN

e T X

Write Cycle Timing SCL: Serial Clock SDA: Serial Data I/O

_ 7/
SDA X sth BIT \ ACK /—\/ / /) \
~ WORDn o
[ tWH ——P
STOP START
CONDITION CONDITION

Note: 1. The write cycle time twr is the time from a valid stop condition of a write sequence to the end of the internal clear/write cycle.
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Data Validity
SDA
scL
DATA STABLE DATA STABLE
DATA
CHANGE

Start and Stop Definition

o NS N

SCL

START sTOP
Output Acknowledge

SCL

\WAVARVANIO I
e N/

DATA OUT

START ACKNOWLEDGE
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Device Addressing

The 1K, 2K, 4K, 8K and 16K E2PROM devices all require
an 8 bit device address word following a start condition to
enable the chip for a read or write operation (refer to Fig-
ure 1).

The device address word consists of a mandatory one,
zero sequence for the first four most significant bits as
shown. This is common to all the E2PROM devices.

The next 3 bits are the A2, A1 and A0 device address bits
for the 1K/2K E2PROM. These 3 bits must compare to
their corresponding hard-wired input pins.

The 4K E2PROM only uses the A2 and A1 device address
bits with the third bit being a memory page address bit.
The two device address bits must compare to their corre-
sponding hard-wired input pins. The AO pin is no connect.

The 8K E2PROM only uses the A2 device address bit with
the next 2 bits being for memory page addressing. The A2
bit must compare to its corresponding hard-wired input
pin. The A1 and AO pins are no connect.

The 16K does not use any device address bits but instead
the 3 bits are used for memory page addressing. These
page addressing bits on the 4K, 8K, and 16K devices
should be considered the most significant bits of the data
word address which follows. The A0, A1 and A2 pins are
no connect.

The eighth bit of the device address is the read/write op-
eration select bit. A read operation is initiated if this bit is
high and a write operation is initiated if this bit is low.

Upon a compare of the device address, the E2PROM will
output a zero. If a compare is not made, the chip will return
to a standby state.

Write Operations

BYTE WRITE: A write operation requires an 8 bit data
word address following the device address word and ac-
knowledgement. Upon receipt of this address, the
E2PROM will again respond with a zero and then clock in
the first 8 bit data word. Following receipt of the 8 bit data
word, the E2PROM will output a zero and the addressing
device, such as a microcontroller, must terminate the write
sequence with a stop condition. At this time the E2PROM
enters an internally-timed write cycle to the nonvolatile
memory. All inputs are disabled during this write cycle and
the E2PROM will not respond until the write is complete
(refer to Figure 2).

PAGE WRITE: The 1K/2K E2PROM is capable of an 8-
byte page write, and the 4K, 8K and 16K devices are ca-
pable of 16-byte page writes.

A page write is initiated the same as a byte write, but the
microcontroller does not send a stop condition after the
first data word is clocked in. Instead, after the E2PROM
acknowledges receipt of the first data word, the microcon-
troller can transmit up to seven (1K/2K) or fifteen (4K, 8K,
16K) more data words. The E2PROM will respond with a
zero after each data word received. The microcontroller
must terminate the page write sequence with a stop con-
dition (refer to Figure 3).

The data word address lower three (1K/2K) or four (4K,
8K, 16K) bits are internally incremented following the re-
ceipt of each data word. The higher data word address bits
are not incremented, retaining the memory page row loca-
tion. If more than eight (1K/2K) or sixteen (4K, 8K, 16K)
data words are transmitted to the E2PROM, the data word
address will “roll over” and previous data will be overwrit-
ten.

ACKNOWLEDGE POLLING: Once the internally-timed
write cycle has started and the E2PROM inputs are dis-
abled, acknowledge polling can be initiated. This involves
sending a start condition followed by the device address
word. The read/write bit is representative of the operation
desired. Only if the internal write cycle has completed will
the E2PROM respond with a zero allowing the read or
write sequence to continue.

Read Operations

Read operations are initiated the same way as write op-
erations with the exception that the read/write select bit in
the device address word is set to one. There are three
read operations: current address read, random address
read and sequential read.

CURRENT ADDRESS READ: The internal data word ad-
dress counter maintains the last address accessed during
the last read or write operation, incremented by one. This
address stays valid between operations as long as the
chip power is maintained. The address “roll over” during
read is from the last byte of the last memory page to the
first byte of the first page. The address “roll over” during
write is from the last byte of the current page to the first
byte of the same page.

Once the device address with the read/write select bit set
to one is clocked in and acknowledged by the E2PROM,
the current address data word is serially clocked out. The
microcontroller does not respond with an input zero but
does generate a following stop condition (refer to Figure
4).

RANDOM READ: A random read requires a “dummy”
byte write sequence to load in the data word address.
Once the device address word and data word address are
clocked in and acknowledged by the E2PROM, the micro-

(continued)
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Read Operations (Continued)

controller must generate another start condition. The mi-
crocontroller now initiates a current address read by send-
ing a device address with the read/write select bit high.
The E2PROM acknowledges the device address and seri-
ally clocks out the data word. The microcontroller does not
respond with a zero but does generate a following stop
condition (refer to Figure 5).

SEQUENTIAL READ: Sequential reads are initiated by
either a current address read or a random address read.

Figure 1. Device Address

After the microcontroller receives a data word, it responds
with an acknowledge. As long as the E2PROM receives an
acknowledge, it will continue to increment the data word
address and serially clock out sequential data words.
When the memory address limit is reached, the data word
address will “roll over” and the sequential read will con-
tinue. The sequential read operation is terminated when
the microcontroller does not respond with a zero but does
generate a following stop condition (refer to Figure 6).

ek [ 1] o] 1]oA]A]A RW
MSD LSB

a [1]of1]o[A[a]polpm

8K 1101

A, | P1| PO [R/W|

16k | 1]0] 1]0|p2][P1]PolrRW

Figure 2. Byte Write

s w
T R S
A 1 T
R  DEVICE T o)
T ADDRESS E  WORD ADDRESS DATA P
T T T 17T 17T T 7177 T T 1T 7177177
SDA LINE k | l* ‘ 1 { l_l
L1 | I I I N | § S I N T N |
M LRA M LA A
S s/ c s S C [o]
B BWK B B K K
Figure 3. Page Write
S w
T R S
A 1 T
R  DEVICE T o)
T ADDRESS E WORD ADDRESS (n) DATA (n) DATA (n + 1) \DATA (n+x P
T T T T 1T 7177 T 1T 7T 177 T T 17T 17T T 1T T T 1771
soune | [[]] ][] | i Vi il
L1 N S IS | S I Y A B | I Y OO T T S \\I I D
M LR A A A A A
S s/ cC c [ c c
B BW K K K K K

(=DON'T CARE bit for 1K)
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Figure 4. Current Address Read

S
T R s
A E T
R DEVICE A o]
T aApDRESS D P
TT T T T T 71T
SDA LINE * K * l l 1 u
- | T N T |
M LR A DATA N
S s/ c o]
B BW K
A
c
K
Figure 5. Random Read
s w S
x R A DEVICE B $
R DEVICE T WORD R ADDRESS A 0
T ADDRESS E ADDRESS n T D P
T T T T T 1T 177 T T T T T T
SDA LINE * ok ox ]* ‘ ***H ‘ U
L1 | T I I | - N S N S S |
M LRA M LA M L A DATA n N
S s/ C s SC s s C o}
| B BWK B BJK B B K
A
I C
DUMMY WRITE K
(» = DON'T CARE bit for 1K)
Figure 6. Sequential Read
R s
E A A A T
DEVICE A [ o] c ¢}
ADDRESS D K K K P
I T T 17T 1T T T 17T T 1771 T T T T 17T 1T T 17T 717 7T
U L | L 1
[ A | I I U | N I S S N | ) N N N N | § Y NN N N I |
7 é DATA n DATA n + 1 DATA n + 2 DATA n + x
WK
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Ordering Information

t max; lcc (max IsB (max f
W ( ) ce ) s8 ) mAX Ordering Code Package Operation Range
(ms) (uA) (nA) (kHz)
10 3000 18 400 AT24C01A-10PC 8P3 Commercial
AT24C01A-10SC 851 (0°C to 70°C)
3000 18 400 AT24CO01A-10PI 8P3 Industrial
AT24C01A-10S! 8S1 (-40°C to 85°C)
10 1500 4 100 AT24CO01A-10PC-2.7 8P3 Commercial
AT24C01A-10SC-2.7 851 (0°C to 70°C)
1500 4 100 AT24C01A-10PI-2.7 8P3 Industrial
AT24C01A-10SI-2.7 851 (-40°C to 85°C)
10 1000 4 100 AT24C01A-10PC-2.5 8P3 Commercial
AT24C01A-10SC-2.5 851 (0°C to 70°C)
1000 4 100 AT24CO01A-10PI-2.5 8P3 Industrial
AT24C01A-10SI-2.5 851 (-40°C to 85°C)
10 800 3 100 AT24C01A-10PC-1.8 8P3 Commercial
AT24C01A-10SC-1.8 851 (0°C to 70°C)
800 3 100 AT24C01A-10PI-1.8 8P3 Industrial
AT24C01A-10SI-1.8 851 (-40°C to 85°C)
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8S1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
14S 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC)
Options
Blank Standard Operation (4.5V to 5.5V)
=27 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
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Ordering Information

max lcc (max Ise (max fi
twh ) ce ( ) s8 ) MAX Ordering Code Package | Operation Range
(ms) (uA) (uA) (kHz)
10 3000 18 400 AT24C02-10PC 8P3 Commercial
AT24C02N-10SC 851 (0°C to 70°C)
AT24C02-10SC 148
3000 18 400 AT24C02-10PI 8P3 Industrial
AT24C02N-10SI 851 (-40°C to 85°C)
AT24C02-108lI 14S
10 1500 4 100 AT24C02-10PC-2.7 8P3 Commercial
AT24C02N-10SC-2.7 851 (0°C to 70°C)
AT24C02-10SC-2.7 14S
1500 4 100 AT24C02-10PI1-2.7 8P3 Industrial
AT24C02N-10SI-2.7 851 (-40°C to 85°C)
AT24C02-10SI-2.7 14S
10 1000 4 100 AT24C02-10PC-2.5 8P3 Commercial
AT24C02N-10SC-2.5 851 (0°C to 70°C)
AT24C02-10SC-2.5 148
100 4 100 AT24C02-10PI-2.5 8P3 Industrial
AT24C02N-108I-2.5 8S1 (-40°C to 85°C)
AT24C02-10SI-2.5 14S
10 800 3 100 AT24C02-10PC-1.8 8P3 Commercial
AT24C02N-10SC-1.8 851 (0°C to 70°C)
AT24C02-10SC-1.8 14S
800 3 100 AT24C02-10PI-1.8 8P3 Industrial
AT24C02N-10SI1-1.8 851 (-40°C to 85°C)
AT24C02-10SI-1.8 148
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8s1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
14S 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC)
Options
Blank Standard Operation (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)

-1.8 Low Voltage (1.8V to 5.5V)

AIMEL 2:35



AIMEL

Ordering Information

max lcc (max Iss (max f
twa ( ) ce ( ) s8 ( ) MAX Ordering Code Package | Operation Range
(ms) (uA) (uA) (kHz2)
10 3000 18 400 AT24C04-10PC 8P3 Commercial
AT24C04N-10SC 8S1 (0°C to 70°C)
AT24C04-10SC 14S
3000 18 400 AT24C04-10PI 8P3 Industrial
AT24C04N-108lI 851 (-40°C to 85°C)
AT24C04-10SI 14S
10 1500 4 100 AT24C04-10PC-2.7 8P3 Commercial
AT24C04N-10SC-2.7 8S1 (0°C to 70°C)
AT24C04-10SC-2.7 14S
1500 4 100 AT24C04-10PI1-2.7 8P3 Industrial
AT24C04N-1081-2.7 851 (-40°C to 85°C)
AT24C04-10S1-2.7 14S
10 1000 4 100 AT24C04-10PC-2.5 8P3 Commercial
AT24C04N-10SC-2.5 851 (0°C to 70°C)
AT24C04-10SC-2.5 14S
1000 4 100 AT24C04-10P1-2.5 8P3 Industrial
AT24C04N-10SI-2.5 8S1 (-40°C to 85°C)
AT24C04-10SI-2.5 14S
10 800 3 100 AT24C04-10PC-1.8 8P3 Commercial
AT24C04N-10SC-1.8 8S1 (0°C to 70°C)
AT24C04-10SC-1.8 148
800 3 100 AT24C04-10PI-1.8 8P3 Industrial
AT24C04N-10SI-1.8 851 (-40°C to 85°C)
AT24C04-10SI-1.8 148
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
851 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
14S 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC)
Options

Blank Standard Operation (4.5V to 5.5V)
2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
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Ordering Information

max lcc (max IsB (max f
twh ( ) ce ( ) sa ( ) MAX Ordering Code Package | Operation Range
(ms) (nA) (uA) (kHz)
10 3000 18 400 AT24C08-10PC 8P3 Commercial
AT24C08N-10SC 851 (0°C to 70°C)
AT24C08-10SC 148
3000 18 400 AT24C08-10PI 8P3 Industrial
AT24C08N-10SI 851 (-40°C to 85°C)
AT24C08-10SlI 14S
10 1500 4 100 AT24C08-10PC-2.7 8P3 Commercial
AT24C08N-10SC-2.7 8S1 (0°C to 70°C)
AT24C08-10SC-2.7 14S
1500 4 100 AT24C08-10P1-2.7 8P3 Industrial
AT24C08N-10SI-2.7 851 (-40°C to 85°C)
AT24C08-10SI-2.7 14S
10 1000 4 100 AT24C08-10PC-2.5 8P3 Commercial
AT24C08N-10SC-2.5 8S1 (0°C to 70°C)
AT24C08-10SC-2.5 14S
1000 4 100 AT24C08-10PI-2.5 8P3 Industrial
AT24C08N-10SI-2.5 851 (-40°C to 85°C)
AT24C08-10SI-2.5 148
10 800 3 100 AT24C08-10PC-1.8 8P3 Commercial
AT24C08N-10SC-1.8 851 (0°C to 70°C)
AT24C08-10SC-1.8 148
800 3 100 AT24C08-10PI-1.8 8P3 Industrial
AT24C08N-10SI-1.8 851 (-40°C to 85°C)
AT24C08-10SI-1.8 148
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8s1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
14S 14 Lead, 0.150" Wide, Plastic Gull Wing Smalil Outline (SOIC)
Options
Blank Standard Operation (4.5V to 5.5V)
2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
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Ordering Information

max Icc (max IsB (max f
twa ( ) ce ( ) s8 ( ) MAX Ordering Code Package | Operation Range
(ms) (nA) (uA) (kHz)
10 3000 18 400 AT24C16-10PC 8P3 Commercial
AT24C16N-10SC 8S1 (0°C to 70°C)
AT24C16-10SC 14S
3000 18 400 AT24C16-10PI 8P3 Industrial
AT24C16N-10SI 851 (-40°C to 85°C)
AT24C16-10SlI 14S
10 1500 4 100 AT24C16-10PC-2.7 8P3 Commercial
AT24C16N-10SC-2.7 851 (0°C to 70°C)
AT24C16-10SC-2.7 14S
1500 4 100 AT24C16-10PI-2.7 8P3 Industrial
AT24C16N-10S1-2.7 851 (-40°C to 85°C)
AT24C16-10S1-2.7 148
10 1000 4 100 AT24C16-10PC-2.5 8P3 Commercial
AT24C16N-10SC-2.5 851 (0°C to 70°C)
AT24C16-10SC-2.5 148
1000 4 100 AT24C16-10PI-2.5 8P3 Industrial
AT24C16N-10SI-2.5 851 (-40°C to 85°C)
AT24C16-10SI-2.5 14S
10 800 3 100 AT24C16-10PC-1.8 8P3 Commercial
AT24C16N-10SC-1.8 8S1 (0°C to 70°C)
AT24C16-10SC-1.8 14S
800 3 100 AT24C16-10PI-1.8 8P3 Industrial
AT24C16N-10SI-1.8 851 (-40°C to 85°C)
AT24C16-10S1-1.8 148
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8S1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
14S 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC)
Options
Blank Standard Operation (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
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Features

® Low Voltage and Standard Voltage Operation
5.0 (Vcc = 4.5V to 5.5V)
2.7 (Vcc = 2.7V to 5.5V)
2.5 (Vcc = 2.5V to 5.5V)
1.8 (Vcc = 1.8V to 5.5V)

Internally Organized 2048 x 8 (16K)
2-Wire Serial Interface
Bidirectional Data Transfer Protocol

100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility 2-Wire

Write Protect Pin for Hardware Data Protection

Cascadable Feature Allows for Extended Densities H

16-Byte Page Write Mode Szerlal CMOS

Partial Page Writes Are Allowed

Self-Timed Write Cycle (10 ms max) E P ROM

High Reliability
Endurance: 1 Million Cycles 16K (2048 x 8)
Data Retention: 100 Years

Automotive Grade and Extended Temperature Devices Available

8-Pin JEDEC SOIC and 8-Pin PDIP Packages

Description

The AT24C164 provides 16,384 bits of serial electrically erasable and programmable
read only memory (EEPROM) organized as 2048 words of 8 bits each. The device’s
cascadable feature allows up to eight devices (128K) to share a common 2-wire bus.
The device is optimized for use in many industrial and commercial applications where
low power and low voltage operation are essential. The AT24C164 is available in
space saving 8-pin PDIP and 8-pin SOIC packages and is accessed via a 2-wire
serial interface. In addition, this device is available in 5.0V (4.5V to 5.5V), 2.7V (2.7V
to 5.5V), 2.5V (2.5V to 5.5V) and 1.8V (1.8V to 5.5V) versions.

Pin Configurations

Pin Name Function
Ao to Az Address Inputs
SDA Serial Data
SCL Serial Clock Input
WP Write Protect
8-Pin PDIP 8-Pin SOIC

Aod1 8 | ] vece AOQ1U83VCC

a2 7] we NI 7 [ Jwe
a2 [ s 6 | | scL a2 |3 6 [ ]scL
ano [ 4 5 |_] spa anp [ ] 4 s | ]spba

0105C
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Absolute Maximum Ratings*

Operating Temperature................... -55°C to +125°C
Storage Temperature.........c.ccoueeeenee -65°C to +150°C
Voltage on Any Pin

with Respect to Ground ......... ST -0.1V to +7.0V
Maximum Operating Voltage ..........ccevecuennee. 6.25V
DC Output CUITENt.....coeieerieireeeree e 5.0 mA

Block Diagram

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

VCC
GND——
wp
scL » START
STOP
SDA LoGIC
SERIAL gy
»  CONTROL H.V. PUMP/TIMING
LoGIC
LOAD
e »  DEVICE Q‘:OMP DATA RECOVERY
ADDRESS
COMPARATOR ING
A, T
o
Ay %>0—[ R/W DATA WORD I E’PROM
Ao ‘ ADDR/COUNTER : :
Y DEG | SERIAL MUX
Dy > Doui/ACK
LoaIc

;] I Dour
I

Pin Description

SERIAL CLOCK (SCL): The SCL input is used to positive
edge clock data into each E2PROM device and negative
edge clock data out of each device.

SERIAL DATA (SDA): The SDA pin is bidirectional for
serial data transfer. This pin is open-drain driven and may
be wire-ORed with any number of other open-drain or
open collector devices.

DEVICE SELECT (A2, A1, A0): The A2, A1 and AO pins
are device address inputs that may be hardwired or ac-
tively driven to Vpp or Vss. These inputs allow the selec-
tion for one of eight possible devices sharing a common
bus. The AT24C164 can be made compatible with the
AT24C16 by tying A2, A1 and A0 to Vss. Device address-
ing is discussed in detail in the device addressing section.

2-40

WRITE PROTECT (WP): The write protect input, when
tied low to GND, allows normal write operations. When
WP is tied high to Vcc, all write operations to the memory
are inhibited.

Memory Organization

The AT24C164 is internally organized with 256 pages of
8-bytes each. Random word addressing requires an 11
bit data word address.

AT24C164 meseessssss————
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Pin Capacitance "

Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +1.8V.

Symbol Test Condition Max Units Conditions
Cio Input/Output Capacitance (SDA) 8 pF Viio = 0V
CiN Input Capacitance (Ao, A1, A2, SCL) 6 pF VIN = OV

Note: 1. This parameter is characterized and is not 100% tested.

DC Characteristics

Applicable over recommended operating range from: Taj = -40°C to +85°C, Vcc = +1.8V to +5.5V, Tac = 0°C to +70°C,
Vce = +1.8V to +5.5V (unless otherwise noted).

Symbol  Parameter Test Condition Min Typ Max Units
Vcet Supply Voltage 1.8 5.5 \4
Vcez Supply Voltage 2.5 5.5 Vv
Vcea Supply Voltage 2.7 5.5 \
Vcea Supply Voltage 4.5 5.5 \'
Icc Standby Current Vcc = 5.0V READ at 100 kHz 0.4 1.0 mA
Icc Standby Current Vcc = 5.0V WRITE at 100 kHz 2.0 3.0 mA
IsB1 Standby Current Vcc = 1.8V VIN = Vcc or Vss 0.6 3.0 pA
IsB2 Standby Current Vcc = 2.5V Vin = Vce or Vss 1.4 4.0 A
IsB3 Standby Current Vcc = 2.7V VIN = Vcc or Vss 1.6 4.0 pA
IsB4 Standby Current Vcc = 5.0V VIN = Vcc or Vss 8.0 18.0 pA
] Input Leakage Current VIN = Vcc or Vss 0.10 3.0 pA
ILo Output Leakage Current Vourt =Vcc or Vss 0.05 3.0 pA
ViL Input Low Level 3 -1.0 Vce x 0.3 \'
ViH Input High Level (") Vee x 0.7 Ve +0.5 v
VoL2 Output Low Level Vcc = 3.0V loL=2.1mA 0.4 Y
VoL1 Output Low Level Voe = 1.8V loL=0.15mA 0.2 \'

Note: 1. ViL min and Vi4 max are reference only and are not tested.
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AC Characteristics

Applicable over recommended operating range from Ta = -40°C to +85°C, Vcc = +1.8V to +5.5V, CL = 1 TTL Gate and

100 pF (unless otherwise noted).

Symbol Parameter 2.7-, 2.5-, 1.8-volt 5.0-volt
Min Max Min Max Units

fscL Clock Frequency, SCL 100 400 kHz
tLow Clock Pulse Width Low 47 1.2 us
tHIGH Clock Pulse Width High 4.0 0.6 us
t Noise Suppression Time M 100 50 ns
taA Clock Low to Data Out Valid 0.1 4.5 0.1 0.9 us
-
tHD.STA Start Hold Time 4.0 0.6 us
tsu.sTA Start Set-up Time 4.7 0.6 us
tHD.DAT Data In Hold Time 0 0 us
tSU.DAT Data In Set-up Time 200 100 ns
tR Inputs Rise Time M 1.0 0.3 us
tF Inputs Fall Time M 300 300 ns
tsu.sTO Stop Set-up Time 4.7 0.6 us
tDH Data Out Hold Time 100 50 ns
twr Write Cycle Time 10 10 ms

Device Operation

CLOCK and DATA TRANSITIONS: The SDA pin is nor-
mally pulled high with an external device. Data on the SDA
pin may change only during SCL low time periods (refer to
Data Validity timing diagram). Data changes during SCL
high periods will indicate a start or stop condition as de-
fined below.

START CONDITION: A high-to-low transition of SDA with
SCL high is a start condition which must precede any
other command (refer to Start and Stop Definition timing
diagram).

STOP CONDITION: A low-to-high transition of SDA with
SCL high is a stop condition. After a read sequence, the
stop command will place the E2PROM in a standby power
mode (refer to Start and Stop Definition timing diagram).

ACKNOWLEDGE: All addresses and data words are se-
rially transmitted to and from the E2PROM in 8 bit words.
The E2PROM sends a zero to acknowledge that it has re-
ceived each word. This happens during the ninth clock cy-
cle.

STANDBY MODE: The AT24C164 features a low power
standby mode which is enabled: a) upon power-up and b)
after the receipt of the STOP bit and the completion of any
internal operations.
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Bus Timing SCL: Serial Clock SDA: Serial Data I/O

thian
— et < »
t M >
sl Low Low
thp.sTa thp.par [« >
SDA IN l<
tan [

sowour 1IN

Write Cycle Timing SCL: Serial Clock SDA: Serial Data /0

/NS N\ AV

SDA >< 8th BIT ACK/\/ L/ \

WORD n
- tWR —
STOP START
CONDITION CONDITION

Note: 1. The write cycle time twr is the time from a valid stop condition of a write sequence to the end of the internal clear/write cycle.
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Data Validity

SDA /

SCL

DATA STABLE DATA STABLE

DATA
CHANGE

Start and Stop Definition

= N/ N/

START STOP

Output Acknowledge

SCL

WAVaRWaVO
o N/

DATA OUT

START ACKNOWLEDGE
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Device Addressing

The AT24C164 requires an 8 bit device address word fol-
lowing a start condition to enable the chip for read or write
operations (refer to Figure 1). The most significant bit must
be a one followed by the A2, A1 and AO device select bits
(the A1 bit must be the compliment of the A1 input pin sig-
nal). The next 3 bits are used for memory block address-
ing and select one of the eight 256 x 8 memory blocks.
These bits should be considered the three most significant
bits of the data word address. The eighth bit of the device
address is the read/write select bit. A read operation is se-
lected if this bit is high or a write operation is selected if this
bit is low.

Upon a compare of the device address, the E2PROM will
output a zero. If a compare is not made, the chip will return
to a standby state.

Write Operations

BYTE WRITE: A write operation requires an 8 bit data
word address following the device address word and ac-
knowledgement. Upon receipt of this address, the
E2PROM will again respond with a zero and then clock in
the first 8 bit data word. Following receipt of the 8 bit data
word, the E2PROM will output a zero and the addressing
device, such as a microcontroller, must terminate the write
sequence with a stop condition. At this time the E2PROM
enters an internally-timed write cycle to the nonvolatile
memory. All inputs are disabled during this write cycle and
the E2PROM will not respond until the write is complete
(refer to Figure 2).

PAGE WRITE: The AT24C164 is capable of a 16-byte
page write. A page write is initiated the same as a byte
write, but the microcontroller does not send a stop condi-
tion after the first data word is clocked in. Instead, after the
E2PROM acknowledges receipt of the first data word, the
microcontroller can transmit up to fifteen more data words.
The E2PROM will respond with a zero after each data
word received. The microcontroller must terminate the
page write sequence with a stop condition (refer to Figure
3).

The data word address lower 4 bits are internally incre-
mented following the receipt of each data word. The
higher data word address bits are not incremented retain-
ing the memory page row location. If more than sixteen
data words are transmitted to the E2PROM, the data word
address will “roll over” and previous data will be overwrit-
ten.

ACKNOWLEDGE POLLING: Once the internally-timed
write cycle has started and the E2PROM inputs are dis-
abled, acknowledge polling can be initiated. This involves
sending a start condition followed by the device address

word. The read/write bit is representative of the operation
desired. Only if the internal write cycle has completed will
the E2PROM respond with a zero allowing the read or
write sequence to continue.

Read Operations

Read operations are initiated the same way as write op-
erations with the exception that the read/write select bit in
the device address word is set to one. There are three
read operations: current address read, random address
read and sequential read.

CURRENT ADDRESS READ: The internal data word ad-
dress counter maintains the last address accessed during
the last read or write operation, incremented by one. This
address stays valid between operations as long as the
chip power is maintained. The address “roll over” during
read is from the last byte of the last memory page to the
first byte of the first page. The address “roll over’ during
write is from the last byte of the current page to first byte
of the same page.

Once the device address with the read/write select bit set
to one is clocked in and acknowledged by the E2PROM,
the current address data word is serially clocked out. The
microcontroller does not respond with an input zero but
does generate a following stop condition (refer to Figure
4).

RANDOM READ: A random read requires a “dummy”
byte write sequence to load in the data word address.
Once the device address word and data word address are
clocked in and acknowledged by the E2PROM, the micro-
controller must generate another start condition. The mi-
crocontroller now initiates a current address read by send-
ing a device address with the read/write select bit high.
The E2PROM acknowledges the device address and seri-
ally clocks out the data word. The microcontroller does not
respond with a zero but does generate a following stop
condition (refer to Figure 5).

SEQUENTIAL READ: Sequential reads are initiated by
either a current address read or a random address read.
After the microcontroller receives a data word, it responds
with an acknowledge. As long as the E2PROM receives an
acknowledge, it will continue to increment the data word
address and serially clock out sequential data words.
When the memory address limit is reached, the data word
address will “roll over” and the sequential read will con-
tinue. The sequential read operation is terminated when
the microcontroller does not respond with a zero but does
generate a following stop condition (refer to Figure 6).
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Figure 1. Device Address

16K | 1A | A/| A |B2|B1|B0[RW|
MSB LSB
Figure 2. Byte Write
S w
T R s
A 1 T
R DEVICE T 0
T  ADDRESS E  WORD ADDRESS DATA P
T T 771 T T T T 17 17T T T T T T T
soaune | | | 1] | i
I T T N I R N SO D B | ) S Y |
M LRA A A
S s/c c c
B BWK K K
Figure 3. Page Write
5 w
T R 3
A 1 T
R DEVICE T 0o
T ADDRESS E WORD ADDRESS (n) DATA (n) DATA (n + 1) \DATA (n+x) P
T 17 T7T T T 17T 17 7177 T 1T 1T T 17 T T T T 1T
soaune | | | 1] | | |
F B R B | | R U T S Lot b1l RN O O R O T
M LR A A A RN A
[ s/ cC c c [ c
B BW K K K K K
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Figure 4. Current Address Read

s
T R S
A E T
R DEVICE A o]
T ADDRESS D P
T T 1T T T 17 7 177
SDA LINE U L U
M LR A DATA N
S s/ C o}
B BW K
A
[¢
K
Figure 5. Random Read
: ¥ :
A , A DEVICE B $
R DEVICE T WORD R ADDRESS A 0
T ADDRESS E ADDRESS n T D P
T 1T 17T T 1T 1T 1T 177 T 1T 177 T T T T
sonume | | | [ 1] L
N T N | S IR S Y T
M LR A A A DATA n N
S s/ c c c 0
| B BW K |K K
A
| ]
DUMMY WRITE K
Figure 6. Sequential Read
R S
E A A A T
DEVICE A o} C c [9)
ADDRESS D K K K P
- T T r T T T 1T 1T 1771 T T T
SDA LINE i [ } }
- - L L I T O S N T SO T N S Y I O | | T S I S
17 é DATA n DATA n + 1 DATA n + 2 DATA n + X
WK

N
o}
A
C
K
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Ordering Information

twr (max) | lcc (max) | Iss (max) fmax .
Ordering Code Package Operation Range
(ms) (HA) (nA) (kHz)
10 3000 18 400 AT24C164-10PC 8P3 Commercial
AT24C164-10SC 851 (0°C to 70°C)
3000 18 400 AT24C164-10PI 8P3 Industrial
AT24C164-10SI 8S1 (-40°C to 85°C)
10 1500 4 100 AT24C164-10PC-2.7 8P3 Commercial
AT24C164-10SC-2.7 8S1 (0°C to 70°C)
1500 4 100 AT24C164-10PI-2.7 8P3 Industrial
AT24C164-10SI1-2.7 8S1 (-40°C to 85°C)
10 1000 4 100 AT24C164-10PC-2.5 8P3 Commercial
AT24C164-10SC-2.5 851 (0°C to 70°C)
1000 4 100 AT24C164-10P1-2.5 8P3 Industrial
AT24C164-10SI-2.5 8S1 (-40°C to 85°C)
10 800 4 100 AT24C164-10PC-1.8 8P3 Commercial
AT24C164-10SC-1.8 8S1 (0°C to 70°C)
800 4 100 AT24C164-10PI-1.8 8P3 Industrial
AT24C164-10SI-1.8 851 (-40°C to 85°C)
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8S1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
Options

Blank Standard Operation (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
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Features

® Low Voltage and Standard Voltage Operation

5.0 (Vecc = 4.5V to 5.5V)

2.7 (Vcc = 2.7V to 5.5V)

2.5 (Vcc = 2.5V to 5.5V)

1.8 (Vcc = 1.8V to 5.5V)
Low Power Devices (Isg =2 pA @ 5.5V) Available
Internally Organized 4096 x 8, 8192 x 8
2-Wire Serial Interface
Bidirectional Data Transfer Protocol
100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility
Write Protect Pin for Hardware Data Protection
32-Byte Page Write Mode (Partial Page Writes Allowed)
Self-Timed Write Cycle (10 ms max)
High Reliability

Endurance: 1 Million Cycles

Data Retention: 100 Years
Automotive Grade and Extended Temperature Devices Available
8-Pin JEDEC PDIP, 8-Pin and 14-Pin JEDEC SOIC and
8-Pin EIAJ Packages

Description

The AT24C32/64 provides 32,768/65,536 bits of serial electrically erasable and pro-
grammable read only memory (EEPROM) organized as 4096/8192 words of 8 bits
each. The device's cascadable feature allows up to 8 devices to share a common
2-wire bus. The device is optimized for use in many industrial and commercial appli-
cations where low power and low voltage operation are essential. The AT24C32/64 is
available in space saving 8-pin JEDEC PDIP, 8-pin and 14-pin JEDEC SOIC and
8-pin EIAJ packages and is accessed via a 2-wire serial interface. In addition, the
entire family is available in 5.0V (4.5V to 5.5V), 2.7V (2.7V to 5.5V), 2.5V (2.5V to
5.5V) and 1.8V (1.8V to 5.5V) versions.

Pin Configurations

8-Pin PDIP
Pin Name | Function \/
Ao to Az Address Inputs A [ 1 8 | ] vee
SDA Serial Data
A1 WP
SCL Serial Clock Input E 2 7 j
wp Write Protect a2 [] s 6 | ] scL
GNo [ | 4 5 | | sbA
14-Pin SOIC
NC [ 1 14 [ Ine
8-Pin SOIC
A [ ] 2 13 [ ] vee
a3 12 [ Jwp A0 [~ vee
NC [ ] 4 11 [ Jne A1 ~Jwe
a2 ]s 10 [ ] scL A2 NE
GND [ 6 9 [ ]spa GND F] SDA
NC[ |7 8 |_]NC

AT24C32/64

2-Wire

Serial CMOS
EPROM

32K (4096 x 8)

64K (8192 x 8)

0336D
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Absolute Maximum Ratings*

Operating Temperature..........c........ -55°C to +125°C
Storage Temperature.........c.ceeeeenee -65°C to +150°C
Voltage on Any Pin

with Respect to Ground ........cccceeeee. -0.1V to +7.0V
Maximum Operating Voltage .........ccccoccevinenen 6.25V
DC Output Current......cceevvereeneeneiieerieenees 5.0 mA

Block Diagram

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

wp
VCC
GND ——
scL » START
STOP
SDA > LOGIC N
SERIAL [y
CONTROL H.V. PUMP/TIMING
LOGIC
LOAD
DEVICE ‘__CO_MP_T DATA RECOVERY
ADDRESS
COMPARATOR LOAD |[INC
A, J J L o
Ay R/W DATA WORD m E2PROM
Ag ADDR/COUNTER ° 0
A
Y DEC | »  SERIAL MUX
Diy »  Doyur/ACK
LOGIC

F | Doyr
I

Pin Description

SERIAL CLOCK (SCL): The SCL input is used to positive
edge clock data into each E2PROM device and negative
edge clock data out of each device.

SERIAL DATA (SDA): The SDA pin is bidirectional for se-
rial data transfer. This pin is open-drain driven and may be
wire-ORed with any number of other open-drain or open
collector devices.

DEVICE/PAGE ADDRESSES (A2, A1, A0): The A2, A1
and A0 pins are device address inputs that are hard wired
or left not connected for hardware compatibility with
AT24C16. When the pins are hardwired, as many as eight
32K/64K devices may be addressed on a single bus sys-
tem (device addressing is discussed in detail under the
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Device Addressing section). When the pins are not hard-
wired, the default A2, A1, and Ag are zero.

WRITE PROTECT (WP): The write protect input, when
tied to GND, allows normal write operations. When WP is
tied high to Vcc, all write operations to the upper quan-
drant (8/16K bits) of memory are inhibited. If left uncon-
nected, WP is internally pulled down to GND.

Memory Organization

AT24C32/64, 32K/64K SERIAL E2PROM: The 32K/64K
is internally organized as 256 pages of 32-bytes each.
Random word addressing requires a 12/13 bit data word
address.
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Pin Capacitance "
Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +1.8V.

Symbol Test Condition Max Units Conditions
Cio Input/Output Capacitance (SDA) 8 pF Viio = 0V
CiN Input Capacitance (Ao, A1, A2, SCL) 6 pF ViN=0V

Note: 1. This parameter is characterized and is not 100% tested.

DC Characteristics

Applicable over recommended operating range from: Tal = -40°C to +85°C, Vcc = +1.8V to +5.5V, Tac = 0°C to +70°C,
Vce = +1.8V to +5.5V (unless otherwise noted).

Symbol Parameter Test Condition Min Typ Max Units
Vcet Supply Voltage 1.8 5.5 \%
Veez Supply Voltage 2.5 55 \
Vces Supply Voltage 2.7 5.5 \
Vcca Supply Voltage 4.5 5.5 \
lcct Supply Current Vcc = 5.0V READ at 100 kHz 0.4 1.0 mA
lccz Supply Current Vcc = 5.0V WRITE at 100 kHz 2.0 3.0 mA
=1.8V A
IsB1 Standb}bc_g\r;igt,ﬁon) xzz 55V VIN = Vcc or Vss (2); HA
Vcec =2.5V 0.5 A
IsB2 Standb;zzc?;\r/rir;tﬁon) sz 55V VIN = Vcc or Vss 20 "
=27 R
IsB3 Standb;{zc;\;rir‘;tﬁon) \\;ZE _ 25x ViN = Vcc or Vss (2)(5) hA
Standby Current
lspg (5V option) Vcec=4.5-55V  Vin=VccorVss 20 35 HA
] Input Leakage Current ViN = VccorVss 0.10 3.0 uA
ILo Output Leakage Current Vout = Vcc or Vss 0.05 3.0 LA
ViL Input Low Level @ -1.0 Vecx0.3  V
Vin Input High Level ) Vce x 0.7 Vec+05 V
VoLz2 Output Low Level Vcc = 3.0V loL=2.1 mA 0.4 \
VoL1 Output Low Level Vcc = 1.8V loL=0.15mA 0.2 \

Notes: 1. Vcc lockout = 3.8V.
2. ViL min and Vi max are reference only and are not tested.
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AC Characteristics

Applicable over recommended operating range from Ta = -40°C to +85°C, Vcc = +1.8V to +5.5V, CL = 1 TTL Gate and

100 pF (unless otherwise noted).

