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DATA SHEET MARKINGS 

Microchip uses various data sheet markings to designate each document phase as it relates to the product develop
ment stage. The markings appear at the bottom of the data sheet, between the copyright and document and page 
numbers. The definitions for each mark,ing are provided below for your use. 

Marking Description 

Advanced Information The information is on products in the design phase. Your designs should not be final
ized with this information as revised information will be published when the product 
becomes available. 

Preliminary This is preliminary information on new products in production but not yet fully charac
terized. The specifications in these data sheets are subject to change without notice. 
Before you finalize your design, please ensure that you have the most current revision 
of the data sheet by contacting your Microchip sales office, representative or distribu
tor. 

No Marking Information contained in the data sheet is on products in full production. 

"Information contained in this publication regarding device applications 
and the like is intended through suggestion only and may be superseded 
by updates. No representation or warranty is given and no liability is 
assumed by Microchip Technology Inc. with respect to the accuracy or 
use of such information, or infringement of patents arising from such use 
or otherwise. use of Microchip's products as critical components in life 
support systems is not authorized except with express written approval by 
Microchip. No licenses are conveyed, implicitly or otherwise, under any 
intellectual property rights." 
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MICROCHIP Microchip Technology Inc. 

Company Profile 

INTRODUCTION TO THE EMBEDDED 
CONTROL SOLUTIONS COMPANY™ 
Microchip Technology's mission is to offer leadership 
semiconductor products for embedded control system 
applications. To do this we have focused our technol
ogy, engineering, manufacturing and marketing 
resources on two synergistic product lines: 8-bit 
PIC16/17 microcontrollers and Serial EEPROMS. 
These product lines provide the solutions to many of 
the problems facing designers of embedded control 
systems. 

We publish the Microchip Data Book and Embedded 
Control Handbook to assist our customers, existing 
and new, in their efforts to design and produce 
state-of-the-art embedded control systems. 

HIGHLIGHTS 

Inside Microchip Technology you'll find: 

• A focus on providing high-performance, 
cost-effective, field-programmable embedded 
control solutions 

• An experienced executive team focused on inno
vation and committed to listening to our custom
ers 

• 8-bit RISC field-programmable microcontrollers 
and supporting logic products 

• Serial and Parallel EEPROMs and EPROMs 

Chandler, Arizona: 

Company headquarters near Phoenix, Arizona; execu
tive offices, R & D and wafer fabrication occupy this 
142,000-square-loot facility. An additional 100,000 
square foot adjacent facility is under construction with 
completion expected in mid-1995. 

© 1995 Microchip Technology Inc. 

• A variety of end-user Application-Specific 
Standard Products 

• Fuily iniegraied manuiaciuring capabilities 

• A global network of manufacturing and customer 
support facilities 

• A unique corporate culture dedicated to continu
ous improvement 

• Distributor network support worldwide including 
certified distribution FAEs 

BUSINESS SCOPE 

Microchip Technology Inc. manufactures and markets 