Symbol Parameter 1.8-volt 2.7-, 2.5-volt 5.0-volt
Min Max Min Max Min Max Units
fscL Clock Frequency, SCL 100. 100 400 kHz
tLow Clock Pulse Width Low 47 4.7 1.2 us
tHIGH Clock Pulse Width High 4.0 4.0 0.6 us
fi Noise Suppression Time M 100 100 50 ns
tAA Clock Low to Data Out 0.1 45 0.1 45 0.1 0.9 us
Time the bus must be free
tBUF before a rz%w transmission 4.7 4.7 1.2 us
can start
tHD.STA Start Hold Time 4.0 4.0 0.6 us
tsu.sTA Start Set-up Time 4.7 4.7 0.6 us
tHD.DAT Data In Hold Time 0 0 0 us
tsU.DAT Data In Set-up Time 200 200 100 ns
tR Inputs Rise Time () 1.0 1.0 0.3 us
tF Inputs Fall Time (") 300 300 300 ns
tsu.sTO Stop Set-up Time 47 4.7 0.6 us
tDH Data Out Hold Time 100 100 50 ns
twr Write Cycle Time 20 10 10 ms
Note: 1. This parameter is characterized and is not 100% tested.

Device Operation

CLOCK and DATA TRANSITIONS: The SDA pin is nor-
mally pulled high with an external device. Data on the SDA
pin may change only during SCL low time periods (refer to
Data Validity timing diagram). Data changes during SCL
high periods will indicate a start or stop condition as de-
fined below.

START CONDITION: A high-to-low transition of SDA with
SCL high is a start condition which must precede any
other command (refer to Start and Stop Definition timing
diagram).

STOP CONDITION: A low-to-high transition of SDA with
SCL high is a stop condition. After a read sequence, the
stop command will place the E2PROM in a standby power
mode (refer to Start and Stop Definition timing diagram).

2-52

ACKNOWLEDGE: All addresses and data words are se-
rially transmitted to and from the E2PROM in 8 bit words.
The E2PROM sends a zero during the ninth clock cycle to
acknowledge that it has received each word.

STANDBY MODE: The AT24C32/64 features a low
power standby mode which is enabled: a) upon power-up
and b) after the receipt of the STOP bit and the completion
of any internal operations.
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Bus Timing SCL: Serial Clock SDA: Serial Data I/O

tHIGH

—> et < > tr
ow 1 > \
scL Low Low \
N —_
tsu.sta tho.sTa thp.DaT [« > tsy par tsu.sto
SDA IN \
taa tou taur

oo

Write Cycle Timing SCL: Serial Clock SDA: Serial Data I/0

I CAv-TAV Ve WA

 WORD n

STOP START
CONDITION CONDITION

Note: 1. The write cycle time twr is the time from a valid stop condition of a write sequence to the end of the internal clear/write cycle.
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Data Validity
SDA
SsCL /
DATA STABLE | DATA STABLE

Start and Stop Definition

SCL

START

Output Acknowledge

|

SCL \_/

Yava
DATA IN _\‘,DC:

DATA
CHANGE

STOP

RVAVS
X

DATA OUT

START

\—

ACKNOWLEDGE
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Device Addressing

The 32K/64K E2PROM requires an 8 bit device address
word following a start condition to enable the chip for a
read or write operation (refer to Figure 1). The device ad-
dress word consists of a mandatory one, zero sequence
for the first four most significant bits as shown. This is
common to all 2-wire E2PROM devices.

The 32K/64K uses the three device address bits Az, A1, Ao
to allow as many as eight devices on the same bus. These
bits must compare to their corresponding hardwired input
pins. The A2, A1, and Ao pins use an internal proprietary
circuit that biases them to a logic low condition if the pins
are allowed to float.

The eighth bit of the device address is the read/write op-
eration select bit. A read operation is initiated if this bit is
high and a write operation is initiated if this bit is low.

Upon a compare of the device address, the EZPROM will
output a zero. If a compare is not made, the device will
return to standby state.

NOISE PROTECTION: Special internal circuitry placed
on the SDA and SCL pins prevent small noise spikes from
activating the device. A low-Vcc detector (5-volt option)
resets the device to prevent data corruption in a noisy en-
vironment.

DATA SECURITY: The AT24C32/64 has a hardware data
protection scheme that allows the user to write protect the
upper quadrant (8/16K bits) of memory when the WP pin
is at Vce.

Write Operations

BYTE WRITE: A write operation requires two 8 bit data
word addresses following the device address word and
acknowledgement. Upon receipt of this address, the
E2PROM will again respond with a zero and then clock in
the first 8 bit data word. Following receipt of the 8 bit data
word, the E2PROM will output a zero and the addressing
device, such as a microcontroller, must terminate the write
sequence with a stop condition. At this time the E2PROM
enters an internally-timed write cycle to the nonvolatile
memory. All inputs are disabled during this write cycle and
the E2PROM will not respond until the write is complete
(refer to Figure 2).

PAGE WRITE: The 32K/64K E2PROM is capable of 32-
byte page writes.

A page write is initiated the same way as a byte write, but
the microcontroller does not send a stop condition after
the first data word is clocked in. Instead, after the
E2PROM acknowledges receipt of the first data word, the
microcontroller can transmit up to 31 more data words.
The E2PROM will respond with a zero after each data

word received. The microcontroller must terminate the
page write sequence with a stop condition (refer to Figure
3).

The data word address lower 5 bits are internally incre-
mented following the receipt of each data word. The
higher data word address bits are not incremented, retain-
ing the memory page row location. If more than 32 data
words are transmitted to the EZPROM, the data word ad-
dress will “roll over” and previous data will be overwritten.

ACKNOWLEDGE POLLING: Once the internally-timed
write cycle has started and the E2PROM inputs are dis-
abled, acknowledge polling can be initiated. This involves
sending a start condition followed by the device address
word. The read/write bit is representative of the operation
desired. Only if the internal write cycle has completed will
the E2PROM respond with a zero, allowing the read or
write sequence to continue.

Read Operations

Read operations are initiated the same way as write op-
erations with the exception that the read/write select bit in
the device address word is set to one. There are three
read operations: current address read, random address
read and sequential read.

CURRENT ADDRESS READ: The internal data word ad-
dress counter maintains the last address accessed during
the last read or write operation, incremented by one. This
address stays valid between operations as long as the
chip power is maintained. The address “roll over” during
read is from the last byte of the last memory page, to the
first byte of the first page. The address “roll over” during
write is from the last byte of the current page to the first
byte of the same page.

Once the device address with the read/write select bit set
to one is clocked in and acknowledged by the E2PROM,
the current address data word is serially clocked out. The
microcontroller does not respond with an input zero but
does generate a following stop condition (refer to Figure
4).
RANDOM READ: A random read requires a “dummy”
byte write sequence to load in the data word address.
Once the device address word and data word address are
clocked in and acknowledged by the E2PROM, the micro-
controller must generate another start condition. The mi-
crocontroller now initiates a current address read by send-
ing a device address with the read/write select bit high.
The E2PROM acknowledges the device address and seri-
ally clocks out the data word. The microcontroller does not
respond with a zero but does generate a following stop
condition (refer to Figure 5).

(continued)
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Read Operations (Continued)

SEQUENTIAL READ: Sequential reads are initiated by
either a current address read or a random address read.
After the microcontroller receives a data word, it responds
with an acknowledge. As long as the E2PROM receives an
acknowledge, it will continue to increment the data word
address and serially clock out sequential data words.

Figure 1. Device Address

When the memory address limit is reached, the data word
address will “roll over” and the sequential read will con-
tinue. The sequential read operation is terminated when
the microcontroller does not respond with a zero but does
generate a following stop condition (refer to Figure 6).

1o t]ofa]aalRmw

MSB LSB
Figure 2. Byte Write
s w
T R s
A 1 T
R  DEVICE T FIRST SECOND o)
T ADDRESS E  WORD ADDRESS  WORD ADDRESS DATA P
T T T 1T T 1T 1T 17T T T 1T 17T 1777 T 1T T 1T T T 71
IR R | | ]
1 1 ) Y O S | { N T N SO B | | T T I |
M LR A M A LA A
[ s/ cC S c scC c
B BW K B K B K K
Figure 3. Page Write
5 w
T R S
A | T
R  DEVICE T FIRST SECOND 0o
T ADDRESS E WORD ADDRESS (n) WORD ADDRESS (n) DATA (n) P

SDA LINE L

ong
wnr
g~z
O>

K

(+ = DON'T CARE bits)
(+ = DON'T CARE bits for the 32K)

*xox
T B B N L1 TS T S N N
A A
Cc Cc
K

passesall
N A

O>

2.56 AT24C32/64 me————————————



AT24C32/64

Figure 4. Current Address Read

S
T R S
A E T
R DEVICE A 0
T ADDRESS D P
SDA LINE H
11 N DN S N S B |
M LRA DATA N
S s/ C e}
B BW K
A
[¢]
K
Figure 5. Random Read
?— Vp‘{ 1st, 2nd WORD ? s
] R
A | ADDRESS n A DEVICE E T
R  DEVICE T R ADDRESS A o)
T ADDRESS E T D P
L T T T T
sonune | || [0 T[] 1 i
1 Il L1 \\I I L1 | T I T B T |
M LR A A A DATA n N
S s/ c o] 0
| B BW K ‘K K
A
| ]
DUMMY WRITE K
(= DON'T CARE bits)
Figure 6. Sequential Read
R S
E A A A T
DEVICE A c c c 0o
ADDRESS D K K P
N I T 1T 17 17 7177 1T T T 17T 1777 T T T 717 17T T T T 17 17T
L i N | U
R N I N T S | I T I S O | Lo | N B A |
F/x é DATA n DATA n + 1 DATA n + 2 DATAN + 3
WK

x0>» 0z
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Ordering Information

twr (max) | lcc (max) | Isg (max) fmax .
Ordering Code Package Operation Range
(ms) (LA) (HA) (kHz)
10 3000 35 400 AT24C32-10PC 8P3 Commercial
AT24C32N-10SC 851 (0°C to 70°C)
AT24C32W-10SC 882
AT24C32-10SC 148
3000 35 400 AT24C32-10PI 8P3 Industrial
AT24C32N-10SI 851 (-40°C to 85°C)
AT24C32W-10SI 852
AT24C32-10SI 14S
10 1500 0.5 100 AT24C32-10PC-2.7 8P3 Commercial
AT24C32N-10SC-2.7 8S1 (0°C to 70°C)
AT24C32W-10SC-2.7 882
AT24C32-10SC-2.7 14S
1500 0.5 100 AT24C32-10PI-2.7 8P3 Industrial
AT24C32N-10SI-2.7 851 (-40°C to 85°C)
AT24C32W-10S1-2.7 852
AT24C32-10SI-2.7 148
10 1000 0.5 100 AT24C32-10PC-2.5 8P3 Commercial
AT24C32N-10SC-2.5 851 (0°C to 70°C)
AT24C32W-10SC-2.5 8582
AT24C32-10SC-2.5 148
1000 0.5 100 AT24C32-10PI-2.5 8P3 Industrial
AT24C32N-10SI-2.5 851 (-40°C to 85°C)
AT24C32W-10SI-2.5 8582
AT24C32-10SI-2.5 14S
10 800 0.1 100 AT24C32-10PC-1.8 8P3 Commercial
AT24C32N-10SC-1.8 85t (0°C to 70°C)
AT24C32W-10SC-1.8 852
AT24C32-10SC-1.8 148
800 0.1 100 AT24C32-10PI-1.8 8P3 Industrial
AT24C32N-10SI-1.8 8S1 (-40°C to 85°C)
AT24C32W-10SI-1.8 852
AT24C32-10SI1-1.8 148
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Ordering Information

Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8s1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
8S2 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC)
148 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC)
Options
Blank Standard Operation (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)

AlNEL
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Ordering Information

twr (max) lcc (max) IsB (max) fmax .
Ordering Code Package Operation Range
(ms) (LA) (LA) (kHz)
10 3000 35 400 AT24C64-10PC 8P3 Commercial
AT24C64N-10SC 8S1 (0°C to 70°C)
AT24C64W-10SC 852
AT24C64-10SC 148
3000 35 400 AT24C64-10PI 8P3 Industrial
AT24C64N-10SI 851 (-40°C to 85°C)
AT24C64W-10SI 882
AT24C64-108I 14S
10 1500 0.5 100 AT24C64-10PC-2.7 8P3 Commercial
AT24C64N-10SC-2.7 8S1 (0°C to 70°C)
AT24C64W-10SC-2.7 8S2
AT24C64-10SC-2.7 14S
1500 0.5 100 AT24C64-10P1-2.7 8P3 Industrial
AT24C64N-10SI-2.7 851 (-40°C to 85°C)
AT24C64W-10SI1-2.7 8S2
AT24C64-10SI-2.7 14S
10 1000 0.5 100 AT24C64-10PC-2.5 8P3 Commercial
AT24C64N-10SC-2.5 851 (0°C to 70°C)
AT24C64W-10SC-2.5 852
AT24C64-10SC-2.5 14S
1000 0.5 100 AT24C64-10PI1-2.5 8P3 Industrial
AT24C64N-10SI-2.5 851 (-40°C to 85°C)
AT24C64W-10SI1-2.5 8S2
AT24C64-10SI-2.5 148
10 800 0.1 100 AT24C64-10PC-1.8 8P3 Commercial
AT24C64N-10SC-1.8 851 (0°C to 70°C)
AT24C64W-10SC-1.8 852
AT24C64-10SC-1.8 14S
800 0.1 100 AT24C64-10PI-1.8 8P3 Industrial
AT24C64N-10S1-1.8 851 (-40°C to 85°C)
AT24C64W-10SI-1.8 8S2
AT24C64-10SI-1.8 148
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Ordering Information

Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8S1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
8S2 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC)
14S 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC)
Options
Blank Standard Operation (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
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Features

® Low Voltage and Standard Voltage Operation
5.0 (Vcc = 4.5V to 5.5V)
2.7 (Vcc = 2.7V to 5.5V)
2.5 (Vcc = 2.5V to 5.5V)
1.8 (Vcc = 1.8V to 5.5V)
@ User Selectable Internal Organization
1K: 128 x 8 or 64 x 16
2K: 256 x 8 or 128 x 16
4K: 512 x 8 or 256 x 16
3-Wire Serial Interface
2 MHz Clock Rate (5V) Compatibility
Self-Timed Write Cycle (10 ms max)
High Reliability
Endurance: 1 Million Cycles
Data Retention: 100 Years
Automotive Grade and Extended Temperature Devices Available
8-Pin PDIP, JEDEC SOIC, and EIAJ SOIC Packages

Description

The AT93C46/56/57/66 provides 1024/2048/4096 bits of serial electrically erasable
programmable read only memory (EEPROM) organized as 64/128/256 words of 16
bits each, when the ORG Pin is connected to Vcc and 128/256/512 words of 8 bits
each when it is tied to ground. The device is optimized for use in many industrial and
commercial applications where low power and low voltage operation are essential.
The AT93C46/56/57/66 is available in space saving 8-pin PDIP and 8-pin JEDEC and
EIAJ SOIC packages.

(continued)

Pin Configurations

Pin Name Function 8-Pin PDIP
CS Chip Select
SK Serial Data Clock
DI Serial Data Input
DO Serial Data Output
GND Ground
Vce Power Supply
ORG Internal Organization
DC Don’t Connect
8-Pin SOIC

Rotated (R)
(1K JEDEC Only)

AIMEL

AT93C46/56/57/66

3-Wire

Serial CMOS
E’PROMs

1K (128 x 8 or 64 x 16)
2K (256 x 8 or 128 x 16)

4K (512 x 8 or 256 x 16)

01724
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Description (Continued)

The AT93C46/56/57/66 is enabled through the Chip Se-
lect pin (CS), and accessed via a 3-wire serial interface
consisting of Data Input (DI), Data Output (DO), and Shift
Clock (SK). Upon receiving a READ instruction at DI, the

fore WRITE. The WRITE cycle is only enabled when the
part is in the ERASE/WRITE ENABLE state. When CS is
brought “high” following the initiation of a WRITE cycle, the
DO pin outputs the READY/BUSY status of the part.

address is decoded and the data is clocked out serially on
the data output pin DO. The WRITE cycle is completely
self-timed and no separate ERASE cycle is required be-

The AT93C46/56/57/66 is available in 4.5V to 5.5V, 2.7V
to 5.5V, 2.5V to 5.5V, and 1.8V to 5.5V versions.

Absolute Maximum Ratings*

. *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Operating Temperature................... -55°C to +125°C mum Ratings” may cause permanent damage to the device.
N N This is a stress rating only and functional operation of the
Storage Temperature........cccceeveeenee -65°C to +150°C device at these or any other conditions beyond those indi-
Voltage on Any Pin cated in the operational sections of this specification is not
Ny implied. Exposure to absolute maximum rating conditions
with Respect to Ground ..................... -1.0V to +7.0V for extended periods may affect device reliability.
Maximum Operating Voltage ...........c.cccovnuenene 6.25V
DC Output CUITENt...ccueeereeceeereseereeene s 5.0 mA

Block Diagram
Vece GND

!

MEMORY ARRAY

ADDRESS
DECODER

128/256/512 x 8
OR
64/128/256 x 16

ORG —

DATA
REGISTER

DI — T

» MODE
DECODE
LOGIC

CLOCK
GENERATOR Do

OUTPUT
BUFFER

CS ——>

SK ——b

Note: 1. When the ORG pin is connected to Vcc, the x 16 organization is selected. When it is connected to ground, the x 8 organiza-
tion is selected. If the ORG pin is left unconnected, then an internal pullup device (of approximately 1 MQ) will select the x
16 organization. This feature is not available on 1.8V devices.
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Pin Capacitance "

Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +5.0V (unless otherwise noted).

Test Conditions Max Units Conditions
Cout Output Capacitance (DO) 5 pF Vout =0V
CiN Input Capacitance (CS, SK, DI) 5 pF VIN=0V
Note: 1. This parameter is characterized and is not 100% tested.
DC Characteristics
Applicable over recommended operating range from: Tal = -40°C to +85°C, Vcc = +1.8V to +5.5V,
Tac = 0°C to +70°C, Vcc = +1.8V to +5.5V (unless otherwise noted).
Symbol Parameter Test Condition Min Typ Max Unit
Vces Supply Voltage 1.8 5.5 \
Vcez Supply Voltage 2.5 5.5 \
Vces Supply Voltage 2.7 5.5 \
Vcea Supply Voltage 4.5 5.5 \4
v 05 2.0 mA
lcc Supply Current Vce = 5.0V -
WRITE at 0.5 20 mA
1.0 MHz ) )
IsB1 Standby Current Vce = 1.8V CS =0V 0 0.1 pA
IsB2 Standby Current Vce =2.5V CS =0V 6.0 10.0 A
lsB3 Standby Current Vee =27V CS=0V 6.0 10.0 A
IsBa Standby Current Vce = 5.0V CS =0V 17 30 nA
I Input Leakage Vin =0V to Vce 0.1 1.0 uA
loL Output Leakage VIN =0V to Vce 0.1 1.0 pA
Vit W | Input Low Voltage -0.1 0.8
Vit (D | Input High Voltage 4.5V <Vee <5.5V 2.0 Vee + 1 v
Viiz () | Input Low Voltage 0.0 Vee x 0.3
Viie ™ | Input High Voltage ~ 18Y < Vee =27V Vee x 0.7 Vee + 1 v
VoL1 Output Low Voltage < < loL=2.1mA 0.4 Vv
VoH1 Output High Voltage 4.5V < Voo <55V IoH = -0.4 mA 24 Y;
VoL2 Output Low Voltage loL =0.15 mA 0.2 v
Vo2 Output High Voltage 18V<Vee 2.7V lon=-100pA  Voc-0.2 v
Note: 1. ViL min and V)4 max are reference only and are not tested.
2-65
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AC Characteristics

Applicable over recommended operating range from Ta = -40°C to + 85°C, Vcc = As Specified,
CL =1 TTL Gate and 100 pF (unless otherwise noted).

AIMEL

Symbol Parameter Test Condition Min Typ Max Units
4.5V <Vce £5.5V 0 2
SK Clock 2.7V <Vcc £5.5V 0 1
fex Frequency 2.5V < Voo < 5.5V 0 05 Mhz
1.8V <Vge £5.5V 0 0.25
4.5V <Vcec £5.5V 250
. : 2.7V <Vcc £5.5V 250
tskH SK High Time 2.5V < Voo < 5.5V 500 ns
1.8V <Vge <5.5V 1000
4.5V <Vcec <55V 250
. 2.7V <Vcc £5.5V 250
tskL SK Low Time 2.5V <Vce <5.5V 500 ns
1.8V <Vgc <5.5V 1000
4.5V <Vce £5.5V 250
t Minimum CS Low 2.7V <Vcc <55V 250 ns
cs Time 2.5V <Voe <55V 500
1.8V <Vge <55V 1000
4.5V <Vce £5.5V 50
. . 2.7V <Vcc £5.5V 50
tcss CS Setup Time Relative to SK 2.5V < Voo <5.5V 100 ns
1.8V <Vce £5.5V 200
4.5V <Vce <5.5V 100
. . 2.7V £Vce £5.5V 100
tois DI Setup Time Relative to SK 2.5V < Voo <5.5V 200 ns
1.8V <Vce <5.5V 400
tcsH CS Hold Time Relative to SK 0 ns
4.5V <Vce <£5.5V 100
] . 2.7V <Vcc <5.5V 100
tDIH DI Hold Time Relative to SK 2.5V < Voo <5.5V 200 ns
1.8V <Vge <5.5V 400
4.5V <Vce 5.5V 250
iy 2.7V <Vcc <5.5V 250
tPD1 Output Delay to ‘1 AC Test 2.5V < Voo <5.5V 500 ns
1.8V <Vge £5.5V 1000
4.5V <Vce £5.5V 250
“y 2.7V <Vcc £5.5V 250
tPDO Output Delay to ‘0" AC Test 2.5V < Voo < 5.5V 500 ns
1.8V <Vge <5.5V 1000
4.5V <Vce <55V 250
. 2.7V <Vcc <55V 250
tsv CS to Status Valid  AC Test 2.5V < Voo <5.5V 500 ns
1.8V < Ve £5.5V 1000
4.5V <Vce 5.5V 100
4 CS to DO in High AC Test 2.7V <Vcgc £5.5V 100 ns
DF Impedance CS=ViL 2.5V <Vcee £5.5V 200
1.8V <Vce £5.5V 400
A 0
twp Write Cycle Time 0 ! ms
4.5V <Vce <55V 1 ms
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Instruction Set for the AT93C46

Op Address Data
Instruction SB Code x8 X 16 X8 x 16 Comments
Reads data stored in memory, at
READ 1 10 As - Ao As- Ao specified address.
Write enable must precede all
EWEN 1 00 TIXXXXX  11XXXX programming modes.
ERASE 1 11 Ag - Ao As - Ao Erase memory location An - Ao.
WRITE 1 01 As - Ao As - Ao D7-Do D1s- Do | Writes memory location An - Ao.
Erases all memory locations. Valid
ERAL 1 00 TOXXXXX  10XXXX only at Vcc = 4.5V to 5.5V.
WRAL 1 00 OIXXXXX  01XXXX | D+-D Dis-D Writes all memory locations. Valid
710 1520 only at Vcc = 4.5V to 5.5V.
Disables all programming
EWDS 1 00 00OXXXXX  00XXXX instructions.
Instruction Set for the AT93C57
Op Address Data
Instruction SB Code x 8 x 16 X8 x 16 Comments
Reads data stored in memory, at
READ 1 10 A7- Ao As - Ao specified address.
Write enable must precede all
EWEN 1 00 TIXXXXXX 11 XXXXX programming modes.
ERASE 1 11 A7 - Ao As - Ao Erase memory location An - Ao.
WRITE 1 01 A7- Ao As - Ao D7-Do Di1s- Do | Writes memory location An - Ao.
Erases all memory locations. Valid
ERAL 1 00 TOXXXXXX  10XXXXX only at Ve = 4.5V 10 5.5V.
Writes all memory locations. Valid
WRAL 1 00 O1XXXXXX O01XXXXX | D7-Do D15- Do only at Voc = 4.5V to 5.5V.
Disables all programming
EWDS 1 00 OOXXXXXX  OOXXXXX instructions.

AlmEL
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Instruction Set for the AT93C56 and AT93C66

op Address Data
Instruction SB Code X8 x 16 x 8 x 16 | Comments
) B : Reads data stored in memory, at

READ 1 10 As - Ao A7- Ao specified address.
Write enable must precede all

EWEN 1 00 | TIXXXXXXX  11XXXXXX programming modes.

ERASE 1 11 As - Ao A7-Ao Erases memory location An - Ao.

WRITE 1 01 As - Ao A7- Ao D7-Do Dis- Do | Writes memory location An - Ao.
Erases all memory locations. Valid

ERAL 1 00 | TOXXXXXXX  10XXXXXX only at Vo = 4.5V to 5.5V.
Writes all memory locations. Valid

WRAL 1 00 | OIXXXXXXX ~ 01XXXXXX | D7-Do Di1s-Do | when Vce = 5.0V + 10% and
Disable Register cleared.
Disables all programming

EWDS 1 00 | OOXXXXXXX  OOXXXXXX instructions.
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Functional Description

The AT93C46/56/57/66 is accessed via a simple and ver-
satile 3-wire serial communication interface. Device op-
eration is controlled by seven instructions issued by the
host processor. A valid instruction starts with a rising edge
of CS and consists of a Start Bit (logic ‘1’) followed by the
appropriate Op Code and the desired memory Address
location.

READ (READ): The Read (READ) instruction contains
the Address code for the memory location to be read. After
the instruction and address are decoded, data from the
selected memory location is available at the serial output
pin DO. Output data changes are synchronized with the
rising edges of serial clock SK. It should be noted that a
dummy bit (logic ‘0’) precedes the 8 or 16 bit data output
string.

ERASE/WRITE (EWEN): To assure data integrity, the
part automatically goes into the Erase/Write Disable
(EWDS) state when power is first applied. An Erase/Write
Enable (EWEN) instruction must be executed first before
any programming instructions can be carried out. Please
note that once in the Erase/Write Enable state, program-
ming remains enabled until an Erase/Write Disable
(EWDS) instruction is executed or Vcc power is removed
from the part.

ERASE (ERASE): The Erase (ERASE) instruction pro-
grams all bits in the specified memory location to the logi-
cal ‘1’ state. The self-timed erase cycle starts once the
ERASE instruction and address are decoded. The DO pin
outputs the READY/BUSY status of the part if CS is
brought high after being kept low for a minimum of 250 ns
(tcs). A logic ‘1’ at pin DO indicates that the selected mem-
ory location has been erased, and the part is ready for
another instruction.

Timing Diagrams
Synchronous Data Timing

WRITE (WRITE): The Write (WRITE) instruction con-
tains the 8 or 16 bits of data to be written into the specified
memory location. The self-timed programming cycle starts
after the last bit of data is received at serial data input pin
DI. The DO pin outputs the READY/BUSY status of the
part if CS is brought high after being kept low for a mini-
mum of 250 ns (tcs). A logic ‘0’ at DO indicates that pro-
gramming is still in progress. A logic ‘1’ indicates that the
memory location at the specified address has been written
with the data pattern contained in the instruction and the
part is ready for further instructions. A READY/BUSY
status cannot be obtained if the CS is brought high after
the end of the self-timed programming cycle, twe.

ERASE ALL (ERAL): The Erase All (ERAL) instruction
programs every bit in the memory array to the logic ‘1’
state and is primarily used for testing purposes. The DO
pin outputs the READY/BUSY status of the part if CS is
brought high after being kept low for a minimum of 250 ns
(tcs). The ERAL instruction is valid only at Vcc = 5.0V £
10%.

WRITE ALL (WRAL): The Write All (WRAL) instruction
programs all memory locations with the data patterns
specified in the instruction. The DO pin outputs the
READY/BUSY status of the part if CS is brought high after
being kept low for a minimum of 250 ns (tcs). The WRAL
instruction is valid only at Vcc = 5.0V + 10%.

ERASE/WRITE DISABLE (EWDS): To protect against
accidental data disturb, the Erase/Write Disable (EWDS)
instruction disables all programming modes and should be
executed after all programming operations. The operation
of the READ instruction is independent of both the EWEN
and EWDS instructions and can be executed at any time.

ViH
Cs Vi T

1 s

Ftcss‘n; tSkH ———ple— tKL ——

i“* tcsH

ViH
SK Vi -

- tis —ple—toiH

X X

{0
oy
e trpo

Ve ——

DO (READ) vf:
‘»tsv"

v,
DO (PROGRAM) V?:

STATUS VALID

q tor

Note: 1. This is the minimum SK period.
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Organization Key for Timing Diagrams

AT93C46 (1K) AT93C56 (2K) AT93C57 (2K) AT93C66 (4K)
/o x 8 x 16 x 8 x 16 x8 x 16 x8 x 16
AN Ag As Ag A7 A7 Ae Ag A7
Dn D7 D1s D7 D15 D7 D15 D7 D15

Note:

Timing Diagrams (Continued)
READ Timing }

EWEN Timing

EWDS Timing

2-70

1. Agis a DON'T CARE value, but the extra clock is required.

cs

s /

\/

SnnhhEhpnnnhpnnhs

DO

o X OOOOO)

os |

« _[UUuuiuyiiiuuyt -

DI

y/h

CS ‘/

\tc_s/

« _JUUUUUUULUUUUUUL

AT93C46/56/57/66

(continued)




AT93C46/56/57/66

Timing Diagrams (Continued)

WRITE Timing
e tcs
os /. \/ L
G
SK
HIGH IMPEDANCE ‘
DO Ve / \ BuUsY READY
}4— twp

WRAL Timing (")

cs / ' \tc_s/
Snhnnnhinnhnnhne.

HIGH IMPEDANCE 1 BUSY
DO / v READY
L—‘WP

Note: 1. Valid only at Vcc = 4.5V to 5.5V.

ERASE Timing

s

tcs
7/ 1)
/ CHECK STANDBY
cs STATUS
i’
‘J —P] tH

AN-1 AN-2

tsv

HIGH IMPEDANGE BUSY HIGH IMPEDANGCE

DO

—twp
(continued)
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Timing Diagrams (Continued)

TERAL Timing ("
SN nnnnipnnne
\ I~
Cl S
CS _/ g%l_iru}é TANDBY

o /1\e_o/1\o/ ) )
1/

HIGH IMPEDANCE /
VA

tH
HIGH IMPEDANCE

DO

Note: 1. Valid only at Vcc = 4.5V to 5.5V.

272 AT93C46/56/57/66 mansssee————————s



s A T93C46/56/57/66

Ordering Information

twp (max) lcc (max) Isg (max) fmAax .
Ordering Code Package Operation Range
(ms) (HA) (LA) (kHz)

10 2000 30.0 2000 AT93C46-10PC 8P3 Commercial
AT93C46-10SC 851 (0°C to 70°C)
AT93C46R-10SC 851
AT93C46W-10SC 832

10 800 10.0 1000 AT93C46-10PC-2.7 8P3 Commercial
AT93C46-10SC-2.7 851 (0°C to 70°C)
AT93C46R-10SC-2.7 851
AT93C46W-10SC-2.7 852

10 600 10.0 500 AT93C46-10PC-2.5 8P3 Commercial
AT93C46-10SC-2.5 851 (0°C to 70°C)
AT93C46R-10SC-2.5 851
AT93C46W-10SC-2.5 852

10 80 0.1 250 AT93C46-10PC-1.8 8P3 Commercial
AT93C46-10SC-1.8 851 (0°C to 70°C)
AT93C46R-10SC-1.8 8S1
AT93C46W-10SC-1.8 852

10 2000 30.0 2000 AT93C46-10PI 8P3 Industrial
AT93C46-10SI 851 (-40°C to 85°C)
AT93C46R-10SI 8S1
AT93C46W-10SI 8S2

10 800 10.0 1000 AT93C46-10PI-2.7 8P3 Industrial
AT93C46-10SI-2.7 851 (-40°C to 85°C)
AT93C46R-10SI-2.7 851
AT93C46W-10SI-2.7 8S2

10 600 10.0 500 AT93C46-10PI-2.5 8P3 Industrial
AT93C46-10SI-2.5 8S1 (-40°C to 85°C)
AT93C46R-10SI-2.5 851
AT93C46W-10SI1-2.5 852

10 80 0.1 250 AT93C46-10PI-1.8 8P3 Industrial
AT93C46-10SI-1.8 851 (-40°C to 85°C)
AT93C46R-10SI-1.8 851
AT93C46W-10SI-1.8 8S2

AIMEL

2-73



AIMEL

Ordering Information

Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8S1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
8S2 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
R Rotated Pinout

272 AT93C46/56/57/66 mme——



s A T93C46/56/57/66

Ordering Information

twp (max) | lcc (max) Ise (max) | fmax i X
Ordering Code Package Operation Range
(ms) (uA) (nA) (kHz)
10 2000 30.0 2000 AT93C56-10PC 8P3 Commercial
AT93C56-10SC 851 (0°C to 70°C)
AT93C56W-10SC 8S2
10 800 10.0 1000 AT93C56-10PC-2.7 8P3 Commercial
AT93C56-10SC-2.7 851 (0°C to 70°C)
AT93C56W-10SC-2.7 8S2
10 600 10.0 500 AT93C56-10PC-2.5 8P3 Commercial
AT93C56-10SC-2.5 851 (0°C to 70°C)
AT93C56W-10SC-2.5 8582
10 80 0.1 250 AT93C56-10PC-1.8 8P3 Commercial
AT93C56-10SC-1.8 8S1 (0°C to 70°C)
AT93C56W-10SC-1.8 8S2
10 2000 30.0 2000 AT93C56-10PI 8P3 Industrial
AT93C56-10SI 851 (-40°C to 85°C)
AT93C56W-10SI 852
10 800 10.0 1000 AT93C56-10P1-2.7 8P3 Industrial
AT93C56-10SI1-2.7 851 (-40°C to 85°C)
AT93C56W-10S1-2.7 852
10 600 10.0 500 AT93C56-10PI1-2.5 8P3 Industrial
AT93C56-10SI-2.5 851 (-40°C to 85°C)
AT93C56W-10S1-2.5 8S2
10 80 0.1 250 AT93C56-10PI-1.8 8P3 Industrial
AT93C56-10SI1-1.8 851 (-40°C to 85°C)
AT93C56W-10SI-1.8 882
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
881 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
8S2 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)

AIMEL
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Ordering Information

twp (max) | lcc (max) | Iss (max) fmax i .
. ) Ordering Code Package | Operation Range
(ms) (nA) (nA) (kHz) v
10 . 2000 30.0 2000 AT93C57-10PC 8P3 Commercial
AT93C57-10SC 851 (0°C to 70°C)
AT93C57W-10SC 882
10 800 10.0 1000 AT93C57-10PC-2.7 8P3 Commercial
i AT93C57-10SC-2.7 851 (0°C to 70°C)
AT93C57W-10SC-2.7 882
10 600 10.0 500 AT93C57-10PC-2.5 8P3 Commercial
AT93C57-10SC-2.5 851 (0°C to 70°C)
AT93C57W-10SC-2.5 852
10 80 0.1 250 AT93C57-10PC-1.8 8P3 Commercial
AT93C57-10SC-1.8 851 (0°C to 70°C)
AT93C57W-10SC-1.8 882
10 2000 30.0 2000 AT93C57-10PI 8P3 Industrial
: AT93C57-10SlI 851 (-40°C to 85°C)
AT93C57W-10SlI 882
10 800 10.0 1000 AT93C57-10PI-2.7 8P3 Industrial
AT93C57-10SI1-2.7 851 (-40°C to 85°C)
AT93C57W-10Si1-2.7 882
10 600 10.0 500 AT93C57-10PI-2.5 8P3 Industrial
AT93C57-10SI-2.5 851 (-40°C to 85°C)
AT93C57W-10SI-2.5 852
10 80 0.1 250 AT93C57-10PI-1.8 8P3 Industrial
AT93C57-10SI-1.8 851 (-40°C to 85°C)
AT93C57W-10SI1-1.8 852
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8s1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
8S2 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 . Low. Voltage (1.8V to 5.5V)

276 AT93CA6/56/57/66 mummmmme——————



s A T93C46/56/57/66

Ordering Information

twp (max) Icc (max) Isg (max) fmax .
Ordering Code Package Operation Range
(ms) (nA) (uA) (kHz)
10 2000 30.0 2000 AT93C66-10PC 8P3 Commercial
AT93C66-10SC 831 (0°C to 70°C)
AT93C66W-10SC 882
10 800 10.0 1000 AT93C66-10PC-2.7 | 8P3 Commercial
AT93C66-10SC-2.7 851 (0°C to 70°C)
AT93C66W-10SC-2.7 852
10 600 10.0 500 AT93C66-10PC-2.5 8P3 Commercial
AT93C66-10SC-2.5 851 (0°C to 70°C)
AT93C66W-10SC-2.5 882
10 80 0.1 250 AT93C66-10PC-1.8 8P3 Commercial
AT93C66-10SC-1.8 8S1 (0°C to 70°C)
AT93C66W-10SC-1.8 852
10 2000 30.0 2000 AT93C66-10PI 8P3 Industrial
AT93C66-10SI 8S1 (-40°C to 85°C)
AT93C66W-10SI 882
10 800 10.0 1000 AT93C66-10PI-2.7 8P3 Industrial
AT93C66-10SI1-2.7 851 (-40°C to 85°C)
AT93C66W-10SI-2.7 8582
10 600 10.0 500 AT93C66-10PI-2.5 8P3 Industrial
AT93C66-10SI-2.5 851 (-40°C to 85°C)
AT93C66W-10SI-2.5 882
10 80 0.1 250 AT93C66-10PI-1.8 8P3 Industrial
AT93C66-10S1-1.8 8S1 (-40°C to 85°C)
AT93C66W-10SI-1.8 852
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8S1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
8S2 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)

AlmEL
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Features

® Low Voltage and Standard Voltage Operation
5.0 (Vcc = 4.5V to 5.5V)
2.7 (Vcec = 2.7V to 5.5V)
2.5 (Vce = 2.5V to 5.5V)
3-Wire Serial Interface
2 MHz Clock Rate (5V) Compatibility
Self-Timed Write Cycle (10 ms max)
High Reliability
Endurance: 1 Million Cycles
Data Retention: 100 Years
Automotive Grade and Extended Temperature Devices Available
8-Pin PDIP and JEDEC SOIC Packages

Description

The AT93C46A provides 1024 bits of serial electrically erasable programmable read
only memory (EEPROM ) organized as 64 words of 16 bits each. The device is opti-
mized for use in many industrial and commercial applications where low power and
low voltage operation are essential. The AT93C46A is available in space saving 8-pin
PDIP and 8-pin JEDEC packages.

The AT93C46A is enabled through the Chip Select pin (CS), and accessed via a
3-wire serial interface consisting of Data Input (DI), Data Output (DO), and Shift Clock
(SK). Upon receiving a READ instruction at DI, the address is decoded and the data
is clocked out serially on the data output pin DO. The WRITE cycle is completely
self-timed and no separate ERASE cycle is required before WRITE. The WRITE cycle
is only enabled when the part is in the ERASE/WRITE ENABLE state. When CS is
brought “high” following the initiation of a WRITE cycle, the DO pin outputs the
READY/BUSY status of the part.

The AT93C46A is available in 4.5V to 5.5V, 2.7V to 5.5V, and 2.5V to 5.5V versions.

Pin Configurations

Pin Name Function 8-Pin PDIP
CS Chip Select

SK Serial Data Clock

DI Serial Data Input

DO Serial Data Output

GND Ground

Vce Power Supply

NC No Connect

DC Don't Connect

AT93C46A

3-Wire
Serial CMOS
E’PROMSs

1K (64 x 16)

0539A

2-79



AIMEL

Absolute Maximum Ratings*

) *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Operating Temperature................... -565°C to +125°C mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
o o g only P
Storage Temperature.........c.ccceveee.. -65°C to +150°C device at these or any other conditions beyond those indi-
. cated in the operational sections of this specification is not
Vil,:a,ge on A;r:y I(Dsm d 1.0V to 47.0V implied. Exposure to absolute maximum rating conditions
wi ESPECL 0 GroUNGd .cvvveveevreneene o O +/. for extended periods may affect device reliability.
Maximum Operating Voltage ..........ccccecveennennne 6.25V
DC Output CUIENt .......eeeeeeerericiereeeerenes 5.0 mA

Block Diagram
Vee GND

L

MEMORY ARRAY

ADDRESS
64x16 DECODER

DATA
REGISTER

| — OUTPUT
b 1 BUFFER

MODE
DECODE
CS — LOGIC

CLOCK
GENERATOR Do

SK ————»
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Pin Capacitance "
Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +5.0V (unless otherwise noted).

Test Conditions Max Units Conditions
Court Output Capacitance (DO) 5 pF Vout =0V
CiN Input Capacitance (CS, SK, Dl) 5 pF ViN=0V

Note: 1. This parameter is characterized and is not 100% tested.

DC Characteristics

Applicable over recommended operating range from: Ta| = -40°C to +85°C, Vcc = +2.5V to +5.5V,
Tac = 0°C to +70°C, Vce = +2.5V to +5.5V (unless otherwise noted).

Symbol Parameter Test Condition Min Typ Max Units
Vecet Supply Voltage 1.8 5.5 \
Vcez Supply Voltage 2.5 5.5 Vv
Vces Supply Voltage 2.7 5.5 \
Vcea Supply Voltage 4.5 5.5 \Y
. Supply Current Vo = 5.0V READ at 1.0 MHz 0.5 2.0 mA
WRITE at 1.0 MHz 0.5 2.0 mA
IsB1 Standby Current Vce = 2.5V CS =0V 14.0 20.0 LA
IsB2 Standby Current Vcec =2.7V CS =0V 14.0 20.0 uA
IsB3 Standby Current Vce = 5.0V CS=0V 35.0 50.0 HA
liL Input Leakage VIN =0V to Vce 0.1 1.0 uA
loL Output Leakage ViN =0V to Vce 0.1 1.0 uA
ViL1 (0| Input Low Voltage -0.1 0.8
Vi1 (| Input High Voltage 48V < Voe <55V 2.0 Vee + 1 v
Viz M | Input Low Voltage 0.0 Vcex 0.3
Vitz () | Input High Voltage 1.8V<Vee <27V Ve x 0.7 Vee + 1 v
Vo1 Output Low Voltage loL=2.1mA 0.4 \
VoH1 Output High Voltage 4.8V < Vee <55V IoH = -0.4 mA 2.4 Vv
loL=0.15 mA 0.2 \%
¥0L2 Output Low Voltage 1.8V < Voo <2.7V oL m,
OH2 Output High Voltage loH=-100pA  Voc-0.2 v

Note: 1. ViL min and Vi4 max are reference only and are not tested.

ATMEL 281



AC Characteristics

Applicable over recommended operating range from Ta = -40°C to + 85°C, Vcc = +2.5V to + 5.5V,
CL =1 TTL Gate and 100 pF (unless otherwise noted).

AIMEL

Symbol Parameter Test Condition Min Typ Max Units
4.5V <Vee 5.5V 0 2
f SK Clock 2.7V <Vge <5.5V 0 1 MHz
sK Frequency 2.5V <Vcc <5.5V 0 0.5
1.8V <Vce <55V 0 0.25
4.5V <Vce £5.5V 250
) ) 2.7V <Vcc £5.5V 250
tski | SKHigh Time 2.5V < Ve < 5.5V 500 ns
1.8V <Vcc <5.5V 1000
45V <Vce <£5.5V 250
) 2.7V <Vcc <£5.5V 250
tsKL SK Low Time 2.5V Voo <5.5V 500 ns
1.8V <Vce <5.5V 1000
4.5V <Vgoe £5.5V 250
i Minimum CS Low 2.7V <Vge £5.5V 250 ns
cs Time 2.5V <Vce £5.5V 500
1.8V <Vce £5.5V 1000
4.5V <Vce £5.5V 50
. . 2.7V <Vcc £5.5V 50
tcss CS Setup Time Relative to SK 2.5V < Voo <55V 100 ns
1.8V <Vee £5.5V 200
45V <Vce 5.5V 100
. . 2.7V <Vce £5.5V 100
tois DI Setup Time Relative to SK 2.5V < Voo < 5.5V 200 ns
1.8V <Vce £5.5V 400
tcsH CS Hold Time Relative to SK 0 ns
4.5V <Vge <5.5V 100
] . 2.7V <Vcc £5.5V 100
tDIH DI Hold Time Relative to SK 2.5V < Voo < 5.5V 200 ns
1.8V <Vge <5.5V 400
4.5V <Vce £5.5V 250
4 2.7V <Vcc £5.5V 250
tPD1 Output Delay to “1 AC Test 2.5V < Voo <55V 500 ns
1.8V <Vce £5.5V 1000
45V <Vge <£5.5V 250
(«y 2.7V <Vce £5.5V 250
tPDO Output Delay to ‘0"  AC Test 2.5V < Voo <55V 500 ns
1.8V <Vcc £5.5V 1000
4.5V <Vce <5.5V 250
. 2.7V <Vgc £5.5V 250
tsv CS to Status Valid  AC Test 2.5V < Voo <55V 500 ns
1.8V <Vce £5.5V 1000
4.5V <Vge £5.5V 100
4 CS to DO in High AC Test 2.7V <Vge £5.5V 100 ns
DF Impedance CS=VyiL 2.5V <Voe <55V 200
1.8V <Vce <5.5V 400
0.1 10
twp Write Cycle Time ms
4.5V <Vgc £5.5V 1 ms
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Instruction Set for the AT93C46A

Address
Instruction SB  Op Code x 16 Comments
READ 1 10 As - Ao Reads data stored in memory, at specified address.
EWEN 1 00 11XXXX Write enable must precede all programming modes.
ERASE 1 11 As - Ag Erase memory location An - Ao.
WRITE 1 01 As - Ao Writes memory location An - Ao.
ERAL 1 00 10OXXXX Erases all memory locations. Valid only at Vcc = 4.5V to 5.5V.
WRAL 1 00 01XXXX Writes all memory locations. Valid only at Vcc = 4.5V to 5.5V.
EWDS 1 00 00XXXX Disables all programming instructions.
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Functional Description

The AT93C46A is accessed via a simple and versatile
three-wire serial communication interface. Device opera-
tion is controlled by seven instructions issued by the host
processor. A valid instruction starts with a rising edge of
CS and consists of a Start Bit (logic ‘1') followed by the
appropriate Op Code and the desired memory Address
location.

READ (READ): The Read (READ) instruction contains
the Address code for the memory location to be read. After
the instruction and address are decoded, data from the
selected memory location is available at the serial output
pin DO. Output data changes are synchronized with the
rising edges of serial clock SK. It should be noted that a
dummy bit (logic ‘0’) precedes the 16 bit data output string.

ERASE/WRITE (EWEN): To assure data integrity, the
part automatically goes into the Erase/Write Disable
(EWDS) state when power is first applied. An Erase/Write
Enable (EWEN) instruction must be executed first before
any programming instructions can be carried out. Please
note that once in the Erase/Write Enable state, program-
ming remains enabled until an Erase/Write Disable
(EWDS) instruction is executed or Vcc power is removed
from the part.

ERASE (ERASE): The Erase (ERASE) instruction pro-
grams all bits in the specified memory location to the logi-
cal ‘1’ state. The self-timed erase cycle starts once the
ERASE instruction and address are decoded. The DO pin
outputs the READY / BUSY status of the part if CS is
brought high after being kept low for a minimum of 250 ns
(tcs). A logic ‘1’ at pin DO indicates that the selected mem-
ory location has been erased, and the part is ready for
another instruction.

Timing Diagrams
Synchronous Data Timing

WRITE (WRITE): The Write (WRITE) instruction con-
tains the 16 bits of data to be written into the specified
memory location. The self-timed programming cycle starts
after the last bit of data is received at serial data input pin
DI. The DO pin outputs the READY/BUSY status of the
part if CS is brought high after being kept low for a mini-
mum of 250 ns (tcs). A logic ‘0’ at DO indicates that pro-
gramming is still in progress. A logic ‘1’ indicates that the
memory location at the specified address has been written
with the data pattern contained in the instruction and the
part is ready for further instructions.

ERASE ALL (ERAL): The Erase All (ERAL) instruction
programs every bit in the memory array to the logic ‘1’
state and is primarily used for testing purposes. The DO
pin outputs the READY/BUSY status of the part if CS is
brought high after being kept low for a minimum of 250 ns
(tcs). The ERAL instruction is valid only at Vcc = 5.0V £
10%.

WRITE ALL (WRAL): The Write All (WRAL) instruction
programs all memory locations with the data patterns
specified in the instruction. The DO pin outputs the
READY/BUSY status of the part if CS is brought high after
being kept low for a minimum of 250 ns (tcs). The WRAL
instruction is valid only at Vcc = 5.0V + 10%.

ERASE/WRITE DISABLE (EWDS): To protect against
accidental data disturb, the Erase/Write Disable (EWDS)
instruction disables all programming modes and should be
executed after all programming operations. The operation
of the READ instruction is independent of both the EWEN
and EWDS instructions and can be executed at any time.

Vin e

Ccs Vi A

1 us
e tosS pe——— tokH ——ple—— tskL ——»

tesH

, N
e
s I I
X

X

I tps —e—tpiH
V
T
I

e tPDo le-tPD1 > tor
Vou —
DO (READ) .
[
e tgy > [« oF
VoH
DO (PROGRAM) " STATUS VALID

Note: 1. This is the minimum SK period.
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Organization Key for Timing Diagrams

AT93C46A
110 x 16
AN As
Dn D1s

Timing Diagrams (Continued)

READ Timing
/. y tcs

s/ — Vi
s NN

EWEN Timing ()
/L.

7
cs _/ tcs
s _JUUUUUUTUUUUTUL

1\o o/1 1 X
DI i

Note: 1. Requires a minimum of nine clock cycles.

EWDS Timing ("

cs / ' s

« UV UUUUUTL

Note: 1. Requires a minimum of nine clock cycles.

AMEL
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Timing Diagrams (Continued)
WRITE Timing

s/ Y, L
« U

HIGH IMPEDANCE l

DO a Va BUSY READY
‘4— twp

WRAL Timing ("2
i

MMWW[RL

HIGH IMPEDANCE ‘ BUSY
DO a s READY

Notes: 1. Valid only at Vcc = 4.5V to 5.5V.
2. Requires a minimum of nine clock cycles.

ERASE Timing

s [T WMML

L
V4
CHECK STANDBY
cs J EF:;‘Z STATUS T_‘
101 1 .. XAO
Di 4

AN-1 AN-2

HIGH IMPEDANCE M ’ BUSY HIGH IMPEDANCE

DO 7 7

(continued)
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Timing Diagrams (Continued)
TERAL Timing (")

« _[UUUUUUUUUUuUUL
Vi tcs /L.

V4 A
CHECK STANDBY
cs _/ STATUS

o NSNS,

HIGH IMPEDANCE /I
4

tin
HIGH IMPEDANCE

DO

Note: 1. Valid only at Vcc = 4.5V to 5.5V.

AIMEL
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Ordering Information

twp (max) lcc (max) IsB (max) fmax X i
Ordering Code Package | Operation Range
(ms) (nA) (uA) (kHz)
10 2000 50.0 2000 AT93C46A-10PC 8P3 Commercial
AT93C46A-10SC 851 (0°C to 70°C)
10 800 20.0 1000 AT93C46A-10PC-2.7 8P3 Commercial
AT93C46A-10SC-2.7 851 (0°C to 70°C)
10 600 20.0 500 AT93C46A-10PC-2.5 8P3 Commercial
AT93C46A-10SC-2.5 8S1 (0°C to 70°C)
10 2000 50.0 2000 AT93C46A-10P} 8P3 Industrial
AT93C46A-10SI 851 (-40°C to 85°C)
10 800 20.0 1000 AT93C46A-10P1-2.7 8P3 Industrial
AT93C46A-10S1-2.7 851 (-40°C to 85°C)
10 600 20.0 500 AT93C46A-10PI-2.5 8P3 Industrial
AT93C46A-10SI-2.5 851 (-40°C to 85°C)
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
881 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
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Features

® Low Voltage and Standard Voltage Operation
5.0 (Vcc = 4.5V to 5.5V)
2.7 (Vce = 2.7V to 5.5V)
2.5 (Vce = 2.5V to 5.5V)
1.8 (Vcc = 1.8V to 5.5V)
® User Selectable Internal Organization
1K: 128 x 8 or 64 x 16
2K: 256 x 8or 128 x 16
4K: 512 x 8 or 256 x 16
4-Wire Serial Interface
Self-Timed Write Cycle (10 ms max)
High Reliability
Endurance: 1 Million Cycles
Data Retention: 100 Years
® 8-Pin PDIP and EIAJ SOIC Packages

Description

The AT59C11/22/13 provides 1024/2048/4096 bits of serial EEPROM (Electrically
Erasabie Programmable Read Only Memory) organized as 64/128/256 words of 16
bits each, when the ORG Pin is connected to Vcc and 128/256/512 words of 8 bits
each when it is tied to ground. The device is optimized for use in many industrial and
commercial applications where low power and low voltage operation are essential.
The AT59C11/22/13 is available in space saving 8-pin PDIP and 8-pin EIAJ SOIC
packages.

The AT59C11/22/13 is enabled through the Chip Select pin (CS), and accessed via
a 4-wire serial interface consisting of Data Input (DI), Data Output (DO), and Clock
(CLK). Upon receiving a READ instruction at DI, the address is decoded and the data

. . . (continued)
Pin Configurations
Pin Name Function
CS Chip Select .
CLK Serial Data Clock 8-Pin PDIP
DI Serial Data Input
DO Serial Data Output C(:: Ly : -lvee PR
GND Ground ]2 1 RDY/BUSY
DI[]3 6 [1ORG
Vce Power Supply
— DO[] 4 5[] GND
ORG Internal Organization .
RDY/BUSY Status Output
8-Pin SOIC
cs]1 8 [jvce
CLK[] 2 7 [JRDY/BUSY

6 L oRG
5 [JGND

AT59C11/22/13

4-Wire

Serial CMOS
E’PROMs

1K (128 x 8 or 64 x 16)
2K (256 x 8 or 128 x 16)

4K (512 x 8 or 256 x 16)

0173J
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Description (Continued)

is clocked out serially on the data output pin DO, the
WRITE cycle is completely self-timed and no separate
ERASE cycle is required before WRITE. The WRITE cycle
is only enabled when the part is in the ERASE/WRITE EN-
ABLE state. Ready/Busy status can be monitored upon

Absolute Maximum Ratings*

Operating Temperature................... -55°C to +125°C
Storage Temperature..........ccccuee. -65°C to +150°C
Voltage on Any Pin

Block Diagram ")

VCC

!

completion of a programming operation by polling the
Ready/Busy pin.

The AT59C11/22/13 is available in 5.0V £ 10%, 2.7V to
5.5V, 2.5V to 5.5V, and 1.8V to 5.5V versions.

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions

with Respect to Ground .......ccccveeiueenee -1.0V to +7.0V for extended periods may affect device reliability.
Maximum Operating Voltage ........cccceevvneeeenne 6.25V
DC Output Current.......ccccveeviieiinencnninecee 5.0 mA

MEMORY ARRAY
ADDRESS
ORG —» 128/2560/%12 x 8 DECODER
64/128/256 x 16
Y
DATA
REGISTER
DI — T OUTPUT
BUFFER
MODE
DECODE
CS —» LOGIC
CLOCK ‘ l
CLK ———"  GENERATOR po
v
RDY/BUSY
Note: 1. When the ORG pin is connected to Vcc , the x 16 organization is selected. When it is connected to ground, the x 8 organiza-
tion is selected. If the ORG pin is left unconnected, then an internal pullup device will select the x 16 organization. This
feature is not available on 1.8V devices.
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Pin Capacitance "

Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +5.0V (unless otherwise noted).

Test Conditions Max Units Conditions
Cout Output Capacitance (DO) 5 pF Vout =0V
Cin Input Capacitance (CS, CLK, DI, RDY/BUSY) 5 pF VIN = 0V

Note: 1. This parameter is characterized and is not 100% tested.

DC Characteristics

Applicable over recommended operating range from: Ta| = -40°C to +85°C, Vcc = +1.8V to +5.5V,
Tac = 0°C to +70°C, Vce = +1.8V to +5.5V (unless otherwise noted).

Symbol Parameter Test Condition Min Typ Max Units
Vecet Supply Voltage 1.8 5.5 Vv
Veez Supply Voltage 2.5 5.5 \%
Vces Supply Voltage 2.7 5.5 Vv
Vces Supply Voltage 4.5 5.5 Vv
. Supply Current Voo = 5.0V READ at 1.0 MHz 0.5 2.0 mA
WRITE at 1.0 MHz 0.5 2.0 mA
IsB1 Standby Current Vce = 1.8V CS=0V 0.0 0.1 pA
IsB2 Standby Current Vce = 2.5V CS =0V 6.0 10.0 HA
IsB3 Standby Current Vce =2.7V CS =0V 6.0 10.0 pA
IsB4 Standby Current Vce =5.0V CS=0V 21.0 30.0 HA
hiL Input Leakage :/olNVZ(?V 0.1 1.0 pA
loL Output Leakage :/O”\\'/Zé)v 0.1 1.0 pA
ViL1 (0| Input Low Voltage 4.5V <Vce -0.1 0.8 v
Vi1 ()| Input High Voltage <55V 2.0 Vee + 1
Viez (U | Input Low Voltage 1.8V < Vce 0.0 Vce x 0.3 v
Vinz (1| Input High Voltage <27V Voo x 0.7 Ve + 1
VoL1 Output Low Voltage 4.5V <Vce loL=2.1mA 0.4 Y
VoHi1 Output High Voltage < 5.5V loH = 0.4 mA 2.4
VoL2 Output qu Voltage 1.8V <Vce loL=0.15mA 0.2 v
VoH2 Output High Voltage <27V loH =-0.1 mA Vee - 0.2

Note: 1. ViL min and Vi4 max are reference only and are not tested.
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AC Characteristics

Applicable over recommended operating range from Ta = -40°C to +85°C, Vcc = +1.8V to +5.5V,
CL =1 TTL Gate and 100 pF (unless otherwise noted).

ATmEY

Symbol Parameter Test Condition Min Typ Max Units
4.5V <Vge <5.5V 0 1
CLK Clock 2.7V <Vce <55V 0 1
ferk Frequency 2.5V <Vge £5.5V 0 0.5 MHz
1.8V <Vee <5.5V 0 0.25
4.5V <Vce <5.5V 250
) ) 2.7V <Vge <55V 250
tokH CLK High Time 2.5V < Voo <5.5V 500 ns
1.8V <Vcee <5.5V 1000
4.5V <Vce <5.5V 250
" 2.7V <Vge <565V 250
fet | CLK Low Time 25V <Vce <55V 500 ns
1.8V <Vce £5.5V 1000
4.5V <Vce <5.5V 250
t Minimum CS Low 2.7V <Vce <55V 250 ns
cs Time 2.5V <Voe 5.5V 500
1.8V <Vce <5.5V 1000
4.5V <Vce <5.5V 50
) . 2.7V <Vcc £5.5V 50
tcss CS Setup Time Relative to SK 2.5V < Voo <55V 100 ns
1.8V <Vce <5.5V 200
4.5V <Vcec £5.5V 100
) . 2.7V <Vcc <5.5V 100
tois DI Setup Time Relative to SK 2.5V < Voo <55V 200 ns
1.8V <Vce <5.5V 400
tcsH CS Hold Time Relative to SK 0 ns
4.5V <Vce 5.5V 100
. . 2.7V <Vcc £5.5V 100
toiH DI Hold Time Relative to SK 2.5V < Voo <55V 200 ns
1.8V <Vce <5.5V 400
4.5V <Vce <5.5V 250
g1 2.7V <Vce £5.5V 250
trD1 Output Delay to ‘1" AC Test 25V < Voo < 5.5V 500 ns
1.8V <Vee £5.5V 1000
45V <Vgce £5.5V 250
. 2.7V <Vcc £5.5V 250
tPDo Output Delay to ‘0'  AC Test 2.5V < Voo <55V 500 ns
1.8V <Vce <55V 1000
4.5V <Vge <5.5V 250
. 2.7V <Vce £5.5V 250
tRBD CS to Status Valid  AC Test 2.5V < Voo <55V 500 ns
1.8V <Vceo <55V 1000
4.5V <Vge <55V 100
t CS to DO in High AC Test 2.7V <Vee £5.5V 100 ns
Ccz Impedance CS=ViL 2.5V <Vge <5.5V 200
1.8V <Vce <5.5V 400
twe Write Cycle Time 0.1 10 ms
202 AT59C11/22/13 ————————
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Instruction Set for the AT59C11

Op Address Data

Instruction SB Code x8 x 16 x 8 x 16 Comments
Reads data stored in memory, at

READ Too1xx As - Ao As- Ao specified address.
Write enable must precede all

EWEN 1 0011 XXXXXXX XXXXXX programming modes.

WRITE 1 X1XX Ag - Ao As - Ao D7-Do Dis- Do | Writes memory location An - Ao.
Erases all memory locations. Valid

ERAL 1 0010 | XXXXXXX XXXXXX only at Voe = 4.5V to 5.5V.
Writes all memory locations. Valid

WRAL 1 0001 XXXXXXX XXXXXX D7-Do D1s5-Do only at Ve = 4.5V 10 5.5V,
Disables all programming

EWDS 1 0000 | XXXXXXX XXXXXX instructions.

Instruction Set for the AT59C22
Op Address Data

Instruction SB Code X8 x 16 x8 x 16 Comments
Reads data stored in memory, at

READ 110X A7- Ao As - Ao specified address.

EWEN 1 0011 | XOOOMKXXK  XXXXXXX Write enable must precede all
programming modes.

WRITE 1 X1XX A7- Ao As - Ao D7-Do Di1s- Do | Writes memory location An - Ao.
Erases all memory locations. Valid

ERAL 1 0010 | XXXXXXXX — XXXXXXX only at Vcc = 4.5V to 5.5V.
Writes all memory locations. Valid

WRAL 1 0001 | XXXXXXXX  XXXXXXX | D7-Do Dis-Do | when Vce =5.0V = 10% and
Disable Register cleared.
Disables all programming

EWDS 1 0000 | XXXXXXXX — XXXXXXX instructions.

ATmE}
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Instruction Set for the AT59C13

op Address Data

Instruction SB Code X8 x 16 X 8 x 16 Comments

Reads data stored in memory, at
READ 1 10X As - Ao A7- Ao specified address.

Write enable must precede all
EWEN 1 0011 | XXXXXXXXX  XXXXXXXX programming modes.
WRITE 1 X1XX Ag - Ao A7- Ao D7-Do Dis- Do | Writes memory location An - Ao.
ERAL 10010 | XXXXXXXXX  XXXXXXXX Erases all memory locations.

Valid only at Vcc = 4.5V to 5.5V.

Writes all memory locations.
WRAL 1 0001 | XXXXXXXXX XXXXXXXX | D7-Do Dis-Do | Valid when Vce =5.0V +10%
and Disable Register cleared.

Disables all programming
EWDS 1 0000 | XXXXXXXXX — XXXXXXXX instructions.
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Functional Description

The AT59C11/22/13 are accessed via a simple and versa-
tile 4-wire serial communication interface. Device opera-
tion is controlled by six instructions issued by the host
processor. A valid instruction starts with a rising edge of
CS and consists of a Start Bit (logic ‘1’) followed by the
appropriate Op Code and the desired memory Address lo-
cation.

READ (READ): The Read (READ) instruction contains
the Address code for the memory location to be read. After
the instruction and address are decoded, data from the
selected memory location is available at the serial output
pin DO. Output data changes are synchronized with the
rising edges of serial clock CLK. It should be noted that a
dummy bit (logic ‘0’) precedes the 8 or 16 bit data output
string.

ERASE/WRITE (EWEN): To assure data integrity, the
part automatically goes into the Erase/Write Disable
(EWDS) state when power is first applied. An Erase/Write
Enable (EWEN) instruction must be executed first before
any programming instructions can be carried out. Please
note that once in the Erase/Write Enable state, program-
ming remains enabled until an Erase/Write Disable
(EWDS) instruction is executed or Vcc power is removed
from the part.

WRITE (WRITE): The Write (WRITE) instruction con-
tains the 8 or 16 bits of data to be written into the specified
memory location. The self-timed programming cycle starts

Timing Diagrams
Synchronous Data Timing

after the last bit of data is received at serial data input pin
DI. The Ready/Busy status of the AT59C11/22/13 can be
determined by polling the RDY/BUSY pin. A logic ‘0’ at
RDY/BUSY indicates that programming is still in progress.
A logic ‘1" indicates that the memory location at the speci-
fied address has been written with the data pattern con-
tained in the instruction and the part is ready for further
instructions.

ERASE ALL (ERAL): The Erase All (ERAL) instruction
programs every bit in the memory array to the logic ‘1’
state and is primarily used for testing purposes. The
Ready/Busy status of the AT59C11/22/13 can be deter-
mined by polling the RDY/BUSY pin. The ERAL instruction
is valid only at Vce = 5.0V + 10%.

WRITE ALL (WRAL): The Write All (WRAL) instruction
programs all memory locations with the data patterns
specified in the instruction. The Ready/Busy status of the
AT59C11/22/13 can be determined by polling the
RDY/BUSY pin. The WRAL instruction is valid only at Vcc
=5.0V£10%.

ERASE/WRITE DISABLE (EWDS): To protect against
accidental data disturb, the Erase/Write Disable (EWDS)
instruction disables all programming modes and should be
executed after all programming operations. The operation
of the READ instruction is independent of both the EWEN
and EWDS instructions and can be executed at any time.

Vin \
cs ViL _/ D TNTT S L S < N
e-lcssPle—— tokH ——»}4———7 toke ——» |<—> tcsH
ViH
CLK v, I
L toIs—ple—tpiH
Vin
RV >< ><
< tpp l¢ tpp tcz
Vou
DO (READ)
«—— trgp ——», tcz
RDY/BUSY Vv STATUS VALID
oL [

Note: 1. This is the minimum CLK period.

(continued)
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Organization Key for Timing Diagrams

Density 1K Density 2K Density 4K
/1o x8 x16 x8 x 16 x 8 x16
AN As As A7 A6 As A7
DN D7 D15 D7 D15 D7 D1s
Timing Diagrams (Continued)
READ Timing
/] /L
1
CS \
Lk _IWLHILFUUUULF‘JUL
/
a
Do ez M— &
WRITE Timing S
oLk MWWUMX&MM
(AT59C11/13) RDY/BUSY o 7 " Ab
(ATseczz) RDY/BUSY we
X
—twc
EWEN/EWDS Timing
s _/ N
DI /T\oo/*\xxxxxxx
ENABLE = 11
*DISABLE = 00
(continued)

AT59C11/22/13
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Timing Diagrams (Continued)

ERAL Timing
os _/ N
DI 1\o o/1\x X X X X X X /M
1
(AT58C11/13) RDY/BUSY T,
= twc

(AT59C22) RDY/BUSY

WRAL Timing

(AT59C11/13) RDY/BUSY R jz
- twe

(AT59C22) RDY/BUSY
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Ordering Information

twec (max) | lcc (max) | Isg (max) fmax .
Ordering Code Package Operation Range
(ms) (uA) (1A) (kHz)
10 2000 30.0 1000 AT59C11-10PC 8P3 Commercial
AT59C11W-10SC 882 (0°C to 70°C)
10 800 10.0 1000 AT59C11-10PC-2.7 8P3 Commercial
AT59C11W-10SC-2.7 852 (0°C to 70°C)
10 600 10.0 500 AT59C11-10PC-2.5 8P3 Commercial
AT59C11W-10SC-2.5 852 (0°C to 70°C)
10 80 0.1 250 AT59C11-10PC-1.8 8P3 Commercial
AT59C11W-10SC-1.8 852 (0°C to 70°C)
10 2000 30.0 1000 AT59C11-10PI 8P3 Industrial
AT59C11W-10SI 852 (-40°C to 85°C)
10 800 10.0 1000 AT59C11-10PI-2.7 8P3 Industrial
AT59C11W-10SI-2.7 8582 (-40°C to 85°C)
10 600 10.0 500 AT59C11-10PI-2.5 8P3 Industrial
AT59C11W-10S1-2.5 852 (-40°C to 85°C)
10 80 0.1 250 AT59C11-10PI-1.8 8P3 Industrial
AT59C11W-10SI-1.8 852 (-40°C to 85°C)
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8S2 8 Lead, 0.200" Wide, Plastic Gull Wing Smali Outline (EIAJ SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)

2.08 AT59C11/22/13 m————ss——————————



Eessssssssssssssssssssssssssssssssssssssn A T59C11/22/13

Ordering Information

twc (max) Icc (max) Iss (max) fmax i
Ordering Code Package | Operation Range
(ms) (LA) (nA) (kHz)
10 2000 30.0 1000 AT59C22-10PC 8P3 Commercial
AT59C22W-10SC 852 (0°C to 70°C)
10 800 10.0 1000 AT59C22-10PC-2.7 8P3 Commercial
AT59C22W-10SC-2.7 882 (0°C to 70°C)
10 600 10.0 500 AT59C22-10PC-2.5 8P3 Commercial
AT59C22W-10SC-2.5 852 (0°C to 70°C)
10 80 0.1 250 AT59C22-10PC-1.8 8P3 Commercial
AT59C22W-10SC-1.8 852 (0°C to 70°C)
10 2000 30.0 1000 AT59C22-10PI 8P3 Industrial
AT59C22W-10S| 852 (-40°C to 85°C)
10 800 10.0 1000 AT59C22-10PI-2.7 8P3 Industrial
AT59C22W-10SI-2.7 852 (-40°C to 85°C)
10 600 10.0 500 AT59C22-10PI-2.5 8P3 Industrial
AT59C22W-10SI-2.5 852 (-40°C to 85°C)
10 80 0.1 250 AT59C22-10PI-1.8 8P3 Industrial
AT59C22W-10SI-1.8 852 (-40°C to 85°C)
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
882 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
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Ordering Information

twe (max) | lcc (max) IsB (max) fmax .
Ordering Code Package Operation Range
(ms) (uA) (uA) (kHz)
10 2000 30.0 1000 AT59C13-10PC 8P3 Commercial
AT59C13W-10SC 852 (0°C to 70°C)
10 800 10.0 1000 AT59C13-10PC-2.7 8P3 Commercial
AT59C13W-108C-2.7 882 (0°C to 70°C)
10 600 10.0 500 AT59C13-10PC-2.5 8P3 Commercial
AT59C13W-10SC-2.5 852 (0°C to 70°C)
10 80 0.1 250 AT59C13-10PC-1.8 8P3 Commercial
AT59C13W-10SC-1.8 852 (0°C to 70°C)
10 2000 30.0 1000 AT59C13-10PI 8P3 Industrial
AT59C13W-10SI 852 (-40°C to 85°C)
10 800 10.0 1000 AT59C13-10PI-2.7 8P3 Industrial
AT59C13W-10SI1-2.7 882 (-40°C to 85°C)
10 600 10.0 500 AT59C13-10PI-2.5 8P3 Industrial
AT59C13W-10Sl-2.5 8S2 (-40°C to 85°C)
10 80 0.1 250 AT59C13-10PI-1.8 8P3 Industrial
AT59C13W-10SI-1.8 852 (-40°C to 85°C)
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
882 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
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Features

@ Serial Peripheral Interface (SPI) Compatible
® Supports SPI Modes 0 and 3
® Low Voltage and Standard Voltage Operation
5.0 (Vcc = 4.5V to 5.5V)
2.7 (Vcc = 2.7V to 5.5V)
1.8 (Vcc = 1.8V to 3.6V)
2 MHz Clock Rate (5V) Compatibility
8-Byte Page Mode
Block Write Protection
Protect 1/4, 1/2, or Entire Array
® Write Protect (WP) Pin and Write Disable Instructions for
Both Hardware and Software Data Protection
@ Self-Timed Write Cycle (10 ms Max)
® High Reliability
Endurance: 1 Million Cycles
Data Retention: 100 Years
® Automotive Grade and Extended Temperature Devices Available
@ 8-Pin PDIP and JEDEC SOIC Packages

Description

The AT25010/020/040 provides 1024/2048/4096 bits of serial electrically erasable
programmable read only memory (EEPROM) organized as 128/256/512 words of 8
bits each. The device is optimized for use in many industrial and commercial applica-
tions where low power and low voltage operation are essential. The
AT25010/020/040 is available in space saving 8-pin PDIP and 8-pin JEDEC (SOIC)
packages.

The AT25010/020/040 is enabled through the Chip Select pin (CS) and accessed via
a 4-wire interface consisting of Serial Data Input (SI), Serial Data Output (SO), and
Serial Clock (SCK). All programming cycles are completely self-timed, and no sepa-
rate ERASE cycle is required before WRITE.

(continued)

8-Pin PDIP

Pin Configurations

Pin Name Function

cs Chip Select

SCK Serial Data Clock

Si Serial Data Input

SO Serial Data Output
GND Ground

Vce Power Supply

wP Write Protect

HOLD Suspends Serial Input

SPI

Serial CMOS
E’PROMs

1K (128 x 8)

2K (256 x 8)

4K (512 x 8)

Preliminary

0606B
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Description (Continued)

BLOCK WRITE protection is enabled by programming the
status register with one of four blocks of write protection.
Separate program enable and program disable instruc-
tions are provided for additional data protection. Hardware
data protection is provided via the WP _pin to protect
against inadvertent write attempts. The HOLD pin may be
used to suspend any serial communication without reset-
ting the serial sequence.

Absolute Maximum Ratings*

Operating Temperature...........c....... -55°C to +125°C

Storage Temperature.........c..coouc..... -65°C to +150°C

*NOTICE: Stresses beyond those listed under “Absolute Maxi-

Voltage on Any Pin mum Ratings” may cause permanent damage to the device.

with Respect to Ground ...........cc...... -1.0V to +7.0V This is a stress rating only and functional operation of the

Maximum Operating Voage .........cco.ovvervenen. 6.25V device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not

DC Output CUImrent.......cccovevceieieerecireeeens 5.0 mA implied. Exposure to absolute maximum rating conditions

for extended periods may affect device reliability.

Block Diagram

Voo GND
MEMORY ARRAY
STATUS
- ADDRESS
REGISTER »| 128/256/512 x 8 o oEn
DATA
REGISTER
| OUTPUT
St T BUFFER
MODE
»  DECODE
cs > LOGIC
WP ———» T l
CLOCK
SCK »|  GENERATOR S0
HOLD

2102 AT25010/020/040 sess————————————————
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Pin Capacitance
Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Ve = +5.0V (unless otherwise noted).

Test Conditions Max Units Conditions
Cout Output Capacitance (SO) 8 pF Vout = 0V
CIN Input Capacitance (CS, SCK, SI, WP, HOLD) 6 pF VIN = OV u
Note: 1. This parameter is characterized and is not 100% tested.
DC Characteristics
Applicable over recommended operating range from: Tal = -40°C to +85°C, Vcc = +1.8V to +5.5V,
Tac = 0°C to +70°C, Vce = +1.8V to +5.5V (unless otherwise noted).
Symbol Parameter Test Condition Min Max  Units
Veet () |Supply Voltage 1.8 55 Y
Veez Supply Voltage 2.7 55 Vv
Vees Supply Voltage 4.5 55 \Y
Vce = 5.0V at 1 MHz,
lcct Supply Current SO = Open 3.0 mA
Vce = 5.0V at 2 MHz,
lcca Supply Current SO = Open 6.0 mA
Isg1 () |Standby Current Vce = 1.8V CS =Vce 100 pA
lsB2 Standby Current Vece =2.7V CS= Vee 100 LA
IsB3 Standby Current Vee = 5.0V CS =Vce 100 A
liL Input Leakage ViN =0V to Ve -1.0 3.0 HA
ViN =0V to Ve, -
loL Output Leakage Tac = 0°C to 70°C 1.0 3.0 HA
viL®@ Input Low Voltage -1.0 Veex 0.3 \
vy @ Input High Voltage Ve x 0.7 Vcc + 0.5 V
(0] Volt loL=2. 0.4 \'
VoL1 utput Low Voltage 4.5V < Voo < 5.5V oL 0 mA
VoH1 Output High Voltage loH =-1.0 mA Vee - 0.8 \Y
(0] Vol loL=0. 2 \
VoL2 utput Lc?w oltage 1.8V < Voc < 3.6V oL=0.15mA 0
VoH2 Output High Voltage loH = -100 pA Vece - 0.2 \Y
Notes: 1. This parameter is preliminary and Atmel may change the specifications upon further characterization.
2. ViL min and Vi4 max are reference only and are not tested.
2-103
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AC Characteristics

Applicable over recommended operating range from Ta = -40°C to +85°C, Vcc = As Specified,

AIMEL

CL =1 TTL Gate and 100 pF (unless otherwise noted).

Symbol Parameter Voltage Min Max Units
45-55 0 2
fsck SCK Clock Frequency 2.7-55 0 1 MHz
1.8-3.6 0 (1)
45-55 2
tRI Input Rise Time 2.7-55 2 us
1.8-3.6 2
45-55 2
tFI Input Fall Time 2.7-55 2 us
1.8-3.6 2
45-55 200
twH SCK High Time 2.7-55 400 ns
1.8-3.6 (1)
45-55 200
twL SCK Low Time 2.7-55 400 ns
1.8-3.6 1)
o 45-55 250
tcs CS High Time 2.7-55 500 ns
1.8-3.6 (1)
_ 45-55 250
tcss CS Setup Time 2.7-55 500 ns
1.8 - 3.6 (1)
- 45-55 250
tcsH CS Hold Time 2.7-55 500 ns
1.8-3.6 (1)
45-55 50
tsu Data In Setup Time 27-55 100 ns
1.8-3.6 100
45-55 50
tH Data In Hold Time 27-55 100 ns
1.8-3.6 100
45-55 100
tHD Hold Setup Time 27-55 200 ns
1.8-3.6 (1)
45-55 100
tcp Hold Hold Time 2.7-55 200 ns
1.8-3.6 (1)
45-55 0 200
tv Output Valid 27-55 0 400 ns
1.8-3.6 0 (1)
45-55 0
tHo Output Hold Time 2.7-55 0 ns
1.8-3.6 0
45-55 0 100
tLz Hold to Output Low Z 27-55 0 100 ns
1.8-3.6 0 100
Note: 1. To be characterized. (continued)
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AC Characteristics (Continued)

Symbol Parameter Voltage Min Max Units
45-55 100

tHz Hold to Output High Z 2.7-55 100 ns
18-3.6 100
45-55 250

tois Output Disable Time 27-55 500 ns
1.8-36 ™)
45-55

twe Write Cycle Time 27-55 10 ms
1.8-3.6

Note: 1. To be characterized.
2-105
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Serial Interface Description SPI Serial Interface

MASTER: The device that generates the serial clock. MASTER: SLAVE:
SLAVE: Because the Serial Clock pin (SCK) is always MICR[?:_:%T: IR;I_S:I ATZS:O/OZO/MO
an input, the AT25010/020/040 always operates as a ( ) 7
slave. DATA IN (MISO) SO
TRANSMITTER/RECEIVER: The AT25010/020/040

has separate pins designated for data transmission (SO) SERIAL CLOCK (SPI CK) » SCK
and reception (SI). $S0 »| CS
MSB: The Most Significant Bit (MSB) is the first bit S8t

transmitted and received. ' B
SERIAL OP-CODE: After the device is selected with CS ss2f so
going low, the first byte will be received. This byte contains ss3

the op-code that defines the operations to be performed. | SCK
The op-code also contains address bit A8 in both the .
READ and WRITE instructions. +| CS
INVALID OP-CODE: If an invalid op-code is received,

no data will be shifted into the AT25010/020/040, and the sl
serial output pin (SO) will remain in a high impedance so
state until the falling edge of CS is detected again. This will

reinitialize the serial communication. »| SCK
CHIP SELECT: The AT25010/020/040 is selected when s
the CS pin is low. When the device is not selected, data e

will not be accepted via the Sl pin, and the serial output pin Lo 5
(SO) will remain in a high impedance state.

HOLD: The HOLD pin is used in conjunction with the CS Sl
pin to select the AT25010/020/040. When the device is o scx
selected and a serial sequence is underway, HOLD can q

be used to pause the serial communication with the mas- » Cs

ter device without resetting the serial sequence. To pause,
the HOLD pin must be brought low while the SCK pin is
low. To resume serial communication, the HOLD pin is
brought high while the SCK pin is low (SCK may still toggle
during HOLD). Inputs to the SI pin will be ignored while
the SO pin is in the high impedance state.

WRITE PROTECT: The write protect pin (WP) will allow
normal read/write operations when held high. When the
WP pin is brought low, all write operations are inhibited.
WP going low while CS is still low will interrupt a write to
the AT25010/020/040. If the internal write cycle has al-
ready been initiated, WP going low will have no effect on
any write operation.
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Functional Description

The AT25010/020/040 is designed to interface directly
with the synchronous serial peripheral interface (SPI) of
the 6805 and 68HC11 series of microcontrollers.

The AT25010/020/040 utilizes an 8 bit instruction register.
The list of instructions and their operation codes are con-
tained in Table 1. All instructions, addresses, and data are
transferred with the MSB first.

Table 1. Instruction Set for the AT25010/020/040

Table 2b. Read Status Register Bit Definition

Bit Definition

< n@ev, |Bit0 =0 (RDY) indicates the device is READY.
Bit0 (RDY) |Bit 0 = 1 indicates the write cycle is in progress.
Bit 1= 0 indicates the device is not WRITE

Bit 1 (WEN) |ENABLED. Bit 1 = 1 indicates the device is
WRITE ENABLED.

Bit 2 (BPO) |See Table 3.

Bit 3 (BP1) |[See Table 3.

Bits 4-7 are Os when device is not in an internal write cycle.
Bits 0-7 are 1s during an internal write cycle.

Instruction (Instruction

Name Format Operation

WREN 0000 X110 |Set Write Enable Latch

WRDI 0000 X100 | Reset Write Enable Latch
RDSR 0000 X101 Read Status Register

WRSR 0000 X001 | Write Status Register

READ 0000 AO11 Read Data from Memory Array
WRITE 0000 A010 _ |Write Data to Memory Array
Note: “A” represents MSB address bit A8.

WRITE ENABLE (WREN): The device will power up in
the write disable state when V¢c is applied. All program-
ming instructions must therefore be preceded by a Write
Enable instruction. The WP pin must be held high during a
WREN instruction.

WRITE DISABLE (WRDI): To protect the device
against inadvertent writes, the Write Disable instruction
disables all programming modes. The WRDI instruction is
independent of the status of the WP pin.

READ STATUS REGISTER (RDSR): The Read Status
Register instruction provides access to the status register.
The READY/BUSY and Write Enable status of the device
can be determined by the RDSR instruction. Similarly, the
Block Write Protection bits indicate the extent of protection
employed. These bits are set by using the WRSR instruc-
tion.

Table 2a. Status Register Format

Bit7 | Bit6 | Bit5 | Bit4 | Bit 3 | Bit2 | Bit 1
X X X X BP1 | BPO

Bit 0
WEN | RDY

AIMEL

WRITE STATUS REGISTER (WRSR): The WRSR in-
struction allows the user to select one of four levels of pro-
tection. The AT25010/020/040 is divided into four array
segments. One quarter (1/4), one half (1/2), or all of the
memory segments can be protected. Any of the data
within any selected segment will therefore be READ only.
The block write protection levels and corresponding status
register control bits are shown in Table 3.

The two bits, BP1 and BP0 are nonvolatile cells that have
the same properties and functions as the regular memory
cells (e.g. WREN, twc, RDSR).

Table 3. Block Write Protect Bits

Level |Status Register|Array Addresses Protected
Bits
BP1 BPO AT25010 | AT25020 | AT25040
0 0 0 None None None
1(1/4) 0 1 60-7F CO-FF__ |180-1FF
2(1/2) 1 0 40-7F 80-FF _ |100-1FF
3 (All) 1 1 00-7F 00-FF _ |000-1FF

READ SEQUENCE (READ): Reading the
AT25010/020/040 via the SO (Serial Output) pin requires
the following sequence. After the CS line is pulled low to
select a device, the READ op-code (including A8) is trans-
mitted via the S line followed by the byte address to be
read (A7-A0). Upon completion, any data on the Sl line will
be ignored. The data (D7-DO0) at the specified address is
then shifted out onto the SO line. If only one byte is to be
read, the CS line should be driven high after the data
comes out. The READ sequence can be continued since
the byte address is automatically incremented and data
will continue to be shifted out. When the highest address
is reached, the address counter will roll over to the lowest
address allowing the entire memory to be read in one con-

tinuous READ cycie. .
Y (continued)
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Functional Description (Continued)

WRITE SEQUENCE (WRITE): In order to program the
AT25010/020/040, the Write Protect pin (WP) must be
held high and two separate instructions must be executed.
First, the device must be write enabled via the Write En-
able (WREN) Instruction. Then a Write (WRITE) Instruc-
tion may be executed. Also, the address of the memory
location(s) to be programmed must be outside the pro-
tected address field location selected by the Block Write
Protection Level. During an internal write cycle, all com-
mands will be ignored except the RDSR instruction.

A Write Instruction requires the following sequence. After
the CS line is pulled low to select the device, the WRITE
op-code (including A8) is transmitted via the Sl line fol-
lowed by the byte address (A7-A0) and the data (D7-D0)
to be programmed. Programming will start after the CS pin
is brought high. (The LOW to High transition of the CS pin
must occur during the SCK low time immediately after
clocking in the DO (LSB) data bit.

The READY/BUSY status of the device can be deter-
mined by initiating a READ STATUS REGISTER (RDSR)

2-108

Instruction. If Bit 0 = 1, the WRITE cycle is still in progress.
If Bit 0 = 0, the WRITE cycle has ended. Only the READ
STATUS REGISTER instruction is enabled during the
WRITE programming cycle.

The AT25010/020/040 is capable of an 8-byte PAGE
WRITE operation. After each byte of data is received, the
three low order address bits are internally incremented by
one; the six high order bits of the address will remain con-
stant. If more than 8-bytes of data are transmitted, the ad-
dress counter will roll over and the previously written data
will be overwritten. The AT25010/020/040 is automatically
returned to the write disable state at the completion of a
WRITE cycle.

NOTE: If the WP pin is brought low or if the device is not
Write enabled (WREN), the device will ignore the Write
instruction and will return to the standby state, when CS is
brought high. A new CS falling edge is required to re-initi-
ate the serial communication.

AT25010/020/040 s
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Timing Diagrams
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RDSR Timing
Cs _/
9 10 11 12 13 14
SCK
INSTRUCTION
s /N IX XXX XXX
DATA OUT
HIGH IMPEDANCE y
e 7 X6 X5 X4 X3X2X1X0)
MSB
WRSR Timing
CS /
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INSTRUCTION DATA IN

s /A VR EINYVE ONIRY
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SO

READ Timing
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WRITE Timing
CS /
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9TH BIT OF ADDRESS
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Ordering Information

twp (max) | lcc(max) | IsB (max) fmax . .
Ordering Code Package | Operation Range
(ms) (nA) (HA) (kHz)
10 6000 100 2000 AT25010-10PC 8P3 Commercial
AT25010-10SC 881 (0°C to 70°C)
10 3000 100 1000 AT25010-10PC-2.7 8P3 Commercial
AT25010-10SC-2.7 881 (0°C to 70°C)
10 3000 100 1) AT25010-10PC-1.8 8P3 Commercial
AT25010-10SC-1.8 851 (0°C to 70°C)
10 6000 100 2000 AT25010-10P!I 8P3 Industrial
AT25010-10SlI 851 (-40°C to 85°C)
10 3000 100 1000 AT25010-10P1-2.7 8P3 Industrial
AT25010-10S1-2.7 851 (-40°C to 85°C)
10 3000 100 (1) AT25010-10PI-1.8 8P3 Industrial
AT25010-10SI-1.8 881 (-40°C to 85°C)
Note: 1. To be characterized.
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
881 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-1.8 Low Voltage (1.8V to 3.6V)
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Ordering Information

twp (max) | lcc (max) | IsB (max) fmax .
Ordering Code Package Operation Range
(ms) (LA) (uA) (kHz)

10 6000 100 2000 AT25020-10PC 8P3 Commercial
AT25020N-10SC 8S1 (0°C to 70°C)

10 3000 100 1000 AT25020-10PC-2.7 8P3 Commercial
AT25020N-10SC-2.7 8S1 (0°C to 70°C)

10 3000 100 (1) AT25020-10PC-1.8 8P3 Commercial
AT25020N-10SC-1.8 8S1 (0°C to 70°C)

10 6000 100 2000 AT25020-10PI 8P3 Industrial
AT25020N-10SI 851 (-40°C to 85°C)

10 3000 100 1000 AT25020-10PI-2.7 8P3 Industrial
AT25020N-10S1-2.7 851 (-40°C to 85°C)

10 3000 100 (1) AT25020-10PI-1.8 8P3 Industrial
AT25020N-10S1-1.8 851 (-40°C to 85°C)

Note: 1. To be characterized.
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8S1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-1.8 Low Voltage (1.8V to 3.6V)

ATMEL
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Ordering Information

twp (max) lcc (max) Is (max) fmax i .
Ordering Code Package | Operation Range
(ms) (nA) (nA) (kHz)
10 6000 100 2000 AT25040-10PC 8P3 Commercial
AT25040N-10SC 851 (0°C to 70°C)
10 3000 100 1000 AT25040-10PC-2.7 8P3 Commercial
AT25040N-10SC-2.7 851 (0°C to 70°C)
10 3000 100 (1) AT25040-10PC-1.8 8P3 Commercial
AT25040N-10SC-1.8 8S1 (0°C to 70°C)
10 6000 100 2000 AT25040-10PI 8P3 Industrial
AT25040N-10SI 851 (-40°C to 85°C)
10 3000 100 1000 AT25040-10P1-2.7 8P3 Industrial
AT25040N-10S1-2.7 851 (-40°C to 85°C)
10 3000 100 (1) AT25040-10PI-1.8 8P3 Industrial
AT25040N-10SI-1.8 851 (-40°C to 85°C)
Note: 1. To be characterized.
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8s1 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
2.7 Low Voltage (2.7V to 5.5V)
-1.8 Low Voltage (1.8V to 3.6V)
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Features

@ Serial Peripheral Interface (SPI) Compatible
® Supports SPI Modes 0 and 3
® Low Voltage and Standard Voltage Operation
5.0 (Vcc = 4.5V to 5.5V)
2.7 (Vec = 2.7V to 5.5V)
1.8 (Vcc = 1.8V to 3.6V)
2 MHz Clock Rate
32-Byte Page Mode
Block Write Protection
Protect 1/4, 1/2, or Entire Array
® Write Protect (WP) Pin and Write Disable Instructions for
Both Hardware and Software Data Protection
® Self-Timed Write Cycle (10 ms Max)
® High Reliability
Endurance: 1 Million Cycles
Data Retention: 100 Years
® Automotive Grade and Extended Temperature Devices Available
® 8-Pin PDIP and JEDEC SOIC Packages

Description

The AT25320/640 provides 32768/65536 bits of serial electrically erasable program-
mable read only memory (EEPROM) organized as 4096/8192 words of 8 bits each.
The device is optimized for use in many industrial and commercial applications where
low power and low voltage operation are essential. The AT25320/640 is available in
space saving 8-pin PDIP and 8-pin JEDEC (SOIC) packages.

The AT25320/640 is enabled through the Chip Select pin (@) and accessed via a
4-wire interface consisting of Serial Data Input (Sl), Serial Data Output (SO), and
Serial Clock (SCK). All programming cycles are completely self-timed, and no sepa-

rate ERASE cycle is required before WRITE. .
(continued)

8-Pin PDIP

Pin Configurations

Pin Name Function

cs Chip Select

SCK Serial Data Clock

SI Serial Data Input

SO Serial Data Output
GND Ground

Vee Power Supply

wpP Write Protect

HOLD Suspends Serial Input

SPI

Serial CMOS

E2PROMs

32K (4096 x 8)

64K (8192 x 8)

Advance
Information

0639A
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Description (Continued)

BLOCK WRITE protection is enabled by programming the data protection is provided via the WP pin to protect
status register with one of four blocks of write protection. against inadvertent write attempts to the status register.
Separate program enable and program disable instruc- The HOLD pin may be used to suspend any serial commu-
tions are provided for additional data protection. Hardware nication without resetting the serial sequence.

Absolute Maximum Ratings*

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
Operating Temperature................... -55°C to +125°C mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
Storage Temperature...............cc..... -65°C to +150°C vice at these or any other conditions beyond those indicated
. in the operational sections of this specification is not implied.
Voltage on Any Pin Exposure to absolute maximum rating conditions for ex-
with Respect to Ground .............c....... -1.0V to +7.0V tended periods may affect device reliability.
Maximum Operating Voltage ........cccccccverunnnen. 6.25V
DC Output Current.........ccecceeveveciricnsiereeenens 5.0 mA

Block Diagram

Voo  GND
REGISTER .| MEMORY ARRAY ADDRESS
"l 4096/8192x 8 DECODER
A
DATA
REGISTER
— OUTPUT
st T BUFFER
MODE
— DECODE
cs > LOGIC
WF ———» T l
CLOCK
SCK »|  GENERATOR EY
HOLD
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Features

o E2 Programmable 65,536 x 1, 131,072 x 1, and 262,144 x 1 bit Serial Memories
Designed To Store Configuration Programs For Programmable Gate Arrays

® Simple Interface to SRAM FPGAs Requires Only One User /O Pin

® Compatible With AT6000 FPGAs, ATT3000 FPGA, EPF8000 FPGAs, ORCA FPGAs,
XC2000, XC3000, XC4000, XC5000 FPGAs

® Cascadable To Support Additional Configurations or Future Higher-density Arrays
(17C128 and 17C256 only)

® Low-power CMOS EEPROM Process

® Programmable Reset Polarity

® Available In the Space-efficient Plastic DIP or Surface-mount
PLCC and SOIC Packages

@ In-system Programmable Via 2-Wire Bus

@ Emulation of 24CXX Serial E2PROMs

Description

The AT17C65/128/256 (AT17CXXX family) FPGA Configuration E2PROMS (Configu-
rator) provide an easy-to-use, cost-effective configuration memory for Field Program-
mable Gate Arrays. Both the AT17C65 and the AT17C128 are packaged in the 8-pin
DIP and the popular 20-pin Plastic Leaded Chip Carrier, and SOIC. The AT17C256 is
available in 14-pin SOIC or 20-pin PLCC or SOIC packages. The AT17CXXX family
uses a simple serial-access procedure to configure one or more FPGA devices. The
AT17CXXX organization supplies enough memory to configure one or multiple
smaller FPGAs. Using a special feature of the AT17CXXX, the user can select the
polarity of the reset function by programming a special E2PROM bit.

The AT17C65/128/256 can be programmed with the standard programmers from
other manufacturers.

Pin Configurations

20-Pin PLCC 20-Pin SOIC
A v
N T N [ N
c A C Cc [o] \ ’

Nne ] 20 [ vee

cLk pATA [ 2 19 9 ne
Ne [ 3 18 I3 ne
NC
cik O ¢ 17 [ SER_EN
RESET/GE e o 16 [ no
NC RESET/OE ] & 15 I3 ne

Ne O 7 14 [ cEo

CE 8 13 3 ne
N N NC 9 12 9 ne
cC N C

D GND 10 11 13 ne

AlMEL

FPGA
Configuration
E’PROM

65K, 128K, and 256K

® Please refer to Section 5,
FPGA Configuration
Memories, page 5-3 for
complete AT17C65/128/256
data sheet.

0391D
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Controlling The AT17C65/128/256 Serial EEPROMs

Most connections between the FPGA device and the Se-

rial E2PROM are simple and self-explanatory:

« The DATA output of the AT17C65/128/256 drives DIN
of the FPGA devices.

« The master FPGA CCLK output drives the CLK input of
the AT17C65/128/256.

« The CEO output of any AT17C128/256 drives the CE
input of the next AT17C128/256 in a cascade chain of
PROMs.

» SER_EN must be connected to Vcc.

There are, however, two different ways to use the inputs
CE and OE, as shown in the AC Characteristics Wave-
form.

Condition 1 _

The simplest connection is to have the FPGA D/P output
drive both CE and RESET/OE in parallel. Due to its sim-
plicity, however, this method will fail if the FPGA receives
an external reset condition during the configuration cycle.

Block Diagram

If a system reset is applied to the FPGA, it will abort the
original configuration and then reset itself for a new con-
figuration, as intended. Of course, the AT17C65/128/256
does not see the external reset signal and will not reset its
internal address counters and, consequently, will remain
out of sync with the FPGA for the remainder of the configu-
ration cycle.

Condition 2_

The FPGA D/P output drives only the CE input of the
AT17C65/128/256, while its OE input is driven by the in-
version of the FPGA RESET input. This connection works
under all normal circumstances, even when the user
aborts a configuration before D/P has gone High. A high
level on the RESET/OE input to the AT17CXXX during
FPGA reset clears the PROM internal address pointer, so
that the reconfiguration starts at the beginning. The
AT17C65/128/256 does not require an inverter since the
RESET polarity is programmable.

AT17C65/128/256
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Features

® 2.7 to 3.6V Supply
Full Read and Write Operation
® Low Power Dissipation
8 mA Active Current
50 A CMOS Standby Current
Read Access Time - 250 ns
Byte Write - 3 ms
Direct Microprocessor Control
DATA Polling
READ/BUSY Open Drain Output on TSOP
@ High Reliability CMOS Technology
Endurance: 100,000 Cycles
Data Retention: 10 Years
Low Voltage CMOS Compatible Inputs and Outputs
JEDEC Approved Byte Wide Pinout
Commercial and Industrial Temperature Ranges

Description

The AT28BV16 is a low-power, high-performance Electrically Erasable and Program-
mable Read Only Memory with easy to use features. The AT28BV16 is a 16K mem-
ory organized as 2,048 words by 8 bits. The device is manufactured with Atmel’s
reliable nonvolatile CMOS technology.

The AT28BV16 is accessed like a static RAM for the read or write cycles without the
need of external components. During a byte write, the address and data are latched

(continued)
Pin Configurations
Pin Name Function
A0 - A10 Addresses TgpSSiZw
CE Chip Enable
_— OE 4 1 28 A0
OE Output Enable Ne o d2, 262 B vor CE
_— N A8 g 4 25 1706
WE Write Enable we vgg E 6 j :23 Zg: Vo4
1/00 - 1/07 Data Inputs/Outputs RDY/BUSY No D8 o 202 B yoe VP
NC No Connect YR T 18 "% E voo vot
A5 ? 12 13 1 17 ) A0
DC Don't Connect A M MY SRalNVS
PDIP, SOIC PLCC
Top View Top View
U L veo A7 NC VCC__ NC
A7 1 24 P v NC DC WE
As ] 2 23 P2 A8 4 32 1323130
As O 3 22 [1 A9
A )4 21 P2 WE
As s 20 P OE
A lle 19 [ At0
a7 18 P CE
A0 L} 8 17 o7
oo 0 9 16 E 1/06
17014 10 15 |1 vos
/02 11 14 P o4 14151617181920
GND [ 12 13 P 1103 s 12 DC345
GND

AImEL

AT28BV16

16K (2K x 8)
Battery-Voltage™
CMOS

E’PROM

0308A
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Description (Continued)

internally, freeing the microprocessor address and data
bus for other operations. Following the initiation of a write
cycle, the device will go to a busy state and automatically
clear and write the latched data using an internal control
timer. The end of a write cycle can be determined by
DATA polling of [/O7. Once the end of a write cycle has
been detected, a new access for a read or a write can
begin.

Block Diagram

The CMOS technology offers fast access times of 250 ns
at low power dissipation. When the chip is deselected the
standby current is less than 50 pA.

Atmel’'s 28BV16 has additional features to ensure high
quality and manufacturability. The device utilizes error cor-
rection internally for extended endurance and for im-
proved data retention characteristics. An extra 32-bytes of
E2PROM are available for device identification or tracking.

Ve — DATA INPUTS/QUTPUTS
GND —» /00 - Y07
TITTIYY
OE —| __ _ I e
WE OE, CE AND WE DATA LATCH
— LOGIC INPUT/OUTPUT
CE BUFFERS
:: Y DECODER > Y-GATING
ADDRESS | ] o
INPUTS i CELL MATRIX
X DECODER
—» IDENTIFICATION
Absolute Maximum Ratings*
. o . *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias................. -55°C to +125°C mum Ratings” may cause permanent damage to the device.
o o This is a stress rating only and functional operation of the
Storage Temperature........c.coeueunnee -65°C to +150°C device at these or any other conditions beyond those indi-
All Input Voltages cated in the operational sections of this specification is not
: . : implied. Exposure to absolute maximum rating conditions
(including NC Pins) for extended periods may affect device reliability
with Respect to Ground ................... -0.6V to +6.25V '
All Output Voltages
with Respect to Ground ............. -0.6V to Vcc + 0.6V
Voltage on OE and A9 ’
with Respect to Ground .............c.c... -0.6V to +13.5V
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Device Operation

READ: _The AT28BV16 is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The outputs are put in a high im-
pedance state whenever CE or OE is high. This dual line
control gives designers increased flexibility in preventing
bus contention.

BYTE WRITE: Writing data into the AT28BV16 is similar
to writing into a Static RAM. A low pulse on the WE or CE
input with OE high and CE or WE low (respectively) initi-
ates a byte write. The address location is latched on the
last falling edge of WE (or CE); the new data is latched on
the first rising edge. Internally, the device performs a self-
clear before write. Once a byte write has been started, it
will automatically time itself to completion. Once a pro-
gramming operation has been initiated and for the dura-
tion of twc, a read operation will effectively be a polling
operation.

DATA POLLING: The AT28BV16 provides DATA
POLLING to signal the completion of a write cycle. During
a write cycle, an attempted read of the data being written
results in the complement of that data for I/O7 (the other
outputs are indeterminate). When the write cycle is fin-
ished, true data appears on all outputs.

AIMEL

READY/BUSY (TSOP only): READY/BUSY is an open
drain output; it is pulled low during the internal write cycle
and released at the completion of the write cycle.

WRITE PROTECTION: Inadvertent writes to the device
are protected against in the following ways. (a) Vcc
sense— if Vcc is below 2.0V (typical) the write function is
inhibited. (b) Vcc power on delay— once Vcc has reached
2.0V the device will automatically time out 5 ms (typical)
before allowing a byte write. (c) Write Inhibit— holding any
one of OE low, CE high or WE high inhibits byte write cy-
cles.

DEVICE IDENTIFICATION: An extra 32-bytes of
E2PROM memory are available to the user for device
identification. By raising A9 to 12 + 0.5V and using ad-
dress locations 7EOH to 7FFH the additional bytes may be
written to or read from in the same manner as the regular
memory array.
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DC and AC Operating Range

AT28BV16-25 AT28BV16-30
Operating Com. 0°C - 70°C 0°C -70°C
Temperature (Case) Ind. -40°C - 85°C -40°C - 85°C
Vcc Power Supply ‘ © 2.7Vto 3.6V 2.7V to 3.6V
Operating Modes
Mode CE OE WE )
Read ViL Vi VIH Dout
Write () ViL ViH ViL DiN
Standby/Write Inhibit ViH x M X High Z
Write Inhibit X X VIH
Write Inhibit X ViL X
Output Disable X VIH X High Z
Notes: 1. X can be Vi or Vin.
2. Refer to AC Programming Waveforms.
DC Characteristics
Symbol Parameter Condition Min Max Units
ILi Input Load Current VIN =0V to Vce + 1.0V 5 LA
Lo Output Leakage Current Vijo = 0V to Vce 5 LA
IsB Vce Standby Current CMOS CE = Vcc - 0.3V to Vog + 1.0V 50 A
lcc Vce Active Current AC f=5MHz; loutr =0 mA; CE= VL 8 mA
ViL Input Low Voltage 0.6 \'
VIH Input High Voltage 2.0 Vv
VoL Output Low Voltage loL =1 mA — 03 v
loL = 2 mA for RDY/BUSY 0.3 \
VoH Output High Voltage loH = -100 pA 2.0 Vv

2122 AT28BV16 meesssssseesssssss——



IEEEssssssssssssssssssssssssssssssssssssss A T28BV 16

AC Read Characteristics

AT28BV16-25 AT28BV16-30
Symbol Parameter Min Max Min Max Units
tacc Address to Output Delay 250 300 ns
tce M CEto Output Delay 250 300 ns
toe @ OE to Output Delay 100 100 ns
tor &4 CE or OE High to Output Float 0 55 0 55 ns
Output Hold from @, CEor
toH Address, whichever occurred first 0 0 ns
AC Read Waveforms (%34
ADDRESS ADDRESS VALID
CE
tCE —»
OE tOE —»
[ 4——1tDF
44— tOH —»y
—— tACC —»
OUTPUT HIGH Z OUTPUT VALID
Notes: 1. CE may be delayed up to tacc - tce after the address 3. tpr is specified from OE or CE whichever occurs first
transition without impact on tacc. (CL=5pF).

2. OE may be delayed up to tce - tog after the falling 4. This parameter is characterized and is not 100% tested.

edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.

Input Test Waveforms and Output Test Load
Measurement Level Ve,
3.0V
AC AC 1.8K
DRIVING MEASUREMENT OUTPPlf;
LEVELS LEVEL
0.0V 13K 100 pF
tr, tF< 20 ns $
Pin Capacitance (f = 1 MHz, T = 25°C) "
Typ Max Units Conditions
CIN 4 6 pF ViN = 0V
Cout 8 12 pF Vout = 0V

Note: 1. This parameter is characterized and is not 100% tested.

AIMEL




AIMEL

AC Write Characteristics

Symbol Parameter Min Max Units
tas, toes Address, OE Set-up Time 10 ns
tAH Address Hold Time 100 ns
twp Write Pulse Width (WE or aE-) 150 1000 ns
tps Data Set-up Time 100 ns
tDH, tOEH Data, OE Hold Time 10 ns
tcs, tcH CE to WE and WE to CE Set-up and Hold Time 0 ns
twe Write Cycle Time 3.0 ms
toB Time to Device Busy 50 ns
AC Write Waveforms

WE Controlled

CE Controlled
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Data Polling Characteristics "

Symbol Parameter Min Typ Max Units
toH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toe OE to Output Delay @) ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See AC Characteristics.

Data Polling Waveforms
WE

A0 - A10 An X A X An An An
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Ordering Information

tacc lcc (mA) .
Ordering Code Package Operation Range
(ns) Active | Standby
250 8 0.05 AT28BV16-25TC 28T Commercial
AT28BV16-25JC 32J (0°C to 70°C)
AT28BV16-25PC 24P6
AT28BV16-25SC 248
8 0.05 AT28BV16-25TI 28T Industrial
AT28BV16-25J1 32J (-40°C to 85°C)
AT28BV16-25PI 24P6
AT28BV16-25SI 248
300 8 0.05 AT28BV16-30TC 28T Commercial
AT28BV16-30JC 32J (0°C to 70°C)
AT28BV16-30PC 24P6
AT28BV16-30SC 248
8 0.05 AT28BV16-30T]I 28T Industrial
AT28BV16-30J 32J (-40°C to 85°C)
AT28BV16-30PI 24P6
AT28BV16-30SI 24S

Note: 1. See Valid Part Number table below.

Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations
AT28BV16 25 JC, JI, PC, P, SC, SI, TC, Ti
AT28BV16 30 JC, JI, PG, PI, SC, 8I, TC, Tl
Package Type
28T 28 Lead, Plastic Thin Small Outline Package (TSOP)
324 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
24P6 24 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
248 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)
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Features

® 2.7V to 3.6V Supply
Full Read and Write Operation ©7

® Low Power Dissipation

8 mA Active Current

50 LA CMOS Standby Current
Read Access Time - 300 ns
Byte Write - 3 ms
Direct Microprocessor Control

DATA Polling 64K (8K x 8)

READY/BUSY Open Drain Output

@ High Reliability CMOS Technology Battery- Vo ItageTM

Endurance: 100,000 Cycles
Data Retention: 10 Years
® JEDEC Approved Byte-Wide Pinout CMOS

® Commercial and Industrial Temperature Ranges E2 P R O M

Description

The AT28BV64 is a low-voltage, low-power Electrically Erasable and Programmable
Read Only Memory specifically designed for battery powered applications. Its 64K of
memory is organized 8,192 words by 8 bits. Manufactured with Atmel’'s advanced
nonvolatile CMOS technology, the device offers access times to 200 ns with power
dissipation less than 30 mW. When the device is deselected the standby current is
less than 50 pA.

The AT28BV64 is accessed like a Static RAM for the read or write cycles without the
need for external components. During a byte write, the address and data are latched
internally, freeing the microprocessor address and data bus for other operations. Fol-
(continued)

Pin Configurations
PDIP, SOIC Top View

Pin Name Function AN
RDY/BUSY ] 1 28 1 vee
AO - A12 Addresses A2g 2 27 D WE
— A7 3 26 INC
CE Chip Enable A6l 4 25 |1 A8
p— AsC] 5 24 0 A9
OE Output Enable A4 6 23 [0 A11
— - A3l 7 221 OE
WE Write Enable A2C| 8 21{1A10
At 9 20 0 TE
1/00 - /07 Data Inputs/Outputs A0 10 19 [3 107
—_— _— 100 I 11 18 [1 106
RDY/BUSY Ready/Busy Output Vo1 ol 12 175 v0s
voz C| 13 16 [ 1104
NC No Connect GND T 14 15 [0 yos
DC Don’'t Connect
PLCC Top View TSOP Top View
OF 1 28 At0
A1 I 27 B CE
A f 3 26 F o7
A8 da 25 0 1086
Nncd s 24 B yos
WE oo Eh° 7 2 2 E o 1
RDY/BUSY E>a 21 P GND
A24 9 20" F vo2
A7 g 10 19 P 101
A d M 18 __ F oo
A5 d 12 17 P A0
Ae g "3 16 P Al
A3 d 14 15 P A2

/O's1 2 DC3 45
vss

* = RDY/BUSY

0493A
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Description (Continued)

lowing the initiation of a write cycle, the device will go to a
busy state and automatically clear and write the latched
data using an internal control timer. The device includes
two methods for detecting the end of a write cycle, level
detection of RDY/BUSY and DATA polling of 1/07. Once
the end of a write cycle has been detected, a new access
for a read or write can begin.

Block Diagram

Atmel’'s 28BV64 has additional features to ensure high
quality and manufacturability. The device utilizes error cor-
rection internally for extended endurance and for im-
proved data retention characteristics. An extra 32-bytes of
E2PROM are available for device identification or tracking.

Veg — DATA INPUTS/OUTPUTS
GND —— /00 - 1/O7
TITIVEY
OE — __ __ - »>
e OE, CE AND WE DATA LATCH
WE — LOGIC INPUT/OUTPUT
CE — BUFFERS
:: Y DECODER iq Y-GATING
ADDRESS | __| e
INPUTS i CELL MATRIX
X DECODER
—» IDENTIFICATION
Absolute Maximum Ratings*
X o o *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias................. -55°C to +125°C mum Ratings” may cause permanent damage to the device.
o o This is a stress rating only and functional operation of the
Storage Temperature.........c.cccucn.... -65°C to +150°C device at these or any other conditions beyond those indi-
All Input Voltages cated in the operational sections of this specification is not
(including NC Pins) implied. Exposure to absolute maximum rating conditions
. for extended periods may affect device reliability.
with Respect to Ground ................... -0.6V to +6.25V
All Output Voltages
with Respect to Ground ............. -0.6V to Vcc + 0.6V
Voltage on OE and A9
with Respect to Ground ................... -0.6V to +13.5V
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Device Operation

READ: The AT28BV64 is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The outputs are put in a high im-
pedance state whenever CE or OE is high. This dual line
control gives designers increased flexibility in preventing
bus contention.

BYTE WRITE: Writing data into the AT28BV64 is similar
to writing into a Static RAM. A low pulse on the WE or CE
input with OE high and CE or WE low (respectively) initi-
ates a byte write. The address location is latched on the
falling edge of WE (or CE); the new data is latched on the
rising edge. Internally, the device performs a self-clear be-
fore write. Once a byte write has been started, it will auto-
matically time itself to completion. Once a programming
operation has been initiated and for the duration of twc, a
read operation will effectively be a polling operation.

READY/BUSY: Pin 1 is an open drain READY/BUSY
output that can be used to detect the end of a write cycle.
RDY/BUSY is actively pulled low during the write cycle
and is released at the completion of the write. The open
drain connection allows for OR-tying of several devices to
the same RDY/BUSY line.

AImEL

DATA POLLING: The AT28BV64 provides DATA
POLLING to signal the completion of a write cycle. During
a write cycle, an attempted read of the data being written
results in the complement of that data for I/O7 (the other
outputs are indeterminate). When the write cycle is fin-
ished, true data appears on all outputs.

WRITE PROTECTION: Inadvertent writes to the device
are protected against in the following ways. (a) Vcc
sense— if Vcc is below 1.8V (typical) the write function is
inhibited. (b) Vcc power on delay— once Vcc has
reached 2.0V the device will automatically time out 10 ms
(typical) before allowing a byte write. (c) Write Inhibit—
holding any one of OE low, CE high or WE high inhibits
byte write cycles.
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DC and AC Operating Range

AT28BV64-30
Operaﬁng Com. 0°C - 70°C
Temperature (Case) Ind. -40°C - 85°C
Vcc Power Supply 2.7V to 3.6V
Operating Modes
Mode CE OE WE 7o)
Read ViL ViL VIH Dout
Write () ViL ViH ViL DIN
Standby/Write Inhibit ViH x (1 X High Z
Write Inhibit X X VIH
Write Inhibit X ViL X
Output Disable X ViH X High Z

Notes: 1. X can be Vi or Vin.
2. Refer to AC Programming Waveforms.

DC Characteristics

Symbol Parameter Condition Min Max Units
1Lt Input Load Current VIN =0V to Ve + 1.0V 5 nA
Lo Output Leakage Current Vijo =0V to Vce 5 uHA
IsB Ve Standby Current CMOS — CE = Ve - 0.3V to Vee + 1.0V 50 uA
lcc Vcc Active Current AC f=5MHz; lout =0 mA; CE=VIL 8 mA
ViL Input Low Voltage 0.6 \
ViH Input High Voltage 2.0 \
VoL Output Low Voltage loL =1 mA — 0.3 v
loL = 2 mA for RDY/BUSY 0.3 \
VoH Output High Voltage loH =-100 pA 2.0 \"
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AC Read Characteristics

AT28BV64-30
Symbol Parameter Min Max Units
tacc Address to Output Delay 300 ns
tce (¥ CEto Output Delay 300 ns
toE @ OE to Output Delay 0 150 ns
toF @4 CE or OE High to Output Float 0 60 ns
t Output Hold from OE, CE or Address, 0 ns
OH whichever occurred first
AC Read Waveforms 2 %4
ADDRESS ADDRESS VALID ><
CE
tCE —»|
OE tOE —»
| 1 4——1DF &W
—— tOH —»

——— tACC —»

HIGH Z
OUTPUT OUTPUT VALID |—p—
Notes: 1. CE may be delayed up to tacc - tcg after the address 3. tpr is specified from OE or CE whichever occurs first
transition without impact on tacc. (CL=5pF).
2. OE may be delayed up to tce - toe after the falling 4. This parameter is characterized and is not 100% tested.

edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.

Input Test Waveforms and Output Test Load
Measurement Level Voo
Ve - 0.3V
1.8K
DR|VING 0.5x Ve MEASUREMENT OUTF;L[J;
LEVELS LEVEL
1.3K 100 pF
iR, t|= <20 ns ] $
Pin Capacitance (f = 1 MHz, T = 25°C) "
Typ Max Units Conditions
CIN 4 6 pF ViN =0V
Cout 8 12 pF Vout =0V

Note: 1. This parameter is characterized and is not 100% tested.

ATMEL




AC Write Characteristics
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Symbol Parameter Min Max Units
tas, toes Address, OE Set-up Time 10 ns
tAH Address Hold Time 100 ns
twp Write Pulse Width (WE or CE) 150 1000 ns
tps Data Set-up Time 100 ns
tDH, toEH Data, OE Hold Time 10 ns
to Time to Device Busy 50 ns
twe Write Cycle Time 3 ms
AC Write Waveforms
WE Controlled
oE tOES”| EH“‘;—‘
ADDRESS

CE Controlled
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Data Polling Characteristics

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toe OE to Output Delay @ ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See AC Read Characteristics.

Data Polling Waveforms

tWR

An An
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Ordering Information ")

t lcc (mA .

ACC .cc (mA) o\|lae'rtatmg Ordering Code Package Operation Range

(ns) | Active Standby oltage

300 8 0.05 2.7V to 3.6V AT28BV64-30JC 32J Commercial
AT28BV64-30PC 28P6 (0°C to 70°C)
AT28BV64-30SC 28S
AT28BV64-30TC 28T

8 0.05 2.7V to 3.6V AT28BV64-30J1 32J Industrial

AT28BV64-30PI| 28P6 (-40°C to 85°C)
AT28BV64-30SI 28S
AT28BV64-30TI 28T

Note: 1. See Valid Part Number table below.

Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations
AT28BV64 30 JC, JI, PC, PI, SC, SI, TC, TI
Package Type
324 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
28S 28 Lead, 0.300" Wide, Plastic Gull Wing, Small Outline (SOIC)
28T 28 Lead, Plastic Thin Small Outline Package (TSOP)
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Features

Single 3.3V + 10% Supply
3-Volt-Only Read and Write Operation
Software-Protected Programming
Low Power Dissipation
15 mA Active Current
20 pA CMOS Standby Current
Fast Read Access Time — 200 ns
Automatic Page Write Operation
Internal Address and Data Latches for 64-Bytes
Internal Control Timer
® Fast Write Cycle Times
Page Write Cycle Time: 10 ms Maximum
1 to 64-Byte Page Write Operation
® DATA Polling for End of Write Detection
® High Reliability CMOS Technology
Endurance: 10,000 Cycles
Data Retention: 10 Years
® JEDEC Approved Byte-Wide Pinout
® Commercial and Industrial Temperature Ranges

Description

The AT28LV64B is a high-performance electrically erasable programmable read only
memory (EEPROM). Its 64K of memory is organized as 8,192 words by 8 bits. Manu-
factured with Atmel’s advanced nonvolatile CMOS technology, the device offers ac-
cess times to 200 ns with power dissipation of just 54 mW. When the device is dese-

lected, the CMOS standby current is less than 20 pA

The AT28LV64B is accessed like a static RAM for the read or write cycle without the
need for external components. The device contains a 64-byte page register to allow
(continued)

Pin Configurations

PDIP, SOIC
Top View

[w
O
[w
&
=
|
r
d
ga
10
gn
012
cl 13
o 14

ONOO R BN =

|

28

<
A

2525

»
®
| I S I I R I )
Az8
amz

o7
18 [ 1/06
17 3 1/05
16 [1 1/04
15 [ 1/03

TSOP
Top View

Pin Name Function
A0 - A12 Addresses
CE Chip Enable NG
OE Output Enable e
WE Write Enable ne
1/00 - /07 Data Inputs/Outputs :;
NC No Connect /;21
DC Don’t Connect A0
Voo
Vo1
1102
PLC.C GND
Top View
A7 NC VCC NC
A12 DC WE
ar 5 5!
Asg “ 3
LI I
WE
veed), 7
NC 18
Al2d 9
AN L
1415167181920 s 205l
Os 12 DC345 A3 9 4.

GND
Note: PLCC package pins 1 and
17 are DON'T CONNECT.

64K (8K x 8)
Low Voltage
CMOS
EPROM with
Page Write and
Software Data
Protection

0299C
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Description (Continued)

writing of up to 64-bytes simultaneously. During a write cy-
cle, the addresses and 1 to 64-bytes of data are internally
latched, freeing the address and data bus for other opera-
tions. Following the initiation of a write cycle, the device
will automatically write the latched data using an internal
control timer. The end of a write cycle can be detected by
DATA: polling of I/O7. Once the end of a write cycle has
been detected a new access for a read or write can begin.

Atmel's 28LV64B has additional features to ensure high
quality and manufacturability. The device utilizes internal
error correction for extended endurance and improved
data retention characteristics. A software data protection
mechanism guards against inadvertent writes. The device
also includes an extra 64-bytes of E2PROM for device
identification or tracking.

Block Diagram
Veg — DATA INPUTS/OUTPUTS
GND — V00 - Y07
TITTYYY
OE — __ _ o >
WE .| OE, CE AND WE DATA LATCH
LOGIC INPUT/OUTPUT
CE — BUFFERS
' :: Y DECODER > Y-GATING
ADDRESS | __] o
INPUTS Y CELL MATRIX
X DECODER
—> IDENTIFICATION
Absolute Maximum Ratings*
. N . *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias........cccceu... -55°C to +125°C mum Ratings” may cause permanent damage to the device.
o o This is a stress rating only and functional operation of the
Storage Temperature..........cccoeeee. -65°C to +150°C device at these or any other conditions beyond those indi-
All Input Voltages cated in the operational sections of this specification is not
. . . implied. Exposure to absolute maximum rating conditions
(including NC Pins) for extended periods may affect device reliabili
with Respect to Ground ................... -0.6V to +6.25V r nded periods may atlect devi iability.
All Output Voltages
with Respect to Ground ............. -0.6V to Vcc + 0.6V
Voltage on OE and A9
with Respect to Ground ........c.cc....... -0.6V to +13.5V
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Device Operation

READ: The AT28LV64B is accessed like a static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The_outputs are put in the high
impedance state when either CE or OE is high. This dual-
line control gives designers flexibility in preventing bus
contention in their systems.

BYTE WRITE: A low pulse on the WE or CE input with CE
or WE low (respectively) and OE high initiates a write cy-
cle. The address is latched on the falling edge of CE or
WE, whichever occurs last. The data is latched by the first
rising edge of CE or WE. Once a byte write has been
started, it will automatically time itself to completion. Once
a programming operation has been initiated and for the
duration of twc, a read operation will effectively be a poll-
ing operation.

PAGE WRITE: The page write operation of the
AT28LV64B allows 1 to 64-bytes of data to be written into
the device during a single internal programming period. A
page write operation is initiated in the same manner as a
byte write; the first byte written can then be followed by 1
to 63 additional bytes. Each successive byte must be writ-
ten within 100 ps (tsLc) of the previous byte. If the tsLc
limit is exceeded, the AT28LV64B will cease accepting
data and commence the internal programming operation.
All bytes during a page write operation must reside on the
same page as defined by the state of the A6 to A12 inputs.
For each WE high to low transition during the page write
operation, A6 to A12 must be the same.

The AO to A5 inputs specify which bytes within the page
are to be written. The bytes may be loaded in any order
and may be altered within the same load period. Only
bytes which are specified for writing will be written; unnec-
essary cycling of other bytes within the page does not oc-
cur.

DATA POLLING: The AT28LV64B features DATA Polling
to indicate the end of a write cycle. During a byte or page
write cycle an attempted read of the last byte written will
result in the complement of the written data to be pre-
sented on I/O7. Once the write cycle has been completed,
true data is valid on all outputs, and the next write cycle
may begin. DATA Polling may begin at anytime during the
write cycle.

TOGGLE BIT: In addition to DATA Polling, the
AT28LV64B provides another method for determining the
end of a write cycle. During the write operation, succes-
sive attempts to read data from the device will result in
1/06 toggling between one and zero. Once the write has
completed, 1/06 will stop toggling and valid data will be

AIMEL

read. Reading the toggle bit may begin at any time during
the write cycle.

DATA PROTECTION: If precautions are not taken, inad-
vertent writes may occur during transitions of the host sys-
tem power supply. Atmel has incorporated both hardware
and software features that will protect the memory against
inadvertent writes.

HARDWARE PROTECTION: Hardware features protect
against inadvertent writes to the AT28LV648B in the follow-
ing ways: (a) Vcc power-on delay-once Vcg has reached
1.8V (typical) the device will automatically time out 10 ms
(typical) before allowing a write; (b) write inhibit—holding
any one of OE low, CE high or WE high inhibits write cy-
cles; (c) noise filter—pulses of less than 15 ns (typical) on
the WE or CE inputs will not initiate a write cycle.

SOFTWARE DATA PROTECTION: A software-control-
led data protection feature has been implemented on the
AT28LV64B. Software data protection (SDP) helps pre-
vent inadvertent writes from corrupting the data in the de-
vice. SDP can prevent inadvertent writes during power-up
and power-down as well as any other potential periods of
system instability.

The AT28LV64B can only be written using the software
data protection feature. A series of three write commands
to specific addresses with specific data must be presented
to the device before writing in the byte or page mode. The
same three write commands must begin each write opera-
tion. All software write commands must obey the page
mode write timing specifications. The data in the 3-byte
command sequence is not written to the device; the ad-
dresses in the command sequence can be utilized just like
any other location in the device.

Any attempt to write to the device without the 3-byte se-
quence will start the internal write timers. No data will be
written to the device; however, for the duration of twc,
read operations will effectively be polling operations.
DEVICE IDENTIFICATION: An extra 64-bytes of
E2PROM memory are available to the user for device
identification. By raising A9 to 12V *+ 0.5V and using ad-
dress locations 7FCOH to 7FFFH, the additional bytes
may be written to or read from in the same manner as the
regular memory array.
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AT28LV64B-20 AT28LV64B-25
Operating Com. 0°C - 70°C 0°C - 70°C
Temperature (Case) Ind. -40°C - 85°C -40°C - 85°C
Vcc Power Supply 3.3V+10% 3.3V 10%
Operating Modes
Mode CE OE WE Vo
Read ViL VIiL VIH Dout
Write @ ViL ViH ViL DIN
Standby/Write Inhibit ViH x M X High Z
Write Inhibit X X ViH
Write Inhibit X ViL X
Output Disable X ViH X High 2
Chip Erase ViL vy @ Vi HighZ
Notes: 1. X can be Vi_ or Vin. 3.VH=12.0V + 0.5V. 4
2. Refer to AC Programming Waveforms.
DC Characteristics
Symbol Parameter Condition Min Max  Units
Ll Input Load Current ViN=0VtoVce + 1V 10 pA
ILo Output Leakage Current Vijo = 0V to Vee 10 pA
Iss Voo Standby Current CMOS ~ OF = Vo - 0.3V to Vg + 1V —2m: 20 pA
Ind. 50 pA
lcc Vcc Active Current f=5MHz; lour =0 mA 15 mA
Vi Input Low Voltage 0.6 \
VIH Input High Voltage 2.0 \
VoL Output Low Voltage loL=1.6 mA 0.45 \
VoH Output High Voltage loH =-100 pA 2.0 \"
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AC Read Characteristics

AT28LV64B-20 AT28LV64B-25
Symbol Parameter Min Max Min Max Units
tacc Address to Output Delay 200 250 ns
tcg () CE to Output Delay 200 250 ns
tog @ OE to Output Delay 80 0 100 ns
tor 34 | CE or OE to Output Float 55 0 60 ns
Output Hold from OE, CE or Address,
toH whichever occurred first 0 0 ns
AC Read Waveforms (234
ADDRESS ADDRESS VALID
CE
tCE —»
OE N\ de tOE —»|
| ——tDF
¢— tOH —»|
—— tACC —>|
OUTPUT HIGH Z OUTPUT VALID
Notes: 1. CE may be delayed up to tacc - tce after the address 3. tor is specified from OE or ﬁ, whichever occurs first
transition without impact on tacc. (CL=5pF).

2. OE may be delayed up to tck - toe after the falling
edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.

Input Test Waveforms and
Measurement Level

2.4V
AC
DRIVING
LEVELS

tR,tF <20 ns

AC
MEASUREMENT
LEVEL

0.4V

Pin Capacitance (f = 1 MHz, T = 25°C) "

4. This parameter is characterized and is not 100% tested.

Output Test Load

5.0v

1.8K
OouTPUT

PIN
1.3K ;E

100 pF

Typ Max Units Conditions
CiN 4 6 pF VIN =0V
Cout 8 12 pF Vourt =0V

Note: 1. This parameter is characterized and is not 100% tested.

AlmEL
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Symbol Parameter Min Max Units
tas, toes Address, OE Set-up Time 0 ns
tAH Address Hold Time 100 ns
tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 200 ns
tps Data Set-up Time 100 ns
tDH, tOEH Data, OE Hold Time 0 ns
tov Time to Data Valid NR

twPH Write Pulse Width High 100 ns

Notes: 1. NR = No Restriction.
2. All byte write operations must be preceded by the SDP command sequence.

AC Write Waveforms
WE Controlled
OE e
ADDRESS >~
TIAS ] |-—tAH
e tCH
TiCS |
WE M
-~ tWPH
tWP.
- DV — i DS —| tDH |
DATA IN
CE Controlled
OE -
tOES--1 tOEH
ADDRESS
TS| ~—tAH
WE tCH
~Tics
CE
e tWPH—|
tWP.
L {DV— DS —] tDH
DATA IN k
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Page Mode Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tas Address Set-up Time 0 ns
taH Address Hold Time 100 ns
tps Data Set-up Time 100 ns
tpH Data Hold Time 0 ns
twp Write Pulse Width 200 ns
teLc Byte Load Cycle Time 100 us
twpPH Write Pulse Width High 100 ns
. . 1
Write Algorithm ")
LOAD ESTA AA Notes for software program code:
ADDRESS 1555 1. Data Format: 1/07 - 1/00 (Hex);
Address Format: A12 - AO (Hex).
LOAD DATA 55 2. Data protect state will be re-activated at
TO the end of the write cycle.
ADDRESS 0AAA 3. 1to 64-bytes of data are loaded.
LOAD DATA A0
TO
ADDRESS 1555 WRITES ENABLED @
LOAD DATA XX

TO .
ANY ADDRESS @

LOAD LAST BYTE
TO

LAST ADDRESS ENTER DATA
PROTECT STATE
Software Data Protection Write Cycle Waveforms (%%

i

WE /_% tBLC H yau
tAS 1 tDH an
AO - A5 - X BYTE ADDRESS >< g
1555 >< g
A6 - A12 s PAGE ADDRESS, yan
DATA X m ’_‘55 n X XX :
BYTE 0 BYTE 62  BYTE 63
~—twC—
Notes: 1. A0 - A12 must conform to the addressing sequence for 2. A6 through A12 must specify the same page address during
the first three bytes as shown above. each high to low transition of WE (or CE)

after the software code has been entered.
3. OE must be high only when WE and CE are both low.

AIMEL




Data Polling Characteristics "

Symbol Parameter Min Typ Max Units

tDH Data Hold Time 0 ns

toEH OE Hold Time 0 ns

toe OE to Output Delay @ ns

twr Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested. 2. See AC Read Characteristics.

Data Polling Waveforms
WE
CE Y
OE N

tDH —|
tOE HIGH Z tWR
o7

A0 - A12 A X an X An An An
Toggle Bit Characteristics "
Symbol Parameter Min Typ Max Units
toH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toe OE to Output Delay @ ns
tOEHP OE High Pulse 150 ns
twr Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested. 2. See AC Read Characteristics.
Toggle Bit Waveforms
WE

Notes: 1. Toggling either OE or CE or both O and CE will 3. Any address location may be used, but the address
operate toggle bit. should not vary.
2. Beginning and ending state of /06 will vary.
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Ordering Information

tacc Icc (mA) .
Ordering Code Packa (o] tion R
(ns) Active | Standby 9 ge perafion Hange
200 15 0.05 AT28LV64B-20JC 32J Commercial
AT28LV64B-20PC 28P6 (0°C to 70°C)
AT28LV64B-20SC 28S
AT28LV64B-20TC 28T
15 0.05 AT28LV64B-20J1 32J Industrial
AT28LV64B-20PI 28P6 (-40°C to 85°C)
AT28LV64B-20SI 28S
AT28LV64B-20TI 28T
250 15 0.05 AT28LV64B-25JC 32J Commercial
AT28LV64B-25PC 28P6 (0°C to 70°C)
AT28LV64B-25SC 28S
AT28LV64B-25TC 28T
15 0.05 AT28LV64B-25J1 32J Industrial
AT28LV64B-25P| 28P6 (-40°C to 85°C)
AT28LV64B-25SI 283
AT28LV64B-25TI 28T

Note: 1. See Valid Part Number table below.

Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations
AT28LV64B 20 JC, Jl, PC, PI, SC, SI, TC, TI
AT28LV64B 25 JC, Jl, PC, P, SC, SI, TC, Tl
Package Type
32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
28S 28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)
28T 28 Lead, Plastic Thin Small Outline Package (TSOP)

AIMEL
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Features

® Fast Read Access Time - 200 ns
® Automatic Page Write Operation
Internal Address and Data Latches for 64-Bytes
Internal Control Timer
® Fast Write Cycle Times
Page Write Cycle Time: 10 ms Maximum
1 to 64-Byte Page Write Operation
® Low Power Dissipation

15 mA Active Current 256K (32K X 8)

20 1A CMOS Standby Current

® Hardware and Software Data Protection
® DATA Polling for End of Write Detection LOW VOItage
® High Reliability CMOS Technology

Endurance: 10,000 Cycles CM OS

Data Retention: 10 Years

2
® Single 3.3V + 5% Supply E PROM
® JEDEC Approved Byte-Wide Pinout
® Commercial and Industrial Temperature Ranges

Description

The AT28LV256 is a high-performance Electrically Erasable and Programmable
Read Only Memory. Its 256K of memory is organized as 32,768 words by 8 bits.
Manufactured with Atmel’s advanced nonvolatile CMOS technology, the device offers
access times to 200 ns with power dissipation of just 54 mW. When the device is
deselected, the CMOS standby current is less than 200 pA.

The AT28LV256 is accessed like a Static RAM for the read or write cycle without the
need for external components. The device contains a 64-byte page register to allow
writing of up to 64-bytes simultaneously. During a write cycle, the addresses and 1 to

Pin Configurations (continued)
- - PDIP, SOIC
Pin Name Function Top View
ﬁ)_ -Al14 Addresses 1 28 (1 vee
. 2 27 O WE
(_:E Chip Enable 3 26 [J A13
4 251 A8
ﬁ Output Enable 5 240 a9
. 6 23 A1
WE Write Enable 7 22 OE
_ 8 211 A10
1/00 - /07 Data Inputs/Outputs S 20bCE
NC No Connect Ao 0 e
1 18 [ /o8
). 12 17 D Vos
DC Don’'t Connect 13 16 [0 Vo4
GND '} 14 15 [0 VO3
PLCC
Top View
A7 A14 VCC A13
A12 DC WE Tsop
Top View
A1 D-EE 2 1 28 P A10 o
ad 3 26 P yo7
A arad f s 2 2 B yos 1°
WE veeeh ® 7 22 [ yoa "
Al4 Ds 21 p GND
a2d 9 20 P oz
A7 g 10 19 p o1
Asd] " 18 _ b voo
AS q 12 17 p A0
A4 13 6 B A
A3 d 14 15 P A2

iIOs12 DC345
GND

Note: PLCC package pins 1 and 0273E
17 are DON'T CONNECT.
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Description (Continued)

64-bytes of data are internally latched, freeing the address
and data bus for other operations. Following the initiation
of a write cycle, the device will automatically write the
latched data using an internal control timer. The end of a
write cycle can be detected by DATA polling of I/07. Once
the end of a write cycle has been detected a new access
for a read or write can begin.

Block Diagram

Atmel's 28LV256 has additional features to ensure high
quality and manufacturability. The device utilizes internal
error correction for extended endurance and improved
data retention characteristics. An optional software data
protection mechanism is available to guard against inad-
vertent writes. The device also includes an extra 64-bytes
of E2PROM for device identification or tracking.

Vee —» DATA INPUTS/OUTPUTS
GND ——» /o0 - /o7
TTITERY!
OE —| __ o >
WE —» OE, CE AND WE DATA LATCH
— LOGIC INPUT/OUTPUT
E —* BUFFERS
7 Y DECODER > Y-GATING
ADDRESS | __ | d
INPUTS q CELL MATRIX
X DECODER
- IDENTIFICATION
Absolute Maximum Ratings*
X . o *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias................. -55°C to +125°C mum Ratings” may cause permanent damage to the device.
o o This is a stress rating only and functional operation of the
Storage Temperature...........ccccuueee. -65°C to +150°C device at these or any other conditions beyond those indi-
All Input Voltages .cate.d in the operational sections of _this speqification IS not
) . X implied. Exposure to absolute maximum rating conditions
(including NC Pins) for extended periods may affect device reliability
with Respect to Ground ........ccceeuues -0.6V to +6.25V ’
All Output Voltages
with Respect to Ground ............. -0.6V to Vcc + 0.6V
Voltage on OE and A9
with Respect to Ground ................... -0.6V to +13.5V
2146 AT28LV256 meeeeesssssssssssssssssssss—
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Device Operation

READ: The AT28LV256 is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The_outputs are put in the high
impedance state when either CE or OE is high. This dual-
line control gives designers flexibility in preventing bus
contention in their system.

BYTE WRITE: A low pulse on the WE or CE input with CE
or WE low (respectively) and OE high initiates a write cy-
cle. The address is latched on the falling edge of CE or
WE, whichever occurs last. The data is latched by the first
rising edge of CE or WE. Once a byte write has been
started it will automatically time itself to completion. Once
a programming operation has been initiated and for the
duration of twc, a read operation will effectively be a poll-
ing operation.

PAGE WRITE: The page write operation of the
AT28LV256 allows 1 to 64-bytes of data to be written into
the device during a single internal programming period. A
page write operation is initiated in the same manner as a
byte write; the first byte written can then be followed by 1
to 63 additional bytes. Each successive byte must be writ-
ten within 150 pus (tsLc) of the previous byte. If the tsLc
limit is exceeded the AT28LV256 will cease accepting
data and commence the internal programming operation.
All bytes during a page write operation must reside on the
same page as defined by the state of the A6 - A14 inputs.
For each WE high to low transition during the page write
operation, A6 - A14 must be the same.

The A0 to A5 inputs are used to specify which bytes within
the page are to be written. The bytes may be loaded in any
order and may be altered within the same load period.
Only bytes which are specified for writing will be written;
unnecessary cycling of other bytes within the page does
not occur.

DATA POLLING: The AT28LV256 features DATA Polling
to indicate the end of a write cycle. During a byte or page
write cycle an attempted read of the last byte written will
result in the complement of the written data to be pre-
sented on 1/07. Once the write cycle has been completed,
true data is_valid on all outputs, and the next write cycle
may begin. DATA Polling may begin at anytime during the
write cycle.

TOGGLE BIT: In addition to DATA Polling the AT28LV256
provides another method for determining the end of a write
cycle. During the write operation, successive attempts to
read data from the device will result in /06 toggling be-
tween one and zero. Once the write has completed, 1/06
will stop toggling and valid data will be read. Reading the
toggle bit may begin at any time during the write cycle.

AIMEL

DATA PROTECTION: If precautions are not taken, inad-
vertent writes may occur during transitions of the host sys-
tem power supply. Atmel has incorporated both hardware
and software features that will protect the memory against
inadvertent writes.

HARDWARE PROTECTION: Hardware features protect
against inadvertent writes to the AT28LV256 in the follow-
ing ways: (a) Vcc power-on delay - once Vcc has reached
1.8V (typical) the device will automatically time out 10 ms
(typical) before allowing a write: (b) write inhibit - holding
any one of OE low, CE high or WE high inhibits write cy-
cles; (c) noise filter - pulses of less than 15 ns (typical) on
the WE or CE inputs will not initiate a write cycle.

SOFTWARE DATA PROTECTION: A software-control-
led data protection feature has been implemented on the
AT28LV256. Software data protection (SDP) helps pre-
vent inadvertent writes from corrupting the data in the de-
vice. SDP can prevent inadvertent writes during power-up
and power-down as well as any other potential periods of
system instability.

The AT28LV256 can only be written using the software
data protection feature. A series of three write commands
to specific addresses with specific data must be presented
to the device before writing in the byte or page mode. The
same three write commands must begin each write opera-
tion. All software write commands must obey the page
mode write timing specifications. The data in the 3-byte
command sequence is not written to the device; the ad-
dress in the command sequence can be utilized just like
any other location in the device.

Any attempt to write to the device without the 3-byte se-
quence will start the internal write timers. No data will be
written to the device; however, for the duration of twc,
read operations will effectively be polling operations.

DEVICE IDENTIFICATION: An extra 64-bytes of
E2PROM memory are available to the user for device
identification. By raising A9 to 12V + 0.5V and using ad-
dress locations 7FCOH to 7FFFH the additional bytes may
be written to or read from in the same manner as the regu-
lar memory array.
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DC and AC Operating Range

AT28LV256-20 AT28LV256-25
Operating Com. 0°C - 70°C 0°C - 70°C
Temperature (Case) Ind. -40°C - 85°C -40°C - 85°C
Vce Power Supply 3.3V+5% 3.3V 5%
Operating Modes
Mode CE OE WE /O
Read ViL ViL VIH Dout
Write (@) ViL VIH s Din
Standby/Write Inhibit ViH XM X High Z
Write Inhibit X X ViH
Write Inhibit X ViL X
Output Disable X ViH X High Z
Chip Erase ViL vy @ Vi High Z
Notes: 1. X can be Vi or ViH. 3. Vu=12.0V £ 0.5V.
2. Refer to AC Programming Waveforms.
DC Characteristics
Symbol Parameter Condition Min Max  Units
I Input Load Current ViN=0Vto Vce + 1V 10 pA
ILo Output Leakage Current Vo =0V to Vco 10 UA
lsB Ve Standby Current CMOS  F = Vo - 0.3V to Veg + 1V 20 20 A
Ind. 50 nA
Icc Vce Active Current f=5 MHZ; lout = 0 mA 15 mA
Vi Input Low Voltage 0.6 \
ViH Input High Voltage 20 Vv
VoL Output Low Voltage loL=1.6 mA 0.3 \
VoH Output High Voltage loH =-100 A 2.0 \"
2148 AT28LV256 meeessss—————
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AC Read Characteristics

AT28LV256-20 AT28LV256-25
Symbol Parameter Min Max Min Max Units
tacc Address to Output Delay 200 250 ns
tce (1) CE to Output Delay 200 250 ns
toe @ | OE to Output Delay 0 80 0 100 ns
tor @4 | CE or OE to Output Float 0 55 0 60 ns
Output Hold from OE, CE or
toH Address, whichever occurred first 0 0 ns
AC Read Waveforms ("2 3 4
ADDRESS < ApDREssVALID [
CE
{CE ——»f
OF tOE —»]
| l&——1DF
— tOH —¥y
—— tACC —P>
OUTPUT HIGH 2 OUTPUT VALID
Notes: 1. CE may be delayed up to tacc - tce after the address 3. tpr is specified from OE or CE whichever occurs first
transition without impact on tacc. (CL=5pF).

2. OE may be delayed up to tce - tog after the falling 4. This parameter is characterized and is not 100% tested.

edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.

Input Test Waveforms and Output Test Load
Measurement Level 5.0V

2.4V

AC AC oK

DRIVING 15V MEASUREMENT OUTRN
LEVELS LEVEL

0.4V 1.3K 100 pF
tR, tF< 20 ns

Pin Capacitance (f = 1 MHz, T = 25°C) "

Typ Max Units Conditions
CiN 4 6 pF ViN =0V
Cout 8 12 pF Vout = 0V

Note: 1. This parameter is characterized and is not 100% tested.

AIMEL




AC Write Characteristics

AIMEL

Symbol Parameter Min Max Units
tas, tOES Address, OE Set-up Time 0 ns
taH i Address Hold Time 50 ns
tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (_Vﬁ or CE) 200 ns
tos Data Set-up Time 50 ns
tDH, tOEH Data, OE Hold Time 0 ns
tov Time to Data Valid NR ()
Note: 1. NR = No Restriction

AC Write Waveforms

WE Controlled

CE Controlled

2-150

OE A
ADDRESS -
TS| ——tAH
CE tCH
TCs
WE
l~tWPH ‘—J
tWP.
|~ DV — i~ tDS —| tDH |
DATA IN
OE .
tOES tOEH
ADDRESS
TtAS | |—tAH
WE tCH
RN
CE
e fWPH—-|
tWP.
e {DV— - {DS | tDH
DATA IN t
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Page Mode Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tas Address Set-up Time 0 ns
tAH Address Hold Time 50 ns
tos Data Set-up Time 50 ns
toH Data Hold Time 0 ns
twp Write Pulse Width 200 ns
teLc Byte Load Cycle Time 150 us
twPH Write Pulse Width High 100 ns

Programming Algorithm

LOAD DATA AA
TO
ADDRESS 5555

Notes:
1. Data Format: I/O7 - /00 (Hex);

LOAD DATA 55

ADDRESS 2AAA

Address Format: A14 - AO (Hex).
2. Data protect state will be re-activated at the end of program
cycle.

3. 1to 64-bytes of data are loaded.

LOAD DATA A0
TO
ADDRESS 5555

WRITES ENABLED ®

LOAD DATA XX

TO
ANY ADDRESS

LOAD LAST BYTE
TO
LAST ADDRESS @

ENTER DATA

PROTECT STATE

Software Protected Write Cycle Waveforms %

— —

OE
N A N AN A AN A
WE % \tBLCJ 1 / o

1S tDH
~
/;
A0 - A5 XBYTE ADDRESS >< P
A6 - A14 = X o
- PAGE ADDRESS g
DS r
/L._
DATA >< AA 55 A0 >< >< >< g
BYTE 0 BYTE 62  BYTE 63

= twC—

Notes: 1. AO - A14 must conform to the addressing sequence for 2. A6 through A14 must specify the same page address during
the first three bytes as shown above. each high to low transition of WE (or CE) after the software

code has been entered. _
3. OE must be high only when WE and CE are both low.

ATMEL




Data Polling Characteristics "

Symbol Parameter Min Typ Max Units
toH Data Hold Time 0 ns
toEH OE Hold Time 0 ns
toE OE to Output Delay @) ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested. 2. See AC Read Characteristics.
Data Polling Waveforms
WE /

tDH -~
1OE  HIGHZ
Vo7
A0 - A14 An An X An An X An>

Toggle Bit Characteristics "

Symbol Parameter Min Typ Max Units
toH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toe OE to Output Delay @ ns
toEHP OE High Pulse 150 ns
twr Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested. 2. See AC Read Characteristics.
Toggle Bit Waveforms
WE

tWR

Notes: 1. Toggling either OE or CE or both OE and CE will 3. Any address location may be used but the
operate toggle bit. address should not vary.
2. Beginning and ending state of 1/06 will vary.
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NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs.
s TEMPERATURE oo SUPPLY VOLTAGE
N e I N '5
o \ o
"2 | r
m | moes : B
R | | n
: \ U] R —— e
e 104 R e
d | d
0.75
) 0.9 |
c c
C o8 C o050
-40 -10 3.00 315 3.30 3.45 3.60
Temperature (C) Supply Voltage (V)

NORMALIZED SUPPLY CURRENT vs.

ADDRESS FREQUENCY
': 11 I ( I _._l
r:‘ 1.0 1 ‘
T 09 | . /K!
: 0.8 / '
d Vee =3V i
07 ~ T=25C

¢
C 06

0 1 2 3 4 5

Frequency (MHz)
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Ordering Information

tacc Icc (mA) ;
Ordering Code Package Operation Range
(ns) Active | Standby 9 9 P 9
200 80 0.2 AT28LV256-20JC 32J Commercial
AT28LV256-20PC 28P6 (0°C to 70°C)
AT28LV256-20SC 28S
AT28LV256-20TC 28T
80 0.2 AT28LV256-20J1 32J Industrial
AT28LV256-20P| 28P6 (-40°C to 85°C)
AT28LV256-208I 28S
AT28LV256-20TI 28T
250 80 0.2 AT28LV256-25JC 32J Commercial
AT28LV256-25PC 28P6 (0°C to 70°C)
AT28LV256-255C 28S
AT28LV256-25TC 28T
80 0.2 AT28LV256-25J1 32J Industrial
AT28LV256-25P! 28P6 (-40°C to 85°C)
AT28LV256-25SI 28S
AT28LV256-25TI - 28T

Note: 1. See Valid Part Number table below.

Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations

AT28LV256 20 JC, JI, PC, PI, SC, SI, TC, Ti

AT28LV256 25 JC, I, PC, PI, SC, SI, TC, T
Package Type

324 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)

28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)

288 28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)

28T 28 Lead, Plastic Thin Small Outline Package (TSOP)
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Features

® Single 3.3V + 10% Supply
® Fast Read Access Time - 200 ns
® Automatic Page Write Operation
Internal Address and Data Latches for 128-Bytes
Internal Control Timer
® Fast Write Cycle Time
Page Write Cycle Time - 10 ms Maximum
1 to 128-Byte Page Write Operation
® Low Power Dissipation

15 mA Active Current 1 Megabit
° Harflevgfe(;nr?c? g:ftsv‘:: %:;rsrr;ection (1 28K X 8)
[ D_I-\TA qulirfg. for End of Write Detection
o MRl oS Ty Low Voltage
° ‘(j: EDI?Ct:aAF:)::re:\:%:::mB}?e-YV?I?:;E Pinout . Pzaged CM OS
® Commercial and Industrial Temperature Ranges E PRO M
Description

The AT28LV010 is a high-performance 3-volt only Electrically Erasable and Program-
mable Read Only Memory. Its 1 megabit of memory is organized as 131,072 words
by 8 bits. Manufactured with Atmel's advanced nonvolatile CMOS technology, the
device offers access times to 200 ns with power dissipation of just 54 mW. When the
device is deselected, the CMOS standby current is less than 20 pA.

Pin Configurations (continued)
Pin Name Function PDIP
AO - A16 Addresses Top View
CE Chip Enable xed 1 2hvee
Y= A6 2 31[IWE
OE Output Enable wsd o obNG
WE Write Enable 20 4 20 1 A14
A7l 8 28 [JA13
Data A6C| & 27 0 A8
1/00 - /107 AsC| 7 26 (1 A9
Inputs/Outputs el s o
NC No Connect A3l 9 24 [JOE
A2(] 10 23 [1A10
DC Don’t Connect Al 11 22(1TE
A0} 12 210 vo7
oo 13 20 [ /06
I/O‘la 14 19 D vos
o2} 15 18 [J /04
PLCC GND | 16 17 103
Top View - -
A12 A16VCC_NC
A15 DC_WE TSOP
Top View
A 1 % P OE
oL B npe
NCAMEG 5 28 27;"06 zo;
vce WEE 8 7 % 25 ] vo4 1703
NC g 9 24 P GND
Al6 gq10 23 p /o2
A12 A15E 12 " 2 21 :\' vor 1700
A7 Y 13 20 F A0
It a“ 15 Is‘sj,\z Al
Ad I .16 17 P A3

0395A
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Description (Continued)

The AT28LV010 is accessed like a Static RAM for the
read or write cycle without the need for external compo-
nents. The device contains a 128-byte page register to al-
low writing of up to 128-bytes simultaneously. During a
write cycle, the address and 1 to 128-bytes of data are
internally latched, freeing the address and data bus for
other operations. Following the initiation of a write cycle,
the device will automatically write the latched data using
an internal control timer. The end of a write cycle can be
detected by DATA polling of I/07. Once the end of a write
cycle has been detected a new access for a read or write
can begin.

Block Diagram

Atmel’'s 28LV010 has additional features to ensure high
quality and manufacturability. The device utilizes internal
error correction for extended endurance and improved
data retention characteristics. Software data protection is
implemented to guard against inadvertent writes. The de-
vice also includes an extra 128-bytes of E2PROM for de-
vice identification or tracking.

Ve ——» DATA INPUTS/OUTPUTS
GND ——» _ /00 - 1/07
IITTIYY.
OE — __ o >
WE —» OE, CE AND WE DATA LATCH
— LOGIC INPUT/OUTPUT
CE — BUFFERS
) :’ Y DECODER d Y-GATING
ADDRESS | | d
INPUTS q CELL MATRIX
X DECODER
- —> IDENTIFICATION
Absolute Maximum Ratings*
) o N *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias................. -55°C to +125°C mum Ratings” may cause permanent damage to the device.
o o This is a stress rating only and functional operation of the
Storage Temperature.........ccceeeenen -65°C to +150°C device at these or any other conditions beyond those indi-
All Input Voltages pateq in the operational sections of }his spegification |s not
. - - implied. Exposure to absolute maximum rating conditions
(including NC Pins) for extended periods may affect device reliability
with Respect to Ground ............c...... -0.6V to +6.25V ’
All Output Voltages
with Respect to Ground ............. -0.6V to Vcc + 0.6V
Voltage on OE and A9
with Respect to Ground .........ccc.... -0.6V to +13.5V
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Device Operation

READ: The AT28LV010 is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The outputs are put in the high
impedance state when either CE or OE is high. This dual-
line control gives designers flexibility in preventing bus
contention in their system.

WRITE: The write operation of the AT28LV010 allows 1 to
128-bytes of data to be written into the device during a
single internal programming period. Each write operation
must be preceded by the software data protection (SDP)
command sequence. This sequence is a series of three
unique write command operations that enable the internal
write circuitry. The command sequence and the data to be
written must conform to the software protected write cycle
timing. Addresses are latched on the falling edge of WE or
CE, whichever occurs last and data is latched on the rising
edge of WE or CE, whichever occurs first. Each succes-
sive byte must be written within 150 ps (tsLc) of the pre-
vious byte. If the tgLc limit is exceeded the AT28LV010 will
cease accepting data and commence the interal program-
ming operation. If more than one data byte is to be written
during a single programming operation, they must reside
on the same page as defined by the state of the A7 - A16
inputs. For each WE high to low transition during the page
write operation, A7 - A16 must be the same.

The A0 to A6 inputs are used to specify which bytes within
the page are to be written. The bytes may be loaded in any
order and may be altered within the same load period.
Only bytes which are specified for writing will be written;
unnecessary cycling of other bytes within the page does
not occur.

DATA POLLING: The AT28LV010 features DATA Polling
to indicate the end of a write cycle. During a byte or page
write cycle an attempted read of the last byte written will
result in the complement of the written data to be pre-
sented on I/O7. Once the write cycle has been completed,
true data is_valid on all outputs, and the next write cycle
may begin. DATA Polling may begin at anytime during the
write cycle.

AIMEL

TOGGLE BIT: In addition to DATA Polling the AT28LV010
provides another method for determining the end of a write
cycle. During the write operation, successive attempts to
read data from the device will result in /06 toggling be-
tween one and zero. Once the write has completed, 1/06
will stop toggling and valid data will be read. Reading the
toggle bit may begin at any time during the write cycle.

DATA PROTECTION: If precautions are not taken, inad-
vertent writes may occur during transitions of the host sys-
tem power supply. Atmel has incorporated both hardware
and software features that will protect the memory against
inadvertent writes.

HARDWARE PROTECTION: Hardware features protect
against inadvertent writes to the AT28LV010 in the follow-
ing ways: (a) Vcc power-on delay - once Vcc has reached
2.0V (typical) the device will automatically time out 5 ms
(typical) before allowing a write: (b) write inhibit - holding
any one of OE low, CE high or WE high inhibits write cy-
cles; (c) noise filter - puises of less than 15 ns (typical) on
the WE or CE inputs will not initiate a write cycle.

SOFTWARE DATA PROTECTION: The AT28LV010 in-
corporates the industry standard software data protection
(SDP) function. Unlike standard 5-volt only E2PROM'’s,
the AT28LV010 has SDP enabied at all times. Therefore,
all write operations must be preceded by the SDP com-
mand sequence.

The data in the 3-byte command sequence is not written
to the device; the addresses in the command sequence
can be utilized just like any other location in the device.
Any attempt to write to the device without the 3-byte se-
quence will start the internal timers. No data will be written
to the device. However, for the duration of twc, read op-
erations will effectively be polling operations.
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DC and AC Operating Range

AT28LV010-20 AT28LV010-25
Operating Com. 0°C -70°C 0°C -70°C
Temperature (Case) |pq. -40°C - 85°C .40°C - 85°C
Vcc Power Supply 3.3Vt 5% 3.3V +10%
Operating Modes
Mode CE OE WE /0
Read ViL ViL ViH Dout
Write (@ Vi ViH Vi Din
Standby/Write Inhibit ViH x M X High Z
Write Inhibit X X ViH ' '
Write Inhibit ' X ViL X
Output Disable X ViH X High Z
Notes: 1. X can be ViL or V4.
2. Refer to AC Programming Waveforms.
DC Characteristics
Symbol Parameter Condition Min Max Units
W] Input Load Current ViN =0V to Vce 1 A
Lo Output Leakage Current Viio =0V to Vcc 1 pA
lss Vce Standby Current CMOS  CE = Vo - 0.3V to Ve + 1V com. 20 L
Ind. 50 nA
lcc Vcc Active Current f =5 MHz; lout = 0 mA; Ve = 3.6V 15 mA
ViL Input Low Voltage 0.8 \'
ViH Input High Voltage 2.0 \%
VoL Output Low Voltage loL = 1.6 mA; Vcc = 3.0V .45 Y,
VoH Output High Voltage loH = -100 pA; Ve = 3.0V 2.4 Vv
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AC Read Characteristics

AT28LV010-20 AT28LV010-25
Symbol Parameter Min Max Min Max Units
tacc Address to Output Delay 200 250 ns
tce (1 CE to Output Delay 200 250 ns
tog @ OE to Output Delay 0 80 0 100 ns
tor 34 CE or OE to Output Float 0 55 0 60 ns
Output Hold from OE, CE or
toH Address, whichever occurred 0 0 ns
first
1,2,8,4
AC Read Waveforms )
ADDRESS X ADDRESS VALID
— .
CE
tCE —¥
— —»
OE tOE
|/ le——1tDF —»
e—— tOH —»
—— tACC —»
HIGH
OUTPUT GHZ OUTPUT VALID p—p—
Notes: 1. CE may be delayed up to tacc - tck after the address 3. tp is specified from OE or CE whichever occurs first
transition without impact on tacc. (CL = 5pF).
2. OE may be delayed up to tce - tog after the falling 4. This parameter is characterized and is not 100% tested.
edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.
Input Test Waveforms and Output Test Load
Measurement Level sov
3.0V
AC AC h OUTPUT
DRIVING MEASUREMENT PIN
LEVELS LEVEL
0.0V 100 pF

1.3K
tr, tF<5ns $

Pin Capacitance (f = 1 MHz, T = 25°C)

Typ Max Units Conditions
CIN 4 6 pF ViN =0V
Court 8 12 pF Vout = 0V

Note: 1. This parameter is characterized and is not 100% tested.
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AC Write Characteristics "

AIMEL

Symbol Parameter Min Max Units
tAs, tOES Address, OE Set-up Time 0 ns
tAH Address Hold Time 100 ns
tcs . Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (Wé or .CE) 200 ns
tps Data Set-up Time 100 ns
tDH, toEH Data, OE Hold Time 10 ns

Note: 1. All write operations must be preceded by the SDP command sequence.

AC Write Waveforms
WE Controlled

CE Controlled

2-160

OE L
tOES tOEH
ADDRESS
" AST L_tAH
CE tCH
~ics T |
WE
-~ tWPH -j
tWP——
tDS —| |~———1DH
DATA IN /{‘
OE L
tOES tOEH
ADDRESS
TTIAS | |-—tAH
WE tCH
_ "iesT |
CE
e tWPH
tWP.
e~ tDV— - 1DS | tDH '
DATA IN
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Software Protected Write Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tas Address Set-up Time 0 ns
taH Address Hold Time 100 ns
tos Data Set-up Time 100 ns
toH Data Hold Time 10 ns
twp Write Pulse Width 200 ns
tBLC Byte Load Cycle Time 150 us
tWPH Write Pulse Width High 100 ns
Programming Algorithm
LOAD DATA AA
TO Notes:
ADDRESS 5555 1. Data Format: /07 - /00 (Hex);
Address Format: A14 - AO (Hex).
LOAD DATA 55 2. Data protect state will be re-activated at the end of program
cycle.
ADDRESS 2AM\ 3. 110 128-bytes of data are loaded.
LOAD DATA A0
TO
ADDRESS 5555 WRITES ENABLED @
]
LOAD DATA XX

TO
ANY ADDRESS ©

LOAD LAST BYTE
TO .
LAST ADDRESS ©

ENTER DATA
PROTECT STATE

Software Protected Program Cycle Waveforms
OE

e /TN

(1,2,3)

T

WP | tWPH BLC
wE r—\_/J;L_/_/
WE \ Jt 1 /
tAS
tAH
A0 - A6 ><BYTE ADDRESS ><
/;
2AAA 5555
AT - A16 X Pace ADDRESS
1S DH
t
/;
DATA X m 55 1( s X X ‘
BYTE 0 BYTE 126  BYTE 127
= twgc —=

Notes: 1. AO - A14 must conform to the addressing sequence for the first 3-bytes as shown above.
2. After the command sequence has been issued and a page write operation follows, the page address inputs (A7 - A16)
must be the same for each high to low transition of WE (or CE).
3. OE must be high only when WE and CE are both low.
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Data Polling Characteristics

Symbol Parameter Min Typ Max Units

iDH Data Hold Time 10 ns

tOEH OE Hold Time 10 ns

toE OE to Output Delay @ ns

twr Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested. 2. See AC Read Characteristics.

Data Polling Waveforms
WE

—

tDH |
tOE HIGH Z
1107

A0 - A16 An An X An An X An>

Toggle Bit Characteristics "’

Symbol Parameter Min Typ Max Units

tDH Data Hold Time 10 ns

toEH OE Hold Time 10 ns

toe OE to Output Delay @ ns

toEHP OE High Pulse 150 ns

twr Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested. 2. See AC Read Characteristics.

Toggle Bit Waveforms

tWR

Notes: 1. Toggling either OE or CE or both OE and CE will 3. Any address location may be used but the
operate toggle bit. address should not vary.

2. Beginning and ending state of /06 will vary.
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Ordering Information "

tacc Icc (mA) .
- Ordering Code Package Operation Range
(ns) Active ' | Standby
200 15 0.2 AT28LV010-20JC 32J Commercial
AT28LV010-20PC 32P6 (0° to 70°C)
AT28LV010-20TC 32T
15 0.2 AT28LV010-20J1 32J Industrial
AT28LV010-20P!I 32P6 (-40° to 85°C)
AT28LV010-20TI 32T
250 15 0.2 AT28LV010-25JC 32J Commercial
AT28LV010-25PC 32P6 (0° to 70°C)
AT28LV010-25TC 32T
15 0.2 AT28LV010-25J1 . 324 Industrial
AT28LV010-25PI 32P6 (-40° to 85°C)
AT28LV010-25TI 32T

Note: 1. See Valid Part Number table below.

Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations
AT28LV010 20 JC,JI, PC, P, TC, TI
AT28LVO10 25 JC, JI, PC, PI, TC, TI
4
™
Package Type
32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
32P6 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
32T 32 Lead, Plastic Thin Small Outline Package (TSOP)

ATMEL 263
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Features

® Fast Read Access Time - 150 ns
® Fast Byte Write - 200 ps or 1 ms
® Self-Timed Byte Write Cycle
Internal Address and Data Latches
Internal Control Timer
Automatic Clear Before Write
® Direct Microprocessor Control
DATA POLLING
® Low Power
30 mA Active Current
100 nA CMOS Standby Current
High Reliability
Endurance: 10* or 10° Cycles
Data Retention: 10 Years
5V + 10% Supply
CMOS & TTL Compatible Inputs and Outputs
JEDEC Approved Byte Wide Pinout
Commercial and Industrial Temperature Ranges

Description

The AT28C16 is a low-power, high-performance Electrically Erasable and Program-
mable Read Only Memory with easy to use features. The AT28C16 is a 16K memory
organized as 2,048 words by 8 bits. The device is manufactured with Atmel’s reliable
nonvolatile CMOS technology.

The AT28C16 is accessed like a static RAM for the read or write cycles without the
need of external components. During a byte write, the address and data are latched

A . . (continued)
Pin Configurations
Pin Name Function
AQ - A10 Addresses
CE Chip Enable
OE Output Enable
WE Write Enable
1/00 - 1107 Data Inputs/Outputs
NC No Connect
DC Don't Connect
PLCC PDIP, SOIC
Top View Top View
A7 NC VCC_NC A
Ne Do WE A7C1 2411 vee
A6l 2 23(7 A8
A5 3 220 A9
ALl 4 21 I WE
A3L]5 20 [0 OF
A2C6 19 1 A10
ag7 180 CE
A0C]8 17 B o7
oo |9 16 [0 1106
vo10] 10 151 /05
Vo's 1 2GN3°3 45 o2 11 14 0 /04
« - ROY/BUSY GND ] 12 132 1/03

Note: PLCC package pins 1 and
17 are DON'T CONNECT.

AIMEL

16K (2K x 8)
CMOS
E2PROM

0540A
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Description (Continued)

internally, freeing the microprocessor address and data
.. bus for other operations. Following the initiation of a write
cycle, the device will go to a busy state and automatically
clear and write the latched data using an internal control
timer. The end of a write cycle can be determined by
DATA POLLING of /07, Once the end of a write cycle has
been detected, a new access for a read or a write can
begin.

Block Diagram

The CMOS technology offers fast access times of 150 ns
at low power dissipation. When the chip is deselected the
standby current is less than 100 pA.

Atmel’s 28C16 has additional features to ensure high
quality and manufacturability. The device utilizes error cor-
rection internally for extended endurance and for im-
proved data retention characteristics. An extra 32-bytes of
E2PROM are available for device identification or tracking.

Ve —» DATA INPUTS/OUTPUTS
GND —» /00 - 407
TTTYEEY
OE —| __ _ o >
e OF, CE AND WE DATA LATCH
— LOGIC INPUT/OUTPUT
CE — BUFFERS
:: Y DECODER > Y-GATING
ADDRESS | __] i
INPUTS q CELL MATRIX
X DECODER
= IDENTIFICATION
Absolute Maximum Ratings*
. o . *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias................. -55°C to +125°C mum Ratings” may cause permanent damage to the device.
o o This is a stress rating only and functional operation of the
Storage Temperature...........c.ccooeue. -65°C to +150°C device at these or any other conditions beyond those indi-
Al Input Voltages f:ate.d in the operational sections of _this speqiﬁca’(ion |s not
. . . implied. Exposure to absolute maximum rating conditions
(including NC Pins) for extended periods may affect device reliability
with Respect to Ground ................... -0.6V to +6.25V ’
All Output Voltages
with Respect to Ground ............. -0.6V to Vce + 0.6V
Voltage on OE and A9
with Respect to Ground ................... -0.6V to +13.5V
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Device Operation

READ: The AT28C16 is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The outputs are put in a high im-
pedance state whenever CE or OE is high. This dual line
control gives designers increased flexibility in preventing
bus contention.

BYTE WRITE: Writing data into the AT28C16 is similar to
writing into_a Static RAM. A low pulse on the WE or CE
input with OE high and CE or WE low (respectively) initi-
ates a byte write. The address location is latched on the
last falling edge of WE (or CE); the new data is latched on
the first rising edge. Internally, the device performs a self-
clear before write. Once a byte write has been started, it
will automatically time itself to completion. Once a pro-
gramming operation has been initiated and for the dura-
tion of twc, a read operation will effectively be a polling
operation.

FAST BYTE WRITE: The AT28C16E offers a byte write
time of 200 ps maximum. This feature allows the entire
device to be rewritten in 0.4 seconds.

DATA POLLING: The AT28C16 provides DATA POLL-
ING to signal the completion of a write cycle. During a
write cycle, an attempted read of the data being written
results in the complement of that data for /07 (the other
outputs are indeterminate). When the write cycle is fin-
ished, true data appears on all outputs.

AIMEL

WRITE PROTECTION: Inadvertent writes to the device
are protected against in the following ways. (a) vcc
sense— if Vcc is below 3.8V (typical) the write function is
inhibited. (b) Vcc power on delay— once Vcc has
reached 3.8V the device will automatically time out 5 ms
(typical) before allowing a byte write. (c) Write Inhibit—
holding any one of OE low, CE high or WE high inhibits
byte write cycles.

CHIP CLEAR: The contents of the entire memory of the
AT28C16 may be set to the high state by the CHIP CLEAR
operation. By setting CE low and OE to 12 volts, the chip
is cleared when a 10 msec low pulse is applied to WE.

DEVICE IDENTIFICATION: An extra 32-bytes of
E2PROM memory are available to the user for device
identification. By raising A9 to 12 + 0.5V and using ad-
dress locations 7EOH to 7FFH the additional bytes may be
written to or read from in the same manner as the regular
memory array.
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DC and AC Operating Range

AT28C16-15
Operating Com. 0°C - 70°C
Temperature (Case) Ind. -40°C - 85°C
Vcc Power Supply 5V+10%
Operating Modes
Mode CE OE WE Vo
Read ViL ViL VIH Dour
Write (@ ViL ViH Vi DiN
Standby/Write Inhibit ViH xM X High Z
Write Inhibit X X ViH
Write Inhibit X ViL X
Output Disable X VIH X High Z
Chip Erase ViL vy ® ViL High Z
Notes: 1. X can be VL or ViH. 3. VH=12.0V£0.5V.
2. Refer to AC Programming Waveforms.
DC Characteristics
Symbol Parameter Condition Min Max  Units
I Input Load Current Vin=0Vto Vce + 1V 10 pA
Lo Output Leakage Current Vo =0V to Veo 10 HA
IsB1 Ve Standby Current CMOS  CE = Ve - 0.3V to Vee + 1.0V 100 uA
— Com. 2 A
IsB2 Vcc Standby Current TTL CE =2.0V to Vcc + 1.0V om m
Ind. 3 mA
= . = Com. 30 mA
lec Vcc Active Current AC f(_};Es_l\\/l/Hz, lout = 0 mA om
=ViL Ind. 45 mA
ViL Input Low Voltage 0.8 \"
VIH Input High Voltage 2.0 Vv
VoL Output Low Voltage loL=2.1 mA 4 \
VoH Output High Voltage loH = -400 nA 2.4 \
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AC Read Characteristics

AT28C16-15
Symbol Parameter Min Max Units
tacc Address to Output Delay 150 ns
tce CE to Output Delay 150 ns
toe @ OE to Output Delay 10 70 ns
toF @4 CE or OE High to Output Float 50 ns
t Output Hold from 6@, CE or Address, 0 ns
OH whichever occurred first
AC Read Waveforms (234
ADDRESS ADDRESS VALID
CE
tCE —f
— tOE —> —
OE |V le—wF
— tOH —»
[—— tACC —P>
OUTPUT HIGH 2 OUTPUT VALID

Notes: 1. CE may be delayed up to tacc - tce after the address
transition without impact on tacc.
2. OE may be delayed up to tcE - toe after the falling
edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.

Input Test Waveforms and
Measurement Level

3.0V
AC AC
DRIVING MEASUREMENT
LEVELS LEVEL
0.0v
iR, tF <20 ns

Pin Capacitance (f = 1 MHz, T = 25°C) "

3. tpr is specified from OE or CE whichever occurs first

(CL =5 pF).

4. This parameter is characterized and is not 100% tested.

Output Test Load

5.0V

1.8K

Typ Max Units Conditions
CiN 4 6 pF VIN = 0V
Cout 8 12 pF Vout = 0V

Note: 1. This parameter is characterized and is not 100% tested.

AIMEL
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AC Write Characteristics

Symbol Parameter Min Typ Max Units
tas, toes Address, OE Set-up Time 10 ns
tAH Address Hold Time 50 ns
twp Write Pulse Width (WE or CE) 100 1000 ns
tbs Data Set-up Time 50 ns
tDH, tOEH Data, OE Hold Time 10 ns
tcs, tcH CE to WE and WE to CE Set-up and Hold Time 0 ns
e Write Cycle Time AT28C16 0.5 1.0 ms
AT28C16E 100 200 us

AC Write Waveforms

WE Controlled
OE o _:‘ .
tOES tOEH

ADDRESS K
AS | |——tAH
o tCH

twp

DS __|

-——4DH7——W

twC

OE e .
tOES tOEH
ADDRESS
tAS | |——tAH

WE _j} tCH L
tCS |

CE

CE Controlled

N

twp
DS _|

DATA IN l‘
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Data Polling Characteristics ("

Symbol Parameter Min Typ Max Units
toH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toe OE to Output Delay @) ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See AC Characteristics.

Data Polling Waveforms

WE -
—

tOEH ,
oF ANV VAR
DH —
tOE
Vo7
ya
A0 - A10 An An X An An X An

Chip Erase Waveforms

VIH — ‘
CE —\

i
l
ViL i
l

VH
OE

VIH - 1S

VIH

VIL
ts = th = 1 psec (min.)
tw = 10 msec (min.)
Vh=12.0V 0.5V

AIMEL
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NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs.
1s TEMPERATURE e SUPPLY VOLTAGE
N T N
0 0 !
r; 12N r:1 1.2 |
? 14 T /
; ; 10
e 1.0 \"\ e
d d
o8 \\ | 08
c c
C os C o6 I
-55 -25 5 35 65 95 125 450 ] 5.00 5.25 5.50
Temperature (C) Supply Voltage (V)
NORMALIZED SUPPLY CURRENT vs. NORMALIZED ACCESS TIME vs.
. ADDRESS FREQUENCY N 125 OUTPUT LOAD
N T .
Z 1.0 ,; 1204 o
h 09 e — : 115 T=25¢ //
. 08 — s 110 / |
d Vee =5V d L~
| 07 T=25¢ t 1.05 /
c A
C o8 ‘ 2 1.00
0 1 2 3 4 5 100 200 300 400
Frequency (MHz) Output Load (pF)
OUTPUT SINK CURRENT vs. OUTPUT SOURCE CURRENT vs.
OUTPUT VOLTAGE o OUTPUT VOLTAGE
o s o
1
u I u — |
b ® / p a0 —
u 40 7 u \
c % / ¢ \
u // u Vce =5V \
r 20 veTev o T=25C \
; 10 / T=25C ;
rt‘ 0 ? 0
0 1 2 3 4 0 1 2 3 4 5
Output Voltage (V) Output Voltage (V)
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Ordering Information "

t lcc (MA

(:‘:): Acti:: ( Sta)ndby Ordering Code Package Operation Range

150 30 0.1 AT28C16(E)-15JC 32J Commercial
AT28C16(E)-15PC 24P6 (0°C to 70°C)
AT28C16(E)-15SC 248

45 0.1 AT28C16(E)-15J1 32J Industrial

AT28C16(E)-15PI 24P6 (-40°C to 85°C)
AT28C16(E)-15SI 24S

250 30 0.1 AT28C16-W DIE Commercial

(0°C to 70°C)

Notes: 1. See Valid Part Number table below.
2. The 28C16 200 ns and 250 ns speed selections have been removed from valid selections table and are replaced by
the faster 150 ns Taa offering.
3. The 28C16 ceramic package offerings have been removed. New designs should utilize the 28C256 ceramic
offerings.

Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations
AT28C16 15 JC, JI, PC, PI, SC, SI
AT28C16E 15 JC, JI, PC, PI, SC, SI
AT28C16 - w

Package Type
324 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
24P6 24 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
24S 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)
w Die

Options

Blank Standard Device: Endurance = 10K Write Cycles; Write Time = 1 ms
E High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 ps

AIMEL
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Features

@ Ideal Rewriteable Attribute Memory
® Simple Write Operation
Self-Timed Byte Writes
On-chip Address and Data Latch for SRAM-like Write Operation
Fast Write Cycle Time -1 ms
5-Volt-Only Nonvolatile Writes
® End of Write Detection
RDY/BUSY Output
DATA Polling
@ High Reliability
Endurance: 100,000 Write Cycles
Data Retention: 10 Years Minimum
Single 5-Volt Supply for Read and Write
Very Low Power
30 mA Active Current
100 uA Standby Current

Description

The AT28C16-T is the ideal nonvolatile attribute memory: it is a low power, 5-volt-only
byte writeable nonvolatile memory (E2PROM). Standby current is typically less than
100 pA. The AT28C16-T is written like a Static RAM, eliminating complex program-
ming algorithms. The fast write cycle times of 1 ms, allow quick card reconfiguration
in-system. Data retention is specified as 10 years minimum, precluding the necessity
for batteries. Three access times have been specified to allow for varying layers of
buffering between the memory and the PCMCIA interface.

The AT28C16-T is accessed like a Static RAM for read and write operations. During
a byte write, the address and data are latched internally. Following the initiation of a
write cycle, the device will go to a busy state and automatically write the latched data
using an internal control timer. The device provides two methods for detecting the end
of a write cycle; the RDY/BUSY output and DATA POLLING of I/O7.

Pin Configurations

TSOP
Pin Name Function Top View
é(_)_ - A10 Addresses NG 5A§“@ B ; :: 27 g :;: cE
CE Chip Enable A8 Ncg 4. uBE yos 08
pu— WE d 6 23 P 1704
OE Output Enable b
— i RDY/BUSY VCCE>B 4 22 o 8 Y03 oD
WE Write Enable a7 N 40 ? 20 g | V02 /o1
A6 S 1" 18 E 100

1/00 - 1107 Data Inputs/Outputs A5 ad s 67 Ea A

—— A3 dq 14 15 p A2
RDY/BSY Ready/Busy Output
NC No Connect

AIMEL

16K (2K x 8)
PCMCIA

Nonvolatile
Attribute
Memory
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Block Diagram

Voo —» DATA INPUTS/OUTPUTS
GND —» /00 - 107
Adpadnrgd
—O'E' —_— o »
—- | OE, CE AND WE DATA LATCH
WE LOGIC INPUT/OUTPUT
E BUFFERS
— ~—| Y DECODER > Y.GATING'
ADDR >
INPUTS | —|  CELL MATRIX
X DECODER
N IDENTIFICATION

Absolute Maximum Ratings*

. N o *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias................. -55°C to +125°C mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the

Storage Temperature...........c..cccev.e. -65°C to +125°C device at these o any other conditions beyond those indi-

All Input Voltages cated in the operational sections of this specification is not

(including NC Pins) implied. Exposure to absolute maximum rating conditions
Ry for extended periods may affect device reliability.

with Respect to Ground ................... -0.6V to +6.25V

All Output Voltages

with Respect to Ground ............. -0.6V to Vcc + 0.6V

Voltage on OE and A9

with Respect to Ground .............c..... -0.6V to +13.5V
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Device Operation

READ:The AT28C16-T is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location detemined by the address pins is
asserted on the outputs. The outputs are put in a high im-
pedance state whenever CE or OE is high. This dual-line
control gives designers increased flexibility in preventing
bus contention.

BYTE WRITE: Writing data into the AT28C16-T is similar
to writing into a Static RAM. A low pulse on WE or CE input
with OE high and CE or WE low (respectively) initiates a
byte write. The address is latched on the falling edge of
WE or CE (whichever occurs last) and the data is latched
on the rising edge of WE or CE (whichever occurs first).
Once a byte write is started it will automatically time itself
to completion. For the AT28C16-T the write cycle time is 1
ms maximum. Once a programming operation has been
initiated and for the duration of twc, a read operation will
effectively be a polling operation.

READY/BUSY: Pin 1 is an open drain READY/BUSY out-
put that indicates the current status of the self-timed inter-
nal write cycle. READY/BUSY is actively pulled low during
the write cycle and is released at the completion of the
write. The open drain output allows OR-tying of several
devices to a common interrupt input.

AMMEL

DATA POLLING: The AT28C16-T also provides DATA
polling to signal the completion of a write cycle. During a
write cycle, an attempted read of the the data being written
results in the complement of that data for /07 (the other
outputs are indeterminate). When the write cycle is fin-
ished, true data appears on all ouputs.

WRITE PROTECTION: Inadvertent writes to the device
are protected against in the following ways: (a) Vcc
sense— if Vcc is below 3.8V (typical) the write function is
inhibited; (b) Vcc power on delay— once Vcc has
reached 3.8V the device will automatically time out 5 ms
(typical) before allowing a byte write; (c) Write Inhibit—
holding any one of OE low, CE high or WE high inhibits
byte write cycles.

CHIP CLEAR: The contents of the entire memory of the
AT28C16-T may be set to the high state by the Chip Clear
operation. By setting CE low and OE to 12V, the chip is
cleared when a 10ms low pulse is applied to WE.
DEVICE IDENTIFICATION: An extra 32-bytes of
E2PROM memory are available to the user for device
identifcation. By raising Ag to 12V (+ 0.5V) and using ad-
dress locations 7EOH to 7FFH the additional bytes may be
written to or read from in the same manner as the regular
memory array.
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DC and AC Operating Range

AT28C16-15T
Operaﬁng Com. 0°C -70°C
Temperature (Case) Ind. -40°C - 85°C
Vce Power Supply 5V +10%

Operating Modes

Mode CE OE WE Vo

Read Vi ViL VIH Dout

Write (@) Vi ViH \ . Din

Standby/Write Inhibit Vin x M X High Z

Write Inhibit X X VIH

Write Inhibit X ViL X

Output Disable X ViH X High Z

Chip Erase Vi vy @ ViL High Z
Notes: 1. X can be ViL or V. 3.Vu=12.0V£0.5V.

2. Refer to AC Programming Waveforms.

DC Characteristics

Symbol Parameter Condition Min Max Units
] Input Load Current ViN =0V to Vce + 1V 10 A
Lo Output Leakage Current Vijo =0V to Vce 10 A
Iss1 Vce Standby Current CMOS — CE = Ve - 0.3V to Veg + 1.0V 100 pA
IsB2 Vece Standby Current TTL CE =2.0V to Vcc + 1.0V Com. 2 mA
Ind. 3 mA
lcc Vcc Active Current f=5MHz; louT = 0 mA Com. 80 mA
Ind. 45 mA
ViL Input Low Voltage 0.8 Y
VIH Input High Voltage 2.0 \Y
VoL Output Low Voltage loL=2.1mA 4 Y%
VoH Output High Voltage loH = -400 pA 2.4 \Y
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AC Read Characteristics

PCMCIA Atmel AT28C16-15T
Symbol Symbol Parameter Min Max Units
tc (R) tRC Read Cycle Time 150 ns
ta (A) tacc Address Access Time 150 ns
ta (CE) tog (M CE Access Time 150 ns
ta (OE) toe @ OE Access Time 0 75 ns
ten (CE) Lz @) Output Enable Time From CE 0 ns
ten (OE) toLz @) Output Enable Time From OE 0 ns
tv (A) toH Output Hold Time 0 ns
tois (CE) toF @4 Output Disable Time From CE 0 50 ns
tpis (OE) tor & 4 Output Disable Time From OE 0 50 ns
AC Read Waveforms ("234
tt R) ——
ADDRESS
ta (A) — ty (A)
oE r ta (CE) —»
le—tgy (CE)— tos (CE)
oe «—t, (OE)4—»
tey (OE) tois (OE)
Dour

Notes: 1. CE may be delayed up to tacc - tce after the address
transition without impact on tacc.
2. OE may be delayed up to tce - tog after the falling
edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.

(CL=5PpF).

Output Test Load

5.0v

Input Test Waveforms and
Measurement Level

3.0v
< MEASUREMENT
LEVEL

3. tpr is specified from OE or CE whichever occurs first

4. This parameter is characterized and is not 100% tested.

DRIVING OUTPPLIJ;
LEVELS
13K 100 pF
tR,tF<5ns
Pin Capacitance (f = 1 MHz, T = 25°C) "
Typ Max Units Conditions
CiN 4 6 pF VIN =0V
Cout 8 12 pF Vourt = 0V
Note: 1. This parameter is characterized and is not 100% tested.

AIMEL
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AC Write Characteristics

PCMCIA Atmel
Symbol Symbol Parameter Min Max Units
tsu (A) tAs Address Setup Time 10 ns
tsu (OE-WE) | toes Output Disable Time To WE 10 ns
tsu (CE-WE) | tcs Chip Enable Time To WE 0 ns
tw (WE) twp Write Enable Pulse Width 100 1000 ns
tsu (D-WEH) | tos Data Setup To WE High 50 ns
tH (A) taH Address Hold Time From WE 50 ns
tn (D) tDH Data Hold Time From WE High 10 ns
tH (OE-WE) toEH Output Enable Hold Time From WE High 10 ns
th (CE-WE) tcH Chip Enable Hold Time From WE High 0 ns
tp (B) tos Delay From WE High To BUSY Asserted 50 ns
tc (W) twe Write Cycle Time 1 ms
AC Write Waveforms
ADDRESS }< 7/
ty (A) | v
& *—»:su (CE-WE) 1,, (CE-WE) 1/
OE .
m#ﬁ——»tsu (OE-WE) v (OEWE) , l,
WE i
tsy (D-WEH) je——>e——> 1, (D)
Dy 1/
1 (B)
RDY/BUSY "1\—//—— o
tc W)
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Data Polling Waveforms

N
~

tr ™
D—H—M* e HiGH z
1107 7

A0 - A10 Ay, X Ay X Ay

Note: 1. Data Polling AC Timing Characteristics are the same as the AC Read Characteristics.

Chip Erase Waveforms

VIH —
CE \\
VIL -
VH ]
OE /
VIH - 1S HoO—
VIH ——
WE
VIL

ts =ty = 1 usec (min.) W

tw = 10 msec (min.)
Vu=12.0+0.5V

- A

AIMEL
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Ordering Information "

tacc Icc (mA) . .
- Ordering Code Package Operation Range
(ns) Active | Standby
150 30 0.1 AT28C16-15TC 28T Commercial
(0°C to 70°C)
45 0.1 AT28C16-15TI 28T Industrial
(-40°C to 85°C)

Notes: 1. See Valid Part Number table below.

2. The 28C16 200 ns and 250 ns speed selections have been removed from valid selections table and are replaced by
the faster 150 ns Taa offering.

Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations
AT28C16 15 TC, TI

Package Type
28T I 28 Lead, Plastic Thin Small Outline Package (TSOP)
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Features

® Fast Read Access Time - 150 ns
® Fast Byte Write - 200 us or 1 ms
® Self-Timed Byte Write Cycle
Internal Address and Data Latches
Internal Control Timer
Automatic Clear Before Write
® Direct Microprocessor Control
DATA POLLING
READY/BUSY Open Drain Output
® Low Power
30 mA Active Current
100 pa CMOS Standby Current
High Reliability
Endurance: 10* or 10° Cycles
Data Retention: 10 Years
5V +10% Supply
CMOS & TTL Compatible Inputs and Outputs
JEDEC Approved Byte Wide Pinout
Commercial and Industrial Temperature Ranges

LN NN J

Description

The AT28C17 is a low-power, high-performance Electrically Erasable and Program-
mable Read Only Memory with easy to use features. The AT28C17 is a 16K memory
organized as 2,048 words by 8 bits. The device is manufactured with Atmel’s reliable
nonvolatile CMOS technology.

. . . (continued)
Pin Configurations

Pin Name Function

A0 - A10 Addresses

CE Chip Enable

OE Output Enable

WE Write Enable

1/00 - 1/07 Data Inputs/Outputs
RDY/BUSY Ready/Busy Output

NC No Connect
DC Don’t Connect
PLCC
PDIP, SOIC Top View
Top View A7 * VCC NC
NC
]
RDY/BUSY ] 1 28 l:’ VvCC
NC O 2 27 0 WE 5
A7 d 3 26 0 NC 3
A6 O 4 25 0 A8 8
A5 O 5 24 0 A9 9
A4 6 23 b NG 10
A3 7 22 0 OE 11
A28 21 0 A10 12
A1C 9 20 O CE 13 21
A0 O 10 19 0 yo7 14"516"718"%20
voo O 11 18 D 106 .
o1 d 12 170 vos Vo's 1 2GNgca 45
102 4 13 16 [0 /04
GND O 14 15 0 o3 * = RDY/BUSY

Note: PLCC package pins 1 and
17 are DON'T CONNECT.

AIMEL

AT28C17

16K (2K x 8)
CMOS
E2PROM

0541A
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Description (Continued)

The AT28C17 is accessed like a static RAM for the read
or write cycles without the need of external components.
During a byte write, the address and data are latched in-
ternally, freeing the microprocessor address and data bus
for other operations. Following the initiation of a write cy-
cle, the device will go to a busy state and automatically
clear and write the latched data using an internal control
timer. The device includes two methods for detecting the
end of a write cycle, level detection of RDY/BUSY and
DATA POLLING of I/O7. Once the end of a write cycle has
been detected, a new access for a read or a write can
begii.

Block Diagram

The CMOS technology offers fast access times of 150 ns
at low power dissipation. When the chip is deselected the
standby current is less than 100 pA.

Atmel's 28C17 has additional features to ensure high
quality and manufacturability. The device utilizes error cor-
rection internally for extended endurance and for im-
proved data retention characteristics. An extra 32-bytes of
E2PROM are available for device identification or tracking.

Vee — DATA INPUTS/OUTPUTS
GND —» 1/00 - /07
taateesas
OE —> __ __ S
WE OE, CE AND WE DATA LATCH
— LOGIC INPUT/OUTPUT
E —* BUFFERS
" Y DECODER > Y-GATING
ADDRESS | —, 4
INPUTS g CELL MATRIX
X DECODER
L — IDENTIFICATION
Absolute Maximum Ratings*
. N . *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias................. -55°C to +125°C mum Ratings” may cause permanent damage to the device.
Storage Temperature...........coueeue. -65°C to +150°C ZZ:ISI cI: :tst::: Lﬁt:fyog‘ti':g;%?ﬁggg ilezzi?iﬁ:sgir;-
All Input Voltages f:atefi in the operational sections of .this spegiﬁcation IS not
- . - implied. Exposure to absolute maximum rating conditions
(including NC Pins) for extended periods may affect device reliability
with Respect to Ground ................... -0.6V to +6.25V ’
All Output Voltages
with Respect to Ground ............. -0.6V to Vcc + 0.6V
Voltage on OE and A9
with Respect to Ground ..........ccco..... -0.6V to +13.5V
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Device Operation

READ: The AT28C17 is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The outputs are put in a high im-
pedance state whenever CE or OE is high. This dual line
control gives designers increased flexibility in preventing
bus contention.

BYTE WRITE: Writing data into the AT28C17 is similar to
writing into a Static RAM. A low pulse on the WE or CE
input with OE high and CE or WE low (respectively) initi-
ates a byte write. The address location is latched on the
last falling edge of WE (or CE); the new data is latched on
the first rising edge. Internally, the device performs a self-
clear before write. Once a byte write has been started, it
will automatically time itself to completion. Once a pro-
gramming operation has been initiated and for the dura-
tion of twc, a read operation will effectively be a polling
operation.

FAST BYTE WRITE: The AT28C17E offers a byte write

time of 200 us maximum. This feature allows the entire
device to be rewritten in 0.4 seconds.

READY/BUSY: Pin 1 is an open drain READY/BUSY
output that can be used to detect the end of a write cycle.
RDY/BUSY is actively pulled low during the write cycle
and is released at the completion of the write. The open
drain connection allows for OR-tying of several devices to
the same RDY/BUSY line.

AImEL

DATA POLLING: The AT28C17 provides DATA POLL-
ING to signal the completion of a write cycle. During a
write cycle, an attempted read of the data being written
results in the complement of that data for /07 (the other
outputs are indeterminate). When the write cycle is fin-
ished, true data appears on all outputs.

WRITE PROTECTION: Inadvertent writes to the device
are protected against in the following ways. (a) Vcc
sense— if Vce is below 3.8V (typical) the write function is
inhibited. (b) Vcc power on delay— once Vcc has
reached 3.8V the device will automatically time out 5 ms
(typical) before allowing a byte write. (c) Write Inhibit—
holding any one of OE low, CE high or WE high inhibits
byte write cycles.

CHIP CLEAR: The contents of the entire memory of the
AT28C17 may be set to the high state by the CHIP CLEAR
operation. By setting CE low and OE to 12 volts, the chip
is cleared when a 10 msec low puise is applied to WE.
DEVICE IDENTIFICATION: An extra 32-bytes of
E2PROM memory are available to the user for device
identification. By raising A9 to 12 + 0.5V and using ad-
dress locations 7EOH to 7FFH the additional bytes may be
written to or read from in the same manner as the regular
memory array.
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DC and AC Operating Range

AT28C17-15
Operating Com. 0°C - 70°C
Temperature (Case) Ind. -40°C - 85°C
Vcc Power Supply 5V +10%
Operating Modes
Mode CE OE WE /0
Read ViL ViL VIH Dout
Write (@) ViL ViH ViL DiN
Standby/Write Inhibit ViH x M X High Z
Write Inhibit X X ViH
Write Inhibit X ViL X
Output Disable X VIH X High Z
Chip Erase ViL vy @ ViL High Z
Notes: 1. X can be Vi or ViH. 3.Vu=12.0V +0.5V.
2. Refer to AC Programming Waveforms.
DC Characteristics
Symbol Parameter Condition Min Max Units
] Input Load Current ViIN=0Vto Vce + 1V 10 pA
Lo Output Leakage Current Vijo =0V to Vcc 10 A
IsB1 Vcc Standby Current CMOS CE = Vce- 0.3V to Vee + 1.0V 100 uA
e Com. 2 mA
IsB2 Vcc Standby Current TTL CE =2.0Vto Vce + 1.0V
Ind. 3 mA
- . = Com. 30 A
lcc Vcc Active Current AC %‘EE’_'\\A/HZ’ lour =0 mA i
=ViL Ind. 45 mA
ViL Input Low Voltage 0.8 \
VIH Input High Voltage 2.0 Vv
loL=2.1 mA
VoL Output Low Voltage = 4.0 for RDY/BUSY 4 \
VoH Output High Voltage loH = -400 pA 2.4 \
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AC Read Characteristics

AT28C17-15
Symbol Parameter Min Max Units
tacc Address to Output Delay 150 ns
tce M CE to Output Delay 150 ns
toe @ OE to Output Delay 10 70 ns
toF © 4 CE or OE High to Output Float 0 50 ns
ton Output Hold from ﬁ, CE or ) 0 ns
Address, whichever occurred first
AC Read Waveforms ("% %
ADDRESS ADDRESS VALID [

tCE —»

BE E —» -
OE to
‘ | 1 4——1{DF —¥
‘e—— {OH —»

[&——— tACC ——»

HIGH Z

OUTPUT OUTPUT VALID p—p—
Notes: 1. CE may be delayed up to tacc - tce after the address 3. tor is specified from OE or CE whichever occurs first
transition without impact on tacc. (CL=5pF).
2. OE may be delayed up to tck - tok after the falling 4. This parameter is characterized and is not 100% tested.

edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.

Input Test Waveforms and Output Test Load
Measurement Level 5.0V
3.0v
AC AC 1.8K
DRIVING 1.5V MEASUREMENT ouTR
LEVELS LEVEL
0.0V 13K 100 pF
iR, tF <20 ns i
Pin Capacitance (f = 1 MHz, T = 25°C) "
Typ Max Units Conditions
CiN 4 6 pF VIN = OV
Cout 8 12 pF VouTt = 0V

Note: 1. This parameter is characterized and is not 100% tested.
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AC Write Characteristics

Symbol Parameter Min Typ Max Units
tas, toES Address, OE Set-up Time 10 ns
tAH Address Hold Time 50 ns
twp Write Pulse Width (ﬁ or CE) 100 1000 ns
tbs Data Set-up Time 50 ns
tDH, tOEH Data, OE Hold Time 10 ns
tcs, tcH CE to WE and WE to CE Set-up and Hold Time 0 ns
tpB Time to Device Busy 50 s
We Write Cycle Time AT28C17 0.5 1.0 ms
AT28C17E 100 200 us
AC Write Waveforms
WE Controlled
OE

CE Controlled

2-188

ADDRESS
|——tAH
tCH

tAS |

ﬁ
: tcs |

WE

twpP

tDS__| . _tDH
oAT_n D R S

RDY/BUSY ~—tDB vj\—__/ —

twC

=~ _P
tOES tOEH

N

OE . AN
10ES 1OEH

ADDRESS
o tAS | |——tAH
WE ‘*—‘D tCH

CE

twp

DS __|

-——tDH
oo —

RDY/BUSY pr— N ¢

twe

N
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Data Polling Characteristics "

Symbol Parameter Min Typ Max Units
toH Data Hold Time 10 ns
tOEH OE Hold Time 10 ns
toe OE to Output Delay @) ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See AC Read Characteristics.

Data Polling Waveforms

WE
CE SN NN T
tOEH
OF | /
tDH 1O tWR
1107 \_/—/

A0 - A10 An An X An An > An)

Chip Erase Waveforms

VIH -

VIL o
|
VH i
OE

VIH tS tH -

I <
VIH
VIL N

\

ts =tH = 1 usec (min.)
tw = 10 msec (min.)
VH=12.0V 0.5V
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NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs.
's TEMPERATURE ia SUPPLY VOLTAGE
NIRE NI T ,,
Ex 12N :1:1 1.2
:T . | T ‘/
1 1 1.0
{10 ~_ ; —
d d !
| 09 \\‘ \ 0.8} I S
c c
C os C os
55 25 5 35 65 95 125 450 475 5.00 5.25 5.50
Temperature (C) Supply Voltage (V)
NORMALIZED SUPPLY CURRENT vs. NORMALIZED ACCESS TIME vs.
, ADDRESS FREQUENCY N 125 OUTPUT LOAD
N T . - _
3‘ 1.0 ,:, 1.20 ——
? 0.9 e — | : 115 T=25¢ ,/
: z
e 08 e 110 L
d Vce =5V d
, 07 T=25C t10s)
c A
C o6 g 1.00
0 1 2 3 4 5 100 200 300 400
Frequency (MHz) Output Load (pF)
OUTPUT SINK CURRENT vs. OUTPUT SOURCE CURRENT vs.
o OUTPUT VOLTAGE o OUTPUT VOLTAGE
o o —
u e —— u e —
; ? // ~ ; 30 \\ _____
v 9 / \ N
Y c \
u // u Vce =5V \
P Voo =5V ;10 e N\
; 10 / T=26C ;
o o
0 1 2 3 4 0 1 2 3 4 5
Output Voltage (V) Output Voltage (V)
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Ordering Information

tacc Icc (mA) . ;
- Ordering Code Package Operation Range

(ns) Active | Standby

150 30 0.1 AT28C17(E)-15JC 32J Commercial
AT28C17(E)-15PC 28P6 (0°C to 70°C)
AT28C17(E)-15SC 28S

45 0.1 AT28C17(E)-15J1 32J Industrial

AT28C17(E)-15PI 28P6 (-40°C to 85°C)
AT28C17(E)-15SI 288

250 30 0.1 AT28C17-W DIE Commercial

(0°C to 70°C)

Notes: 1. See Valid Part Number table below.
2. The 28C17 200 ns and 250 ns speed selections have been removed from valid selections table and are replaced by
the faster 150 ns Taa offering.
3. The 28C17 ceramic and LCC package offerings have been removed. New designs should utilize the 28C256 ceramic
offerings.

Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations
AT28C17 15 JC, JI, PC, PI, SC, SI
AT28C17E 15 JC, JI, PC, PI, SC, SI
AT28C17 - W

Package Type
32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
28S 28 Lead, 0.300" Wide, Plastic Gull Wing, Small Outline (SOIC)
w Die

Options

Blank Standard Device: Endurance = 10K Write Cycles; Write Time = 1 ms
E High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 ps

AIMEL
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Features

® Fast Read Access Time - 120 ns

® Fast Byte Write - 200 us or 1 ms

® Self-Timed Byte Write Cycle
Internal Address and Data Latches
Internal Control Timer
Automatic Clear Before Write

® Direct Microprocessor Control
READY/BUSY Open Drain Output
DATA Polling

® Low Power 64K (8K X 8)

30 mA Active Current

100 LA CMOS Standby Current CMOS
High Reliability . s 2

Endurance: 10" or 10° Cycles

Data Retention: 10 Years E P R 0 M
5V = 10% Supply
CMOS and TTL Compatible Inputs and Outputs
JEDEC Approved Byte-Wide Pinout
Commercial and Industrial Temperature Ranges

Description

The AT28C64 is a low-power, high-performance 8,192 words by 8 bit nonvolatile
Electrically Erasable and Programmable Read Only Memory with popular, easy to
use features. The device is manufactured with Atmel’s reliable nonvolatile technol-
ogy.

(continued)

Pin Configurations

PDIP, SOIC

Pin Nam Function .
Name 2 Top View
A0 - A12 Addresses
— RDY/BUSY  ——_—
CE Chip Enable (orNC) f 1 280 vce
— A2 2 27p WE
OE Output Enable A7Q 3 260 NC
— - A6 T 4 250 A8
WE Write Enable As Q) 5 240 Ag
A6 230 A11
1100 - 1107 Data Inputs/Outputs A3 7 2200 OF
—— —— A28 21p A0
RDY/BUSY | Ready/Busy Output A1l 9 200 TE
A0 O 10 190 vo7
NC No Connect voo d 11 181 106
vo1 g 12 170 yos
DC Don't Connect o2 ¢ 13 160 104
eNefie  BPwes cc, PLCC
’
Top View
TSOP
Top View
»\1265521 B b A e
A9 o3 26 b yo7
A8 d 4 25 B 1106
Ne g 5 24 B yos
ngcchs7 2223§V°3 Vo4
RDY/BUSY De 21 B GND
SRR -] 20 | o2
A7 g 10 19 P 1101
Asd 1 18 _ F oo
A5 d 12 17 B A0
s ME L BEEAM 1o's 1 2vs%c“ 5

* = RDY/BUSY (or NC)

Note: PLCC package pins 1 and
17 are DON'T CONNECT. 0001F
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Description (Continued)

The AT28C64 is accessed like a Static RAM for the read
or write cycles without the need for external components.
During a byte write, the address and data are latched in-
ternally, freeing the microprocessor address and data bus
for other operations. Following the initiation of a write cy-
cle, the device will go to a busy state and automatically
clear and write the latched data using an internal control
timer. The device includes two methods for detecting the
end of a write cycle, level detection of RDY/BUSY (unless
pin 1 is N.C.) and DATA POLLING of I/O7. Once the end
of a write cycle has been detected, a new access for a
read or write can begin.

The CMOS technology offers fast access times of 120 ns
at low power dissipation. When the chip is deselected the
standby current is less than 100 pA.

Atmel's 28C64 has additional features to ensure high
quality and manufacturability. The device utilizes error cor-
rection internally for extended endurance and for im-
proved data retention characteristics. An extra 32-bytes of
E2PROM are available for device identification or tracking.

Block Diagram
Veg ——» DATA INPUTS/OUTPUTS
GND —» /00 - 1/07
EYIYEEY
OE — __ __ o >
WE OE, CE AND WE DATA LATCH
— LOGIC INPUT/OUTPUT
CE BUFFERS
— Y DECODER > Y-GATING
ADDRESS | —| ~
INPUTS 4 CELL MATRIX
X DECODER
— IDENTIFICATION
Absolute Maximum Ratings*
X o o *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias................. -55°C to +125°C mum Ratings” may cause permanent damage to the device.
o o This is a stress rating only and functional operation of the
Storage Temperature...........cocueue.ee. -65°C to +150°C device at these or any other conditions beyond those indi-
All Input Voltages cated in the operational sections of this specification is not
. - . implied. Exposure to absolute maximum rating conditions
(including NC Pins) for extended periods may affect device reliability.
with Respect to Ground ................... -0.6V to +6.25V ’
All Output Voltages
with Respect to Ground ............. -0.6V to Vcc + 0.6V
Voltage on OE and A9
with Respect to Ground ................... -0.6V to +13.5V

2-194

AT28C64/X me————————————————



s A T28C64/X

Device Operation

READ: The AT28C64 is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The outputs are put in a high im-
pedance state whenever CE or OE is high. This dual line
control gives designers increased flexibility in preventing
bus contention.

BYTE WRITE: Writing data into the AT28C64 is similar to
writing into_a Static RAM. A low pulse on the WE or CE
input with OE high and CE or WE low (respectively) initi-
ates a byte write. The address location is latched on the
falling edge of WE (or CE); the new data is latched on the
rising edge. Internally, the device performs a self-clear be-
fore write. Once a byte write has been started, it will auto-
matically time itself to completion. Once a programming
operation has been initiated and for the duration of twc, a
read operation will effectively be a polling operation.

FAST BYTE WRITE: The AT28C64E offers a byte write
time of 200 us maximum. This feature allows the entire
device to be rewritten in 1.6 seconds.

READY/BUSY: Pin 1 is an open drain READY/BUSY
output that can be used to detect the end of a write cycle.
RDY/BUSY s actively pulled low during the write cycle
and is released at the completion of the write. The open
drain connection allows for OR-tying of several devices to
the same RDY/BUSY line. Pin 1 is not connected for the
AT28C64X.

AIMEL

DATA POLLING: The AT28C64 provides DATA POLL-
ING to signal the completion of a write cycle. During a
write cycle, an attempted read of the data being written
results in the complement of that data for I/O7 (the other
outputs are indeterminate). When the write cycle is fin-
ished, true data appears on all outputs.

WRITE PROTECTION: Inadvertent writes to the device
are protected against in the following ways. (a) Vcc
sense— if Ve is below 3.8V (typical) the write function is
inhibited. (b) Vcc power on delay— once Vcc has
reached 3.8V the device will automatically time out 5 ms
(typical) before allowing a byte write. (c) Write Inhibit—
holding any one of OE low, CE high or WE high inhibits
byte write cycles.

CHIP CLEAR: The contents of the entire memory of the
AT28C64 may be set to the high state by the CHIP CLEAR
operation. By setting CE low and OE to 12 volts, the chip
is cleared when a 10 msec low pulse is applied to WE.
DEVICE IDENTIFICATION: An extra 32-bytes of
E2PROM memory are available to the user for device
identification. By raising A9 to 12 + 0.5V and using ad-
dress locations 1FEOH to 1FFFH the additional bytes may
be written to or read from in the same manner as the regu-
lar memory array.
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DC and AC Operating Range

AT28C64-12 AT28C64-15 AT28C64-20 AT28C64-25
Operating Com. 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C
Temperature (Case)  |pq, -40°C - 85°C -40°C - 85°C -40°C - 85°C -40°C - 85°C
Vcc Power Supply 5V +10% 5V £ 10% 5V +10% 5V +10%
Operating Modes
Mode CE OE WE {/[e)
Read ViL ViL ViH Dout
Write (@) ViL ViH ViL Din
Standby/Write Inhibit ViH x M X High Z
Write Inhibit X X ViH
Write Inhibit X ViL X
Output Disable X VIH X High Z
Chip Erase ViL vy @ ViL High Z
Notes: 1. X can be Vi or V. 3. V4 =12.0V£0.5V.

2. Refer to AC Programming Waveforms.

DC Characteristics

Symbol Parameter Condition Min Max Units
Il Input Load Current ViN=0Vto Vce + 1V 10 pA
ILo Output Leakage Current Vo =0V to Vce 10 pA
IsB1 Vcc Standby Current CMOS CE = Vce - 0.3V to Vge + 1.0V 100 pA
— Com. 2 A
IsB2 Vcc Standby Current TTL CE =2.0Vto Vcec + 1.0V om m
Ind. 3 mA
= : = Com. 30 A
Icc Vcc Active Current AC %‘EE’_"\/}HZ’ lour =0 mA m
=Vi Ind. 45 mA
ViL Input Low Voltage 0.8 \
ViH Input High Voltage 2.0 \
loL=2.1mA
VoL Output Low Voltage = 4.0 mA for RDY/BUSY .45 Vv
VoH Output High Voltage loH = -400 pA 2.4 \
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AC Read Characteristics

AT28C64-12 | AT28C64-15 | AT28C64-20 | AT28C64-25
Symbol Parameter Min Max Min Max Min Max Min Max Units
tacc Address to Output Delay 120 150 200 250 ns
tee (¥ CE to Output Delay 120 150 200 250 | ns
toe @ OE to Output Delay 10 60 10 70 10 80 10 100 | ns
tor &9 CE or OE High to Output 0 45 0 50 0 55 0 60 ns
Float
Output Hold from OE, CE
toH or Address, whichever 0 0 0 0 ns
occurred first
1,234
AC Read Waveforms 234
ADDRESS ADDRESS VALID [
CE
tCE —¥
OE F tOE —»|
| 1 «<4——1tDF
—— tOH —P|
——— tACC —»
Hi
OUTPUT GHZ OUTPUT VALID
Notes: 1. CE may be delayed up to tacc - tce after the address 3. toF is specified from OE or CE whichever occurs first
transition without impact on tacc. (CL =5 pF).
2. OE may be delayed up to tce - tog after the falling 4. This parameter is characterized and is not 100% tested.

edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.

Input Test Waveforms and Output Test Load
Measurement Level

5.0v

3.0V 18K

AC AC OUTPUT
DRIVING MEASUREMENT PN
LEVELS LEVEL 100 pF

0.0v

1.3K
tR,tF< 20 ns g

Pin Capacitance (f = 1 MHz, T = 25°C) "

Typ Max Units Conditions
CiN 4 6 pF VIN =0V
Cout 8 12 pF Vout = 0V

Note: 1. This parameter is characterized and is not 100% tested.
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AC Write Characteristics

Symbol Parameter Min Max Units
tAs, toEs Address, OE Set-up Time 10 ns
tAH Address Hold Time 50 ns
twp Write Pulse Width (WE or CE) 100 1000 ns
tps Data Set-up Time 50 ns
toH, tOEH Data, OE Hold Time 10 ns
tes, tcH CE to WE and WE to CE Set-up and Hold Time 0 ns
toB Time to Device Busy 50 ns
twe Write Cycle Time AT28C64 10 ms
AT28C64E 200 us
AC Write Waveforms
WE Controlled
OF

CE Controlled
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tOES |

tOEH

ADDRESS
—tAH

tCH

tAS |

ﬁ.
: tCS |

WE

twpP

tDS_|

t-——tDH
P T

RDY/BUSY

_—toaﬁj\.—//_//

twe

OE

tOEH

ADDRESS
o tAS | |—tAH

tCH

——1DH
P — %

RDY/BUSY

l-——1{DB —~ —

AT28C64/X
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Data Polling Characteristics "

Symbol Parameter Min Typ Max Units
toH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toe OE to Output Delay @) ns
twR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See AC Read Characteristics.

Data Polling Waveforms

o

tWR

Chip Erase Waveforms

VIH e
N

VIL

VH

tW-—

ts =ty = 1 usec (min.)
tw = 10 msec (min.)
VH=12.0V £ 0.5V
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NORMALIZED SUPPLY CURRENT vs.

s TEMPERATURE
10 ~_ )

Temperature (C)

NORMALIZED SUPPLY CURRENT vs.

. ADDRESS FREQUENCY
1.0
/
0.9 o
%
084
Vee =5V
07 T=25C
06
0 1 2 3 4 5
Frequency (MHz)
OUTPUT SINK CURRENT vs.
OUTPUT VOLTAGE
50 —
o _—

0 yd

c /7

I 4

v Vce =5V

et10d /. . T=25C |

n

t o

0 1 2 3 4
Output Voltage (V)
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QO N——3~02Z

[oNe)

aoN—=m3~02

[eNelb_od

+~30 =0 ~cBVT~cO

NORMALIZED SUPPLY CURRENT vs.

, SUPPLY VOLTAGE
1.2 R N
/
1.0
08 B
| il
450 475 5.00 5.25 550
Supply Voltage (V)

NORMALIZED ACCESS TIME vs.

ias OUTPUT LOAD
120 . ]
Vce =5V
s T=25C /
,
YRT I /
L~
105 7 |
1.00
100 200 300 400
Output Load (pF)

OUTPUT SOURCE CURRENT vs.
OUTPUT VOLTAGE

40
\
304 \\
20 | S A \
Vece =5V \
T=25C
10 \
o T
0 1 2 3 4 5
Output Voltage (V)
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Ordering Information "’

tacc Icc (mA) .
Ordering Code Package Operation Range
(ns) Active | Standby
120 30 0.1 AT28C64(E)-12JC 32J Commercial
AT28C64(E)-12PC 28P6 (0°C to 70°C)
AT28C64(E)-12SC 28S
AT28C64(E)-12TC 28T
45 0.1 AT28C64(E)-12J] 32J Industrial
AT28C64(E)-12P! 28P6 (-40°C to 85°C)
AT28C64(E)-12SI 28S
AT28C64(E)-12TI 28T
150 30 0.1 AT28C64(E)-15JC 32J Commercial
AT28C64(E)-15PC 28P6 (0°C to 70°C)
AT28C64(E)-15SC 28S
AT28C64(E)-15TC 28T
45 0.1 AT28C64(E)-15JI 32J Industrial
AT28C64(E)-15PI 28P6 (-40°C to 85°C)
AT28C64(E)-15SI 28S
AT28C64(E)-15T! 28T
200 30 0.1 AT28C64(E)-20JC 32J Commercial
AT28C64(E)-20PC 28P6 (0°C to 70°C)
AT28C64(E)-20SC 28S
AT28C64(E)-20TC 28T
45 0.1 AT28C64(E)-20JI 32J Industrial
AT28C64(E)-20P!I 28P6 (-40°C to 85°C)
AT28C64(E)-20SI 28S
AT28C64(E)-20TI 28T
250 30 0.1 AT28C64(E)-25JC 32J Commercial
AT28C64(E)-25PC 28P6 (0°C to 70°C)
AT28C64(E)-25SC 28S
AT28C64(E)-25TC 28T
AT28C64-W DIE
45 0.1 AT28C64(E)-25JI 32J Industrial
AT28C64(E)-25PI 28P6 (-40°C to 85°C)
AT28C64(E)-25SI 28S
AT28C64(E)-25TI 28T

Note: 1. See Valid Part Number table below.

AlMEL
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Package Type
32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
28S 28 Lead, 0.300" Wide, Plastic Gull Wing, Small Outline (SOIC)
28T 28 Lead, Plastic Thin Small Outline Package (TSOP)
w Die

Options

Blank Standard Device: Endurance = 10K Write Cycles; Write Time = 1 ms
E High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 us

e
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Ordering Information

tacc Icc (mA) .
Ordering Code Package Operation Range
(ns) Active | Standby
150 30 0.1 AT28C64X-15JC 32J Commercial
AT28C64X-15PC 28P6 (0°C to 70°C)
AT28C64X-15SC 28S
AT28C64X-15TC 28T
45 0.1 AT28C64X-15J1 32J Industrial
AT28C64X-15PI 28P6 (-40°C to 85°C)
AT28C64X-158I 28S
AT28C64X-15TI 28T
200 30 0.1 AT28C64X-20JC 32J Commercial
AT28C64X-20PC 28P6 (0°C to 70°C)
AT28C64X-20SC 28S
AT28C64X-20TC 28T
45 0.1 AT28C64X-20J! 32J Industrial
AT28C64X-20PI1 28P6 (-40°C to 85°C)
AT28C64X-20SI 28S
AT28C64X-20TI 28T
250 30 0.1 AT28C64X-25JC 32J Commercial
AT28C64X-25PC 28P6 (0°C to 70°C)
AT28C64X-25SC 28S
AT28C64X-25TC 28T
45 0.1 AT28C64X-25J1 32J Industrial
AT28C64X-25PI 28P6 (-40°C to 85°C)
AT28C64X-25SI 28S
AT28C64X-25TI 28T

Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations
AT28C64 X 12 JC, JI, PC, PI, SC, SI, TC, Tl
AT28C64 X 15 JC, JI, PC, PI, SC, SI, TC, TI
AT28C64 X 20 JC,JI, PC, PI, SC, SI, TC, Tl
AT28C64 X 25 JC, JI, PC, PI, SC, SI, TC, Tl
Package Type
32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
28P6 28 Lead, 0.600" Wide Plastic Dual Inline Package (PDIP)
28S 28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)
28T 28 Lead, Plastic Thin Small Outline Package (TSOP)
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Features

® Fast Read Access Time - 150 ns
® Automatic Page Write Operation
Internal Address and Data Latches for 64-Bytes
® Fast Write Cycle Times
Page Write Cycle Time: 10 ms Maximum
1 to 64-Byte Page Write Operation
® Low Power Dissipation
40 mA Active Current
100 pA CMOS Standby Current
Hardware and Software Data Protection
DATA Polling and Toggle Bit for End of Write Detection
High Reliability CMOS Technology
Endurance: 100,000 Cycles
Data Retention: 10 Years
Single 5V + 10% Supply
CMOS and TTL Compatible Inputs and Outputs
JEDEC Approved Byte-Wide Pinout
Commercial and Industrial Temperature Ranges

Description

The AT28C64B is a high-performance electrically erasable and programmable read
only memory (EEPROM). Its 64K of memory is organized as 8,192 words by 8 bits.
Manufactured with Atmel’'s advanced nonvolatile CMOS technology, the device offers
access times to 150 ns with power dissipation of just 220 mW. When the device is
deselected, the CMOS standby current is less than 100 pA.

(continued)
Pin Configurations PDIP. SOIC
,
Pin Name Function Top View
A0 - A12 Addresses NC O 1 vee
— A12d 2 WE
CE Chip Enable Aa7d 3 NC
pr— ga A8
OE Output Enable :g s A9
prmmaey AT 6 A1
WE Write Enable g7 OF
A2 8 A10
1/00 - I/107 Data Inputs/Outputs A9 CE
A0 G vo7
NC No Connect voo g Vo6
101 105
DC Don’t Connect Vo2 O 04
GND 103
PLCC
Top View
A7 NC VCC NC
A2 DC WE TSO.P
Top View
an %g 5 ! BN e
A9 g 3 26 P yor
A8 gq 4 25 P 1106
NC o 5 24— D yos
ngccgbs 7 22 2 yos "
NC 2l 8 e 20 2B o2 NP
A ped % n 18 12 B o 1
A5 d 12 17 B A0
1415617181920 A MY ®sbA a

IIO's 12 DC3 45
GND

Note: PLCC package pins 1 and
17 are DON'T CONNECT.

AIMEL

64K (8K x 8)
CMOS
E’PROM with
Page Write and
Software Data
Protection

0270E
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Description (Continued)

The AT28C64B is accessed like a Static RAM for the read
or write cycle without the need for external components.
The device contains a 64-byte page register to allow writ-
ing of up to 64-bytes simultaneously. During a write cycle,
the addresses and 1 to 64-bytes of data are internally
latched, freeing the address and data bus for other opera-
tions. Following the initiation of a write cycle, the device
will automatically write the latched data using an internal
control timer. The end of a write cycle can be detected by
DATA POLLING of I/07. Once the end of a write cycle has
been detected, a new access for a read or write can begin.

Block Diagram

Atmel's AT28C64B has additional features to ensure high
quality and manufacturability. The device utilizes internal
error correction for extended endurance and improved
data retention characteristics. An optional software data
protection mechanism is available to guard against inad-
vertent writes. The device also includes an extra 64-bytes
of E2PROM for device identification or tracking.

Vee —» DATA INPUTS/OUTPUTS
GND ——» /00 - 1/07
TITYYYY!
OE — __ o >
WE OE, CE AND WE DATA LATCH
— LOGIC o INPUT/OUTPUT
CE — BUFFERS
:: Y DECODER > Y-GATING
ADDRESS | __|
INPUTS i CELL MATRIX
X DECODER
— ] IDENTIFICATION
Absolute Maximum Ratings*
. N o *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias................. -55°C to +125°C mum Ratings” may cause permanent damage to the device.
o o This is a stress rating only and functional operation of the
Storage Temperature............ccc..... -65°C to +150°C device at these o any other conditions beyond those indi-
All Input Voltages cated in the operational sections of this specification is not
. : - implied. Exposure to absolute maximum rating conditions
(including NC Pins) for extended periods may affect device reliability
with Respect to Ground ................... -0.6V to +6.25V ’
All Output Voltages
with Respect to Ground ............. -0.6V to Vcc + 0.6V
Voltage on OE and A9
with Respect to Ground ................... -0.6V to +13.5V
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Device Operation

READ: The AT28C64B is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The outputs are put in the high-
impedance state when either CE or OE is high. This dual
line control gives designers flexibility in preventing bus
contention in their systems.

BYTE WRITE: A low pulse on the WE or CE input with CE
or WE low (respectively) and OE high initiates a write cy-
cle. The address is latched on the falling edge of CE or
WE, whichever occurs last. The data is latched by the first
rising edge of CE or WE. Once a byte write has been
started, it will automatically time itself to completion. Once
a programming operation has been initiated and for the
duration of twc, a read operation will effectively be a poll-
ing operation.

PAGE WRITE: The page write operation of the
AT28C64B allows 1 to 64-bytes of data to be written into
the device during a single internal programming period. A
page write operation is initiated in the same manner as a
byte write; after the first byte is written, it can then be fol-
lowed by 1 to 63 additional bytes. Each successive byte
must be loaded within 150 ps (tsLc) of the previous byte.
If the tBLc limit is exceeded, the AT28C64B will cease ac-
cepting data and commence the internal programming op-
eration. All bytes during a page write operation must re-
side on the same page as defined by the state of the A6 to
A12 inputs. For each WE high to low transition during the
page write operation, A6 to A12 must be the same.

The AO to A5 inputs specify which bytes within the page
are to be written. The bytes may be loaded in any order
and may be altered within the same load period. Only
bytes which are specified for writing will be written; unnec-
essary cycling of other bytes within the page does not oc-
cur.

DATA POLLING: The AT28C64B features DATA Polling
to indicate the end of a write cycle. During a byte or page
write cycle an attempted read of the last byte written will
result in the complement of the written data to be pre-
sented on 1/0O7. Once the write cycle has been completed,
true data is_valid on all outputs, and the next write cycle
may begin. DATA Polling may begin at any time during the
write cycle.

TOGGLE BIT: In addition to DATA Polling, the AT28C64B
provides another method for determining the end of a write
cycle. During the write operation, successive attempts to
read data from the device will result in I/O6 toggling be-
tween one and zero. Once the write has completed, 1/06
will stop toggling, and valid data will be read. Toggle bit
reading may begin at any time during the write cycle.

AIMEL

DATA PROTECTION: If precautions are not taken, inad-
vertent writes may occur during transitions of the host sys-
tem power supply. Atmel has incorporated both hardware
and software features that will protect the memory against
inadvertent writes.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent writes to the AT28C64B in the
following ways: (a) Vcc sense - if Ve is below 3.8V (typi-
cal), the write function is inhibited; (b) Vcc power-on delay
- once Vcc has reached 3.8V, the device will automatically
time out 5 ms (typical) before allowing a write; (c) write
inhibit - holding any one of OE low, CE high, or WE high
inhibits write cycles; (d) noise filter - pulses of less than 15
ns (typical) on the WE or CE inputs will not initiate a write
cycle.

SOFTWARE DATA PROTECTION: A software controlled
data protection feature has been implemented on the
AT28C64B. When enabled, the software data protection
(SDP), will prevent inadvertent writes. The SDP feature
may be enabled or disabled by the user; the AT28C64B is
shipped from Atmel with SDP disabled.

SDP is enabled by the user issuing a series of three write
commands in which three specific bytes of data are written
to three specific addresses (refer to the Software Data
Protection Algorithm diagram in this data sheet). After writ-
ing the 3-byte command sequence and waiting twc, the
entire AT28C64B will be protected against inadvertent
writes. It should be noted that even after SDP is enabled,
the user may still perform a byte or page write to the
AT28C64B by preceding the data to be written by the
same 3-byte command sequence used to enable SDP.

Once set, SDP remains active unless the disable com-
mand sequence is issued. Power transitions do not dis-
able SDP, and SDP protects the AT28C64B during power-
up and power-down conditions. All command sequences
must conform to the page write timing specifications. The
data in the enable and disable command sequences is not
actually written into the device; their addresses may still
be written with user data in either a byte or page write op-
eration.

After setting SDP, any attempt to write to the device with-
out the 3-byte command sequence will start the internal
write timers. No data will be written to the device. How-
ever, for the duration of twc, read operations will effec-
tively be polling operations.

DEVICE IDENTIFICATION: An extra 64-bytes of
EEPROM memory are available to the user for device
identification. By raising A9 to 12V + 0.5V and using ad-
dress locations 1FCOH to 1FFFH, the additional bytes
may be written to or read from in the same manner as the
regular memory array.
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AT28C64B-15 AT28C64B-20 AT28C64B-25
Operating Com. 0°C - 70°C 0°C -70°C 0°C - 70°C
Temperature (Case)  |ng. -40°C - 85°C -40°C - 85°C -40°C - 85°C
Vcc Power Supply 5V +£10% 5V +10% 5V +10%
Operating Modes
Mode CE OE WE e}
Read ViL Vi VIH Dout
Write (@) Vi ViH ViL DIN
Standby/Write Inhibit ViH x M X High Z
Write Inhibit X X VIH
Write Inhibit X ViL X
Output Disable X ViH X High Z
Chip Erase viL vy @ viL High Z
Notes: 1. X can be VL or V1. 3. VH=12.0V£0.5V.
2. Refer to the AC Write Waveforms diagrams in this
data sheet.
DC Characteristics
Symbol Parameter Condition Min Max  Units
1Lt Input Load Current VIN=0V to Vce + 1V 10 pA
Lo Output Leakage Current Vijo = 0V to Vo 10 A
IsB1 Ve Standby Current CMOS ~ CE = Vec- 0.3V to Ve + 1V Com., Ind. 100 HA
IsB2 Vce Standby Current TTL CE =2.0Vto Vcc + 1V 2 mA
lcc Vcc Active Current f=5MHz; louT =0 mA 40 mA
ViL Input Low Voltage 0.8 \'
VIiH Input High Voltage 2.0 Vv
VoL Output Low Voltage loL=2.1 mA .40 \"
VoH Output High Voltage loH = -400 pA 2.4 \Y
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AC Read Characteristics

AT28C64B-15 AT28C64B-20 AT28C64B-25
Symbol Parameter Min Max Min Max Min Max Units
tacc Address to Output Delay 150 200 250 ns
tce M CEto Output Delay 150 200 250 ns
tog @ O to Output Delay 0 70 0 80 0 100 ns
tor @4 | CE or OE to Output Float 0 50 0 55 0 80 ns
Output Hold from OE,
toH CE or Address, 0 0 0 ns
whichever occurred first
AC Read Waveforms 234
ADDRESS ADDRESS VALID
CE
tCE —
o | tOE —»,
| ¢ le——1DF
4— tOH —¥
——— tACC —»

OUTPUT HIGH OUTPUT VALID
Notes: 1. CE may be delayed up to tacc - tck after the address 3. tp is specified from OE or CE whichever occurs first
transition without impact on tacc. (CL=5pF).
2. OE may be delayed up to tce - tog after the falling 4. This parameter is characterized and is not 100% tested.

edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.

Input Test Waveforms and Output Test Load
Measurement Level 50V

3.0V

1.8K
DRIVING MEASUREMENT T
LEVELS LEVEL

tR, tF < 5ns 1.3K $ 1009F

Pin Capacitance (f = 1 MHz, T = 25°C) "

Typ Max Units Conditions
CIN 4 6 pF VIN =0V
Court 8 12 pF VouT =0V

Note: 1. This parameter is characterized and is not 100% tested.
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AC Write Characteristics

Symbol Parameter Min Max Units
tas, tOES Address, OE Set-up Time 0 ns
taH Address Hold Time 50 ns
tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 100 ns
tps Data Set-up Time 50 ns
tDH, tOEH Data, OE Hold Time 0 ns
AC Write Waveforms
WE Controlled
OE L
tOES tOEH
ADDRESS X
TS| |—tAH
CE tCH
Tics T
WE

CE Controlled
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tWP

DS _|

DATA IN 17

~——tDH T

OE S
— | t10ES 1OEH
ADDRESS
TTIAST| -——tAH
WE tCH
~ics
CE
twP

DS

DATA IN F

~——tDH __1
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Page Mode Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tas Address Set-up Time 0 ns
taH Address Hold Time 50 ns
tps Data Set-up Time 50 ns
tDH Data Hold Time 0 ns
twp Write Pulse Width 100 ns
teLC Byte Load Cycle Time 150 us
twpPH Write Pulse Width High 50 ns

Page Mode Write Waveforms (%

tWP| tWPH

— tBLC
WE \ /

—'tAH tDH
A0 - A12

VALID ADD >< ><
tDS
DATA VALID DATA, ,
BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 62 BYTE 63
L. —twc _j

Notes: 1. A6 through A12 must specify the same page address during each high to low transition of WE (or EE).
2. OE must be high only when WE and CE are both low.

Chip Erase Waveforms
VIH e
CE 4\
VIL
VH

OE
VIH 1S tH

|

VIH — e

VIL N
ts =ty = 5 psec (min.) W
tw = 10 msec (min.)
VH=12.0V £ 0.5V
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Software Data ;
Protection Enable Algorithm "

LOAD DATA AA
TO
ADDRESS 1555

LOAD DATA 55
TO
ADDRESS 0AAA

LOAD DATA AO

ADDRESS 1555

LOAD DATA XX

TO
ANY ADDRESS ¥

LOAD LAST BYTE
TO
LAST ADDRESS

ENTER DATA

Notes for software program code:

1.

2.

3.

PROTECT STATE

Data Format: 1/O7 - 1/00 (Hex);
Address Format: A12 - AO (Hex).
Write Protect state will be activated at end of write even if no
other data is loaded.
Wirite Protect state will be deactivated at end of write period
even if no other data is loaded.

4. 1 to 64-bytes of data are loaded.

WRITES ENABLED @

AImEY

Software Data
Protection Disable Algorithm "

LOAD DATA AA
TO
ADDRESS 1555

LOAD DATA 55

ADDRESS 0AAA

LOAD DATA 80
TO
ADDRESS 1555

LOAD DATA AA

ADDRESS 1555

LOAD DATA 55
TO
ADDRESS 0AAA

LOAD DATA 20
TO
ADDRESS 1555

EXIT DATA

PROTECT STATE ©

LOAD DATA XX

TO
ANY ADDRESS “

LOAD LAST BYTE
TO
LAST ADDRESS

Software Protected Write Cycle Waveforms 2

Notes: 1.

2-212

OE

T

—\JW\_/—/W/_

T

We tAS
tAH
AO - A5 ><BYTE ADDRESS, ><
1555 0AAA 1555
A6 - A12 >< PAGE ADDRESS,
tDS
oATA T G X
BYTE 0 BYTE 62  BYTE 63

= twC—

A6 through A12 must specify the same page address during each high to low transition of WE (or E) after
the software code has been entered.
. OE must be high only when WE and CE are both low.
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Data Polling Characteristics "

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 0 ns
toEH OE Hold Time 0 ns
toe OE to Output Delay (2) ns
twR Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested. 2. See AC Read Characteristics.
Data Polling Waveforms
WE
_/
CE 7\ —\
tOEH
oF | TN
Y Y/ _
tDH ) tWR
tOE HIGH Z
/o7
A0 - A12 An An >< An An An <
Toggle Bit Characteristics
Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay ns
tOEHP OE High Pulse 150 ns
twr Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested. 2. See AC Read Characteristics.

Toggle Bit Waveforms ("2 %

Notes: 1.

2.

WE /

e N /NN TN

—— tOEH tOEHP
OE N/ 0\
— tpH tOE
s > I v
Toggling either OE or CE or both OE and CE will 3. Any address location may be used but the address
operate toggle bit. should not vary.

Beginning and ending state of 1/06 will vary.

ATmEL
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NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs.
. TEMPERATURE e SUPPLY VOLTAGE
N T i N
o | o ]
" 1.2 ' r
m m 121 — ]
T 1.1 ? ‘ /
i . 40 / .
ST : :
d ' d |
, 09 ; 08 ]
c ‘ ‘ c |
C os . I I f C o6 ! I \
-55 25 5 35 65 95 125 4.50 4.75 5.00 5.25 5.50
Temperature (C) Supply Voltage (V)

NORMALIZED SUPPLY CURRENT vs.

ADDRESS FREQUENCY

N ‘
o | ‘
T 09 /// |
i "]
. 08
d Vee =5V
| o7l i | T=25C
c
C o6 ;

0 1 2 3 4 5

Frequency (MHz)
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Ordering Information "

tacc Icc (mA) )
Ordering Code Package Operation Range
(ns) Active | Standby
150 40 0.1 AT28C64B-15JC 32J Commercial
AT28C64B-15PC 28P6 (0°C to 70°C)
AT28C64B-15SC 28S
AT28C64B-15TC 28T
AT28C64B-15J1 32J Industrial
AT28C64B-15PI 28P6 (-40°C to 85°C)
AT28C64B-15SI 28S
AT28C64B-15TI 28T
200 40 0.1 AT28C64B-20JC 32J Commercial
AT28C64B-20PC 28P6 (0°C to 70°C)
AT28C64B-20SC 28S
AT28C64B-20TC 28T
AT28C64B-20J1 32J Industrial
AT28C64B-20PI 28P6 (-40°C to 85°C)
AT28C64B-20SI 288
AT28C64B-20TI 28T
250 40 0.1 AT28C64B-25JC 32J Commercial
AT28C64B-25PC 28P6 (0°C to 70°C)
AT28C64B-25SC 28S
AT28C64B-25TC 28T
AT28C64B-25JI 32J Industrial
AT28C64B-25PI 28P6 (-40°C to 85°C)
AT28C64B-25SI 28S
AT28C64B-25TI 28T
40 0.1 AT28C64B-W DIE Commercial
(0°C to 70°C)

Note: 1. See Valid Part Number table below.

Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations
AT28C64B 15 JC, JI, PC, PI, SC, SI, TC, Tl

AT28C64B 20 JC, JI, PC, PI, SC, SI, TC, Tl

AT28C64B 25 JC, JI, PC, PI, SC, SI, TC, Tl

AT28C64B - W

ATMEL
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Package Type
32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
28P6 28 Lead, 0.600" Wide, Plastic Dual Iniine Package (PDIP)
28S 28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)
28T 28 Lead, Plastic Thin Small Outline Package (TSOP)
w DIE
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Features

® Fast Read Access Time - 150 ns
® Automatic Page Write Operation
Internal Address and Data Latches for 64-Bytes
Internal Control Timer
® Fast Write Cycle Times
Page Write Cycle Time: 3 ms or 10 ms Maximum
1 to 64-Byte Page Write Operation
® Low Power Dissipation
50 mA Active Current
200 pA CMOS Standby Current
Hardware and Software Data Protection
DATA Polling for End of Write Detection
High Reliability CMOS Technology
Endurance: 10* or 10° Cycles
Data Retention: 10 Years
Single 5V + 10% Supply
CMOS and TTL Compatible Inputs and Outputs
JEDEC Approved Byte-Wide Pinout
Full Military, Commercial, and Industrial Temperature Ranges

Description

The AT28C256 is a high-performance Electrically Erasable and Programmable Read
Only Memory. Its 256K of memory is organized as 32,768 words by 8 bits. Manufac-
tured with Atmel's advanced nonvolatile CMOS technology, the device offers access
times to 150 ns with power dissipation of just 440 mW. When the device is deselected,
the CMOS standby current is less than 200 pA.

(continued)
Pin Configurations :
TSOP
Pin Name Function Top View
A0 - A14 Addresses
=F " A1 O 2 ! 28 27 £ A0 CE
CE Chip Enable A9g 3 26 P o7
AF A8 A13E 4 5 24 % g 1105 voe
OE Output Enable WE de 23 b Vo4
WE i A14 Vccé)a 7 2 e GND
WE Write Enable A124] 5 20 ' B vo2
A7 q 10 19h L MO
1/00 - 1107 Data Inputs/Outputs A5 :jE 12 :; :2 17 [0 no
NC No Connect A3 q 14 5P A2
DC Don’t Connect
CERDIP, PDIP,
PGA LCC, PLCC FLATPACK, SOIC
Top View Top View Top View
A7 A14 VCC A13 ]
4 3 1|27 |26 A12 DC WE A4 1 28 1 vce
A6 | A7 | A14| WE | A13 At2(] 2 27 D WE
5 2| 28|24 25 A6 AB AT 3 2 At3
A5 A9 A6} 4 251 A8
A5 | A12|VCC| A9 | A8 ™ e Aslls 24 a0
7 6 22 | 23 A3 NC A4l 6 23 [ A1t
A3 | A4 OE | A1t A2 OFE A7 22 N OE
Al A10 A2Cl8 210 A10
9 8 2 | 21 A0 CE Alg 9 20 O CE
Al A2 CE | A10 NC 5 12 22 ¢ /07 A0OC| 10 19 ; [ller4
oo 5 13 21{ 106 100 ¢ 11 18 {1 1106
11 | 10 | 14 | 16 | 19 14516715920 vo1t] 12 17 05
/00 | A0 | GND| /04 | 1107 \ voz O 13 16 b 104
12 13| 15| 17 | 18 0512 D34S aND T 14 15 1 vos
/01 | 1/02| 1/03 | 1/05 | /06

Note: PLCC package pins 1 and
17 are DON'T CONNECT.

AIMEL

AT28C256

Paged
CMOS
E?PROM

256K (32K x 8)

0006F
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Description (Continued)

The AT28C256 is accessed like a Static RAM for the read
or write cycle without the need for external components.
The device contains a 64-byte page register to allow writ-
ing of up to 64-bytes simultaneously. During a write cycle,
the addresses and 1 to 64-bytes of data are internally
latched, freeing the address and data bus for other opera-
tions. Following the initiation of a write cycle, the device
will automatically write the latched data using an internal
control timer. The end of a write cycle can be detected by
DATA POLLING of I/O7. Once the end of a write cycle has
been detected a new access for a read or write can begin.

Block Diagram

Atmel’'s 28C256 has additional features to ensure high
quality and manufacturability. The device utilizes internal
error correction for extended endurance and improved
data retention characteristics. An optional software data
protection mechanism is available to guard against inad-
vertent writes. The device also includes an extra 64-bytes
of E2PROM for device identification or tracking.

Veg ——» DATA INPUTS/OUTPUTS
GND —» /00 - 1/07
TITIYYY
OE —* _ — DATA LATCH
e OE, CE AND WE
WE LOGIC T INPUT/OUTPUT
CE — BUFFERS
:: Y DECODER > Y-GATING
ADDRESS | __| |
INPUTS q CELL MATRIX
X DECODER
—> IDENTIFICATION
Absolute Maximum Ratings*
i . o *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias................. -55°C to +125°C mum Ratings” may cause permanent damage to the device.
o o This is a stress rating only and functional operation of the
Storage Temperature.........ccoeeeeenees -65°C to +150°C device at these or any other conditions beyond those indi-
All Input Voltages cated in the operational sections of this specification is not
(including NC Pins) implied. Exposure to absolute maximum rating conditions
. for extended periods may affect device reliability.
with Respect to Ground ................... -0.6V to +6.25V
All Output Voltages
with Respect to Ground ............. -0.6V to Vcce + 0.6V
Voltage on OE and A9
with Respect to Ground ................... -0.6V to +13.5V

2-218
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Device Operation

READ: The AT28C256 is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The_outputs are put in the high
impedance state when either CE or OE is high. This dual-
line control gives designers flexibility in preventing bus
contention in their system.

BYTE WRITE: A low pulse on the WE or CE input with CE
or WE low (respectively) and OE high initiates a write cy-
cle. The address is latched on the falling edge of CE or
WE, whichever occurs last. The data is latched by the first
rising edge of CE or WE. Once a byte write has been
started it will automatically time itself to completion. Once
a programming operation has been initiated and for the
duration of twc, a read operation will effectively be a poll-
ing operation.

PAGE WRITE: The page write operation of the AT28C256
allows 1 to 64-bytes of data to be written into the device
during a single internal programming period. A page write
operation is initiated in the same manner as a byte write;
the first byte written can then be followed by 1 to 63 addi-
tional bytes. Each successive byte must be written within
150 ps (tBLc) of the previous byte. If the tBLc limit is ex-
ceeded the AT28C256 will cease accepting data and com-
mence the internal programming operation. All bytes dur-
ing a page write operation must reside on the same page
as defined by the state of the A6 - A14 inputs. For each
WE high to low transition during the page write operation,
A6 - A14 must be the same.

The A0 to A5 inputs are used to specify which bytes within
the page are to be written. The bytes may be loaded in any
order and may be altered within the same load period.
Only bytes which are specified for writing will be written;
unnecessary cycling of other bytes within the page does
not occur.

DATA POLLING: The AT28C256 features DATA Polling
to indicate the end of a write cycle. During a byte or page
write cycle an attempted read of the last byte written will
result in the complement of the written data to be pre-
sented on I/07. Once the write cycle has been completed,
true data is_valid on all outputs, and the next write cycle
may begin. DATA Polling may begin at anytime during the
write cycle.

TOGGLE BIT: In addition to DATA Polling the AT28C256
provides another method for determining the end of a write
cycle. During the write operation, successive attempts to
read data from the device will result in 1/06 toggling be-
tween one and zero. Once the write has completed, /06
will stop toggling and valid data will be read. Reading the
toggle bit may begin at any time during the write cycle.

AIMEL

DATA PROTECTION: If precautions are not taken, inad-
vertent writes may occur during transitions of the host sys-
tem power supply. Atmel has incorporated both hardware
and software features that will protect the memory against
inadvertent writes.

HARDWARE PROTECTION: Hardware features protect
against inadvertent writes to the AT28C256 in the follow-
ing ways: (a) Vcc sense - if Vcc is below 3.8V (typical) the
write function is inhibited; (b) Vcc power-on delay - once
Vce has reached 3.8V the device will automatically time
out 5 ms (typical) before allowing a write: (c) write inhibit -
holding any one of OE low, CE high or WE high inhibits
write cycles; (d) noise filter - pulses of less than 15 ns (typi-
cal) on the WE or CE inputs will not initiate a write cycle.

SOFTWARE DATA PROTECTION: A software controlled
data protection feature has been implemented on the
AT28C256. When enabled, the software data protection
(SDP), will prevent inadvertent writes. The SDP feature
may be enabled or disabled by the user; the AT28C256 is
shipped from Atmel with SDP disabled.

SDP is enabled by the host system issuing a series of
three write commands; three specific bytes of data are
written to three specific addresses (refer to Software Data
Protection Algorithm). After writing the 3-byte command
sequence and after twc the entire AT28C256 will be pro-
tected against inadvertent write operations. It should be
noted, that once protected the host may still perform a
byte or page write to the AT28C256. This is done by pre-
ceding the data to be written by the same 3-byte command
sequence used to enable SDP.

Once set, SDP will remain active unless the disable com-
mand sequence is issued. Power transitions do not dis-
able SDP and SDP will protect the AT28C256 during
power-up and power-down conditions. All command se-
quences must conform to the page write timing specifica-
tions. The data in the enable and disable command se-
quences is not written to the device and the memory ad-
dresses used in the sequence may be written with data in
either a byte or page write operation.

After setting SDP, any attempt to write to the device with-
out the 3-byte command sequence will start the internal
write timers. No data will be written to the device; however,
for the duration of twc, read operations will effectively be
polling operations.

(continued)
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Device Operation (Continued)

DEVICE IDENTIFICATION: An extra 64-bytes of OPTIONAL CHIP ERASE MODE: The entire device can
E2PROM memory are available to the user for device be erased using a 6-byte software code. Please see Soft-
identification. By raising A9 to 12V + 0.5V and using ad- ware Chip Erase application note for details.

dress locations 7FCOH to 7FFFH the additional bytes may

be written to or read from in the same manner as the regu-

lar memory array.

DC and AC Operating Range

AT28C256-15 AT28C256-20 AT28C256-25 AT28C256-35
. Com. 0°C - 70°C 0°C - 70°C 0°C - 70°C
e dure (Case) | Ind: -40°C - 85°C -40°C - 85°C -40°C - 85°C
Mil. -55°C - 125°C -55°C - 125°C -55°C - 125°C -55°C - 125°C
Vcc Power Supply 5V+10% 5V +10% 5V 10% 5V+10%
Operating Modes
Mode CE OE - WE Vo
Read ViL ViL ViH Dout
Write @ ViL VIH ViL DiN
Standby/Write Inhibit ViH x M X High Z
Write Inhibit X X ViH
Write Inhibit X ViL X
Output Disable X ViH X High Z
Chip Erase ViL vh @ ViL High Z
Notes: 1. X can be Vi or V4. 3. Vu=12.0V+0.5V.

2. Refer to AC Programming Waveforms.

DC Characteristics

Symbol Parameter Condition Min Max  Units
It Input Load Current ViN= 0V to Vcc + 1V 10 pA
Lo Output Leakage Current Vio =0V to Vce 10 pA
IsB1 Vcc Standby Current CMOS ~ CE = Ve - 0.3V to Vog + 1V Com., Ind. 200 BA
Mil. 300 uA
IsB2 Vcc Standby Current TTL CE =2.0Vto Vee + 1V 3 mA
lcc Vcc Active Current f=5MHz; louT=0mA 50 mA
ViL Input Low Voltage 0.8 \"
VIH Input High Voltage 2.0 \"
VoL Output Low Voltage loL=2.1 mA .45 Vv
VoH Output High Voltage loH = -400 pA 2.4 \"
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AC Read Characteristics

AT28C256-15 | AT28C256-20 | AT28C256-25 | AT28C256-35

Symbol Parameter Min Max Min Max Min Max Min Max Units
tacc Address to Output Delay 150 200 250 350 ns
tce M CE to Output Delay 150 200 250 35 | ns
toe @ OE to Output Delay 0 70 0 80 0 10| 0 100 | ns
tor 4 | CE or OE to Output Float 0 50 0 55 0 60 0 70 ns

Output Hold from ﬁ, CEor
toH Address, whichever 0 0 0 0 ns

occurred first

AC Read Waveforms (234

ADDRESS >< ADDRESS VALID
CE
tCE —»
ﬁ tOE —»|
L1 —tDF —¥
— tOH —P
¢—— tACC —»>

HIGH Z
OUTPUT OUTPUT VALID p—p—
Notes: 1. CE may be delayed up to tacc - tce after the address 3. tpr is specified from OE or CE whichever occurs first
transition without impact on tacc. (CL =5 pF).
2. OE may be delayed up to tce - tog after the falling 4. This parameter is characterized and is not 100% tested.

edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.

Input Test Waveforms and Output Test Load
Measurement Level sov

3.0v
1.8K
DRIV!NG MEASUREMENT OUTPUT
LEVELS LEVEL PIN

tR, tF < 5ns 1.3K i 100 pF
Pin Capacitance (f = 1 MHz, T = 25°C) "
Typ Max Units Conditions
CIN 4 6 pF VIN = 0V
Cout 8 12 pF VouT = 0V

Note: 1. This parameter is characterized and is not 100% tested.
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AC Write Characteristics

AIMEL

Symbol Paréméter . Min Max Units
tas, tOES Address, OE Set-up Time 0 ns
tAH Address Hold Time 50 ns
tcs - | Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or E) 100 ns
tps Data Set-up Time 50 ns
toH, tOEH Data, OE Hold Time 0 ns
tov Time to Data Valid NR ()
Note: 1. NR = No Restriction
AC Write Waveforms
WE Controlled
OE
0ES | tOEH
ADDRESS X
tAST| l——tAH
cE j tCH
tCs | |
WE ﬂ
~——tWPH
tWP-
~— tDV {=— tDS — tDH {
DATA IN
CE Controlled
OE S
tOES tOEH
ADDRESS
TS| |-——tAH
wE tCH
TCs
CE KX
l—— tWPH—+
tWP-
—tDV -« tDS | tDH
DATA IN
2-222 AT28C256
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Page Mode Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time AT28C256 10 ms
AT28C256F 3.0 ms
tas Address Set-up Time 0 ns
tAH Address Hold Time 50 ns
tps Data Set-up Time 50 ns
tbH Data Hold Time 0 ns
twp Write Pulse Width 100 ns
tBLC Byte Load Cycle Time 150 us
twpPH Write Pulse Width High 50 ns

Page Mode Write Waveforms ("2

/_.._.

H

X al
H

><VQ$TE:=.DSTA BYTE 1 ><EYTE 2 >< —

BYTE 3 BYTE 62 BYTE 63
l—twc ,‘

Notes: 1. A6 through A14 must specify the same page address during each high to low transition of WE (or ﬁ).
2. OE must be high only when WE and CE are both low.

Chip Erase Waveforms
VIH —
CE A_\
VIL
VH

OE
VIH — 1S tH —
VIH

VIL —
ts = th = 5 psec (min.) tW-—
tw = 10 msec (min.)

VH=12.0V£0.5V

AIMEL



Software Data
Protection Enable Algorithm "

LOAD DATA AA LOAD DATA AA
TO TO
ADDRESS 5555 ADDRESS 5555
LOAD DATA 55 LOAD DATA 55
TO TO
ADDRESS 2AAA ADDRESS 2AAA
LOAD DATA A0 LOAD DATA 80

TO
ADDRESS 5555 WRITES ENABLED @ ADDRESS 5555
LOAD DATA XX LOAD DATA AA
TO
ANY ADDRESS “ ADDRESS 5555
LOAD LAST BYTE LOAD DATA 55
TO TO
LAST ADDRESS ENTER DATA ADDRESS 2AAA
PROTECT STATE
LOAD DATA 20
TO
) ADDRESS 5555 EXIT DATA
Notes for software program code: PROTECT STATE @
1. Data Format: 1/07 - I/O0 (Hex); LOAD DATA XX

AIMEL

Address Format: A14 - AO (Hex).
2. Write Protect state will be activated at end of write even if no
other data is loaded.
3. Write Protect state will be deactivated at end of write period

even if no other data is loaded.

4. 1 to 64-bytes of data are loaded.

Software Data
Protection Disable Algorithm "

TO
ANY ADDRESS ¢

LOAD LAST BYTE
TO
LAST ADDRESS

Software Protected Write Cycle Waveforms "2

_ —
OE
_ —
e T /NSNS T
We tw tWPH tBLC H P
tAS o
/;
A0 - A5 >< BYTE ADDRESS, >< gan
2AAA 5555 Py
A6 - A14 >< PAGE ADDRESS, P
DS
/L__
DATA X AA 55 A0 >< X X g

BYTE 0

BYTE 62 BYTE

63
~— tWC—

Notes: 1. A6 through A14 must specify the same page address during each high to low transition of WE (or E) after
the software code has been entered.

2. OE must be high only when WE and CE are both low.

AT28C256
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Data Polling Characteristics "’

Symbol Parameter Min Typ Max Units

tDH Data Hold Time 0 ns

toeH OE Hold Time 0 ns

toe OE to Output Delay @) ns

twr Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested. 2. See AC Read Characteristics.

Data Polling Waveforms
WE J

cE SN\ N

tOEH

tDH —
tOE HIGH Z WR
1107

A0 - A14 An X an X An An An
Toggle Bit Characteristics
Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay ns
tOEHP OE High Pulse 150 ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested. 2. See AC Read Characteristics.

Toggle Bit Waveforms "2 %

WE

: N\ TN

CE

tWR

Notes: 1. Toggling either OE or CE or both OE and CE will 3. Any address location may be used but the address
operate toggle bit. should not vary.
2. Beginning and ending state of I/O6 will vary.

ATMEL |
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NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs.
'a TEMPERATURE s SUPPLY VOLTAGE
NV NIRE
3 12N E' 12
T 1.1 \\\ T /
i I
i 1.0 \\ ﬁ
d \ d 08 /
| 09 S~ I
g 08 \ g 06
-55 25 5 35 65 95 125 450 475 5.00 5.25 5.50
Temperature (C) Supply Voltage (V)

NORMALIZED SUPPLY CURRENT vs.

, ADDRESS FREQUENCY
N
o
a "
: 0.9 //
: 08
d Vee =5V

07 T=25C
¢
C os6

0 1 2 3 4 5
Frequency (MHz)
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Ordering Information @

AIMEL

tacc lcc (mA) .
Ordering Code Package Operation Range
(ns) Active | Standby 9 g P 9
150 50 0.2 AT28C256(E,F)-15JC 32J Commercial
AT28C256(E,F)-15PC 28P6 (0°C to 70°C)
AT28C256(E,F)-15SC 288
AT28C256(E,F)-15TC 28T
AT28C256(E,F)-15J! 32J Industrial
AT28C256(E,F)-15PI 28P6 (-40°C to 85°C)
AT28C256(E,F)-15SI 28S
AT28C256(E,F)-15TI 28T
50 0.3 AT28C256(E,F)-15DM/883 28D6 Military/883C
AT28C256(E,F)-15FM/883 28F Class B, Fully Compliant
AT28C256(E,F)-15LM/883 32L (-55°C to 125°C)
AT28C256(E,F)-15UM/883 28U
200 50 0.2 AT28C256(E,F)-20JC 32J Commercial
AT28C256(E,F)-20PC 28P6 (0°C to 70°C)
AT28C256(E,F)-20SC 288
AT28C256(E,F)-20TC 28T
AT28C256(E,F)-20JI 32J Industrial
AT28C256(E,F)-20P!I 28P6 (-40°C to 85°C)
AT28C256(E,F)-20SlI 28S
AT28C256(E,F)-20TI 28T
50 0.3 AT28C256(E,F)-20DM/883 28D6 Military/883C
AT28C256(E,F)-20FM/883 28F Class B, Fully Compliant
AT28C256(E,F)-20LM/883 32L (-55°C to 125°C)
AT28C256(E,F)-20UM/883 28U
250 50 0.2 AT28C256(E,F)-25JC 32J Commercial
AT28C256(E,F)-25PC 28P6 (0°C to 70°C)
AT28C256-W DIE
AT28C256(E,F)-25JI 32J Industrial
AT28C256(E,F)-25PI 28P6 (-40°C to 85°C)
50 0.3 AT28C256(E,F)-25DM/883 28D6 Military/883C
AT28C256(E,F)-25FM/883 28F Class B, Fully Compliant
AT28C256(E,F)-25L.\M/883 32L (-55°C to 125°C)
AT28C256(E,F)-25UM/883 28U
AT28C256(E,F)-35UM/883 28U
50 0.2 AT28C256-W DIE Commercial
(0°C to 70°C)
(continued)
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Ordering Information (Continued)

t lcc (mA
(:|Cs‘): Acti:ec ( Sta)n dby Ordering Code Package Operation Range
150 @ 50 0.35 5962-88525 16 UX 28U Military/883C
5962-88525 16 XX 28D6 Class B, Fully Compliant
5962-88525 16 YX 32L (-55°C to 125°C)
5962-88525 16 ZX 28F
5962-88525 15 UX 28U Military/883C
5962-88525 15 XX 28D6 Class B, Fully Compliant
5962-88525 15 YX 32L (-65°C to 125°C)
5962-88525 15 ZX 28F o
5962-88525 14 UX 28U Military/883C
5962-88525 14 XX 28D6 Class B, Fully Compliant
5962-88525 14 YX 32L (-55°C to 125°C)
5962-88525 14 ZX 28F
50 0.35 5962-88525 08 UX 28U Military/883C
5962-88525 08 XX 28D6 Class B, Fully Compliant
5962-88525 08 YX 32L (-55°C to 125°C)
5962-88525 08 ZX 28F
5962-88525 07 UX 28U Military/883C
5962-88525 07 XX 28D6 Class B, Fully Compliant
5962-88525 07 YX 32L (-55°C to 125°C)
5962-88525 07 ZX 28F
5962-88525 06 UX 28U Military/883C
5962-88525 06 XX 28D6 Class B, Fully Compliant
5962-88525 06 YX 32L (-55°C to 125°C)
5962-88525 06 ZX 28F
200 ©® 50 0.35 5962-88525 12 UX 28U Military/883C
5962-88525 12 XX 28D6 Class B, Fully Compliant
5962-88525 12 YX 32L (-65°C to 125°C)
5962-88525 12 ZX 28F
50 0.35 5962-88525 04 UX 28U Military/883C
5962-88525 04 XX 28D6 Class B, Fully Compliant
5962-88525 04 YX 32L (-55°C to 125°C)
5962-88525 04 ZX 28F
250 @ 50 0.35 5962-88525 13 UX 28U Military/883C
5962-88525 13 XX 28D6 Class B, Fully Compliant
5962-88525 13 YX 32L . (-55°C to 125°C)
5962-88525 13 ZX 28F
5962-88525 11 UX 28U Military/883C
5962-88525 11 XX 28D6 Class B, Fully Compliant
5962-88525 11 YX 32L (-55°C to 125°C)
5962-88525 11 ZX 28F
(continued)
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Ordering Information (Continued)

t lcc (mA

('::; Acti\fec ( S(a)n dby Ordering Code Package Operation Range

250 50 0.35 5962-88525 05 UX 28U Military/883C
5962-88525 05 XX 28D6 Class B, Fully Compliant
5962-88525 05 YX 32L (-55°C to 125°C)
5962-88525 05 ZX 28F
5962-88525 03 UX 28U Military/883C
5962-88525 03 XX 28D6 Class B, Fully Compliant
5962-88525 03 YX 32L (-55°C to 125°C)
5962-88525 03 ZX 28F

300 50 0.35 5962-88525 10 UX 28U Military/883C
5962-88525 10 XX 28D6 Class B, Fully Compliant
5962-88525 10 YX 32L (-55°C to 125°C)
5962-88525 10 ZX 28F

50 0.35 5962-88525 02 UX 28U Military/883C

5962-88525 02 XX 28D6 Class B, Fully Compliant
5962-88525 02 YX 32L (-55°C to 125°C)
5962-88525 02 ZX 28F

350 50 0.35 5962-88525 09 UX 28U Military/883C
5962-88525 09 XX 28D6 Class B, Fully Compliant
5962-88525 09 YX 32L (-55°C to 125°C)
5962-88525 09 ZX 28F

50 0.35 5962-88525 01 UX 28U Military/883C

5962-88525 01 XX 28D6 Class B, Fully Compliant
5962-88525 01 YX 32L (-55°C to 125°C)
5962-88525 01 ZX 28F

Notes: 1. Electrical specifications for these speeds are defined by Standard Microcircuit Drawing 5962-88525.
2. See Valid Part Number table below.
3. SMD specifies Software Data Protection feature for device type, although Atmel product supplied to every device type
in the SMD is 100% tested for this feature.

Valid Part Numbers

The following table lists standard Atmel products that can be ordered.

Device Numbers Speed Package and Temperature Combinations

AT28C256 15 JC, JI, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
AT28C256E 15 JC, JI, PC, PI, SC, S|, TC, TI, DM/883, FM/883, LM/883, UM/883
AT28C256F 15 JC, JI, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
AT28C256 20 JC, Ji, PC, PI, SC, S|, TC, TI, DM/883, FM/883, LM/883, UM/883
AT28C256E 20 JC, Ji, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
AT28C256F 20 JC, Ji, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883
AT28C256 25 JC, JI, PC, PI, SC, SI, TC, Ti, DM/883, FM/883, LM/883, UM/883
AT28C256E 25 JC, JI, PC, PI, SC, SI, TC, Tl, DM/883, FM/883, LM/883, UM/883
AT28C256F 25 JC, JI, PC, PI, SC, SI, TC, Ti, DM/883, FM/883, LM/883, UM/883
AT28C256 - w
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) Package Type
28D6 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
28F 28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack)
32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
32L 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
28S 28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)
28T 28 Lead, Plastic Thin Small Outline Package (TSOP)
28U 28 Pin, Ceramic Pin Grid Array (PGA)
w Die

Options

Blank Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms
E High Endurance Option: Endurance = 100K Write Cycles
F Fast Write Option: Write Time = 3 ms
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Features

Fast Read Access Time - 120 ns
Automatic Page Write Operation
Internal Address and Data Latches for 128-Bytes
Internal Control Timer
Fast Write Cycle Time
Page Write Cycle Time - 10 ms Maximum
1 to 128-Byte Page Write Operation
Low Power Dissipation
40 mA Active Current
200 pA CMOS Standby Current
Hardware and Software Data Protection
DATA Polling for End of Write Detection
High Reliability CMOS Technology
Endurance: 10* or 10° Cycles
Data Retention: 10 Years
Single 5V + 10% Supply
CMOS and TTL Compatible Inputs and Outputs
JEDEC Approved Byte-Wide Pinout
Commercial and Industrial Temperature Ranges

Description

The AT28C010 is a high-performance Electrically Erasable and Programmable Read
Only Memory. Its 1 megabit of memory is organized as 131,072 words by 8 bits.
Manufactured with Atmel’s advanced nonvolatile CMOS technology, the device offers
access times to 120 ns with power dissipation of just 220 mW. When the device is
deselected, the CMOS standby current is less than 200 pA.

Pin Configurations TS0P
Pin Name _ Function Top View
AO - A16 Addresses o M, 2 B
= - A8l 3 30 p
CE Chip Enable A13 q4 29
— A4 5 8 P
OE Output Enable Ng WEE s . 2 :: §
WE Write Enable VEC e d® o u®h
A16 g 10 23p
uoo-yo7 | bad IR REN ol
Inputs/Outputs A7 13 2 P
A8 A5['E 14 15 18 19 3
NC No Connect A4 16 7B
DC Don’t Connect
PLCC
PDIP Top View
Top View A12 A16VCC_NC
W » A15 DC_WE
A6} 2 31
A1 3 30
A120] 4 29
A7) 5 28
A6} 6 27
A5 7 26
A4l 8 25
A3L] 9 24 1)
A2Cf10 23
At 1 22 3
A0 | 12 21 14151617
Voo L) 13 2 O's 12 3456
o1 14 19 GND
Vo215 18 )
eND ] 16 17 Note: PLCC package pin 1
is a DON'T CONNECT.

AlmEL
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(continued)

1 Megabit
(128K x 8)
Paged
CMOS
E’PROM

Commercial
and
Industrial

0353C

2-231



AIMEL

Description (Continued)

The AT28C010 is accessed like a Static RAM for the read
or write cycle without the need for external components.
The device contains a 128-byte page register to allow writ-
ing of up to 128-bytes simultaneously. During a write cy-
cle, the address and 1 to 128-bytes of data are internally
latched, freeing the address and data bus for other opera-
tions.. Following the initiation of a write cycle, the device
will automatically write the latched data using an internal
control timer. The end of ‘a write cycle can be detected by
DATA POLLING of I/07. Once the end of a write cycle has
been detected a new access for a read or write can begin.

Block Diagram

Atmel's 28C010 has additional features to ensure high
quality and manufacturability. The device utilizes internal
error correction for extended endurance and improved
data retention characteristics. An optional software data
protection mechanism is available to guard against inad-
vertent writes. The device also includes an extra 128-
bytes of E2PROM for device identification or tracking.

Ve —» DATA INPUTS/OUTPUTS
GND —» __ /00 - Y07
TTTTTEY.
OE —* __ _ o >
WE OE, CE AND WE DATA LATCH
— LOGIC INPUT/OUTPUT
CE —* BUFFERS
- Y DECODER > Y-GATING
ADDRESS o
INPUTS 7 q CELL MATRIX
X DECODER
e IDENTIFICATION
Absolute Maximum Ratings*
. N . *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Temperature Under Bias................. -55°C to +125°C mum Ratings” may cause permanent damage to the device.
) o o This is a stress rating only and functional operation of the
Storage Temperature............cocceuenne -65°C to +150°C device at these or any other conditions beyond those indi-
All Input Voltages cated in the operational sections of this specification is not
(including NC Pins) implied. Exposure to absolute maximum rating conditions
with Respect to Ground ................... -0.6V to +6.25V for extended periods may affect device reliabilty.
All Output Voltages
with Respect to Ground ............. -0.6V to Vcc + 0.6V
Voltage on OE and A9
with Respect to Ground ......... S -0.6V to +13.5V
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Device Operation

READ: The AT28C010 is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the outputs. The outputs are put in the high
impedance state when either CE or OE is high. This dual-
line control gives designers flexibility in preventing bus
contention in their system.

BYTE WRITE: A low pulse on the WE or CE input with CE
or WE low (respectively) and OE high initiates a write cy-
cle. The address is latched on the falling edge of CE or
WE, whichever occurs last. The data is latched by the first
rising edge of CE or WE. Once a byte write has been
started it will automatically time itself to completion. Once
a programming operation has been initiated and for the
duration of twc, a read operation will effectively be a poll-
ing operation.

PAGE WRITE: The page write operation of the AT28C010
allows 1 to 128-bytes of data to be written into the device
during a single internal programming period. A page write
operation is initiated in the same manner as a byte write;
the first byte written can then be followed by 1 to 127 ad-
ditional bytes. Each successive byte must be written within
150 ps (tBLc) of the previous byte. If the tBLc limit is ex-
ceeded the AT28C010 will cease accepting data and com-
mence the internal programming operation. All bytes dur-
ing a page write operation must reside on the same page
as defined by the state of the A7 - A16 inputs. For each
WE high to low transition during the page write operation,
A7 - A16 must be the same.

The A0 to A6 inputs are used to specify which bytes within
the page are to be written. The bytes may be loaded in any
order and may be altered within the same load period.
Only bytes which are specified for writing will be written;
unnecessary cycling of other bytes within the page does
not occur.

DATA POLLING: The AT28C010 features DATA Polling
to indicate the end of a write cycle. During a byte or page
write cycle an attempted read of the last byte written will
result in the complement of the written data to be pre-
sented on I/07. Once the write cycle has been completed,
true data is_valid on all outputs, and the next write cycle
may begin. DATA Polling may begin at anytime during the
write cycle.

TOGGLE BIT: In addition to DATA Polling the AT28C010
provides another method for determining the end of a write
cycle. During the write operation, successive attempts to
read data from the device will result in /06 toggling be-
tween one and zero. Once the write has completed, 1/06
will stop toggling and valid data will be read. Reading the
toggle bit may begin at any time during the write cycle.

AIMEL

DATA PROTECTION: If precautions are not taken, inad-
vertent writes may occur during transitions of the host sys-
tem power supply. Atmel has incorporated both hardware
and software features that will protect the memory against
inadvertent writes.

HARDWARE PROTECTION: Hardware features protect
against inadvertent writes to the AT28C010 in the follow-
ing ways: (a) Vcc sense - if Vcc is below 3.8V (typical) the
write function is inhibited; (b) Vcc power-on delay - once
Vcc has reached 3.8V the device will automatically time
out 5 ms (typical) before allowing a write: (c) write inhibit -
holding any one of OE low, CE high or WE high inhibits
write cycles; (d) noise filter - pulses of less than 15 ns (typi-
cal) on the WE or CE inputs will not initiate a write cycle.

SOFTWARE DATA PROTECTION: A software controlled
data protection feature has been implemented on the
AT28C010. When enabled, the software data protection
(SDP), will prevent inadvertent writes. The SDP feature
may be enabled or disabled by the user; the AT28C010 is
shipped from Atmel with SDP disabled.

SDP is enabled by the host system issuing a series of
three write commands; three specific bytes of data are
written to three specific addresses (refer to Software Data
Protection Algorithm). After writing the 3-byte command
sequence and after twc the entire AT28C010 will be pro-

. tected against inadvertent write operations. It should be

noted, that once protected the host may still perform a
byte or page write to the AT28C010. This is done by pre-
ceding the data to be written by the same 3-byte command
sequence used to enable SDP.

Once set, SDP will remain active unless the disable com-
mand sequence is issued. Power transitions do not dis-
able SDP and SDP will protect the AT28C010 during
power-up and power-down conditions. All command se-
quences must conform to the page write timing specifica-
tions. The data in the enable and disable command se-
quences is not written to the device and the memory ad-
dresses used in the sequence may be written with data in
either a byte or page write operation.

After setting SDP, any attempt to write to the device with-
out the 3-byte command sequence will start the internal
write timers. No data will be written to the device; however,
for the duration of twc, read operations will effectively be
polling operations.

(continued)
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Device Operation (Continued)

DEVICE IDENTIFICATION: An extra 128-bytes of OPTIONAL CHIP ERASE MODE: The entire device can
E2PROM memory are available to the user for device be erased using a 6-byte software code. Please see Soft-
identification. By raising A9 to 12V + 0.5V and using ad- ware Chip Erase application note for details.

dress locations 1FF80H to 1FFFFH the bytes may be writ-

ten to or read from in the same manner as the regular

memory array.

DC and AC Operating Range

] AT28C010-12 AT28C010-15 : AT28C010-20
Operating Com. 0°C - 70°C 0°C - 70°C 0°C - 70°C
Temperature (Case)  |pg, -40°C - 85°C -40°C - 85°C -40°C - 85°C
Vcc Power Supply 5V +10% 5V +10% 5V +10%

Operating Modes

Mode CE OE WE /0
Read ViL ViL ViH Dout
Write ) ViL ViH ViL DiN
Standby/Write Inhibit ViH x X High Z
Write Inhibit X X ViH
Write Inhibit X Vi X
Output Disable X ViH X HighZ -

Notes: 1. X canbe ViLor V.
2. Refer to AC Programming Waveforms.

DC Characteristics

Symbol Parameter Condition Min Max Units
L Input Load Current VIN =0V to Vcec + 1V 10 uA
Lo Output Leakage Current Viro =0V to Vce 10 HA
IsB1 Vcc Standby Current CMOS ~ CE = Veg - 0.3V to Ve + 1V 200 uA
IsB2 Vcc Standby Current TTL CE = 2.0V to Ve + 1V 3 mA
lcc Vce Active Current f =5 MHz; louT = 0 mA 40 mA
ViL Input Low Voltage 0.8 \
ViH Input High Voltage 2.0 Vv
VoL Output Low Voltage loL=2.1 mA .45 \'
VoH1 Output High Voltage loH = -400 pA 2.4 \
VoH2 Output High Voltage CMOS loH =-100 pA; Vee = 4.5V 4.2 \
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AC Read Characteristics

AT28C010-12 AT28C010-15 AT28C010-20
Symbol Parameter Min Max Min Max Min Max Units
tacc Address to Output Delay 120 150 200 ns
tce ) CE to Output Delay 120 150 200 ns
toe @ OE to Output Delay 0 50 0 55 0 55 ns
tor @4 | CE or OE to Output Float 0 50 0 55 0 55 ns
Output Hold from OE, CE or
toH Address, whichever 0 0 0 ns
occurred first
AC Read Waveforms "2%4
ADDRESS X nppReEssVALD X
CE
tCE —»
— e
OE p tOE —¥
L 1 &——{DF —»>
— tOH —»

[ &—— tACC —»>

HIGH Z

OUTPUT OUTPUT VALID [)—p—
Notes: 1. CE may be delayed up to tacc - tce after the address 3. tp is specified from OE or CE whichever occurs first
transition without impact on tacc. (CL =5 pF).
2. OE may be delayed up to tck - tog after the falling 4. This parameter is characterized and is not 100% tested.

edge of CE without impact on tce or by tacc - toe
after an address change without impact on tacc.

Input Test Waveforms and Output Test Load
Measurement Level 50V
3.0V
AC AC 1.8K
DRIVING MEASUREMENT outet
LEVELS LEVEL
0.0V 100 pF

1.3K
tR,tF<5ns @

Pin Capacitance (f = 1 MHz, T = 25°C) "

Typ Max Units Conditions
CiN 4 10 pF ViN = 0V
Cout 8 12 pF Vout = 0V

Note: 1. This parameter is characterized and is not 100% tested.
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AC Write Characteristics
Symbol Parameter ) Min Max Units
tas, toes Address, OE Set-up Time 0 ns
tAH Address Hold Time 50 ns
tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (ﬁ or E) 100 ns
tos Data Set-up Time 50 ns
tDH, tOEH Data, OE Hold Time 0 ns
AC Write Waveforms
WE Controlled
% ——Tioes v
ADDRESS ><
TS| —tAH
cE tCH
TiesT |
. h
~——tWPH
WP

tDS —| |~——tDH
DATA IN I’

CE Controlled

OE -
— ["toEs ,OEH\
ADDRESS
TAS | |-—tAH
WE tCH
N
CE OO7 N
e tWPH——
tWP
DS — tDH
DATA IN r
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Page Mode Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tAs Address Set-up Time 0 ns
tAH Address Hold Time 50 ns
tbs Data Set-up Time 50 ns
tDH Data Hold Time 0 ns
twp Write Pulse Width 100 ns
teLc Byte Load Cycle Time 150 us
twpH Write Pulse Width High 50 ns

Page Mode Write Waveforms (-2

_ f—
OE
SN2 A
tWPH
B Uaaawnlant
/;
/L__
/1_
DATA ><IALID DATA >< ><:><://
BYTE 0 BYTE 1 BYTE 2 BYTE 3’ BYTE126  BYTE 127
l—twc ~l

Notes: 1. A7 through A16 must specify the page address during each high to low transition of WE (or CE).
2. OE must be high only when WE and CE are both low.

Chip Erase Waveforms
VIH —

CE
ViL

VH
OE

VIH tS tH —
VIH

=

VIL
W,
ts = 5 psec (min.) |
tw = tH =10 msec (min.)
VH=12.0V £ 0.5V
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Software Data

AIMEL

Protection Enable Algorithm

LOAD DATA AA

ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA A0

ADDRESS 5555

WRITES ENABLED @

LOAD DATA XX

TO
ANY ADDRESS ¥

LOAD LAST BYTE
TO
LAST ADDRESS

ENTER DATA

Notes:
1. Data Format: 1/O7 - /00 (Hex);
Address Format: A14 - AO (Hex).

PROTECT STATE

2. Write Protect state will be activated at end of write even if no

other data is loaded.

3. Write Protect state will be deactivated at end of write period

even if no other data is loaded.
4. 1to 128-bytes of data are loaded.

Software Protected Program Cycle Waveform > %

Software Data
Protection Disable Algorithm "

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA 80
TO
ADDRESS 5555

LOAD DATA AA

ADDRESS 5555

LOAD DATA 55

ADDRESS 2AAA

LOAD DATA 20
TO
ADDRESS 5555

EXIT DATA

LOAD DATA XX

TO
ANY ADDRESS

LOAD LAST BYTE
TO
LAST ADDRESS

/A___
OE
/;
CE
tWP|  tWPH tBLC
f\_m \ J l /T
WE
1AS
/;
A0 - A6 BYTE ADDRESS
X X ,
2AAA 5555
A7 -A16 XPAGEADDRESS
DS DH
t t
DATA AA 55 A0 X >< >< )
BYTE 0 BYTE 126 BYTE 127
=—twc —=1

Notes: 1. AO - A14 must conform to the addressing sequence
for the first 3-bytes as shown above.
2. After the command sequence has been issued and a
page write operation follows, the page address inputs
(A7 - A16) must be the same for each high to low

transition of WE (or CE).

2238 AT28C010 Com/Ind
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Data Polling Characteristics "

Symbol Parameter Min Typ Max Units

tDH Data Hold Time 10 ns

toEH OE Hold Time 10 ns

toe OE to Output Delay @) ns

tWR Write Recovery Time 0 ns
Notes: 1. These parameters are characteriz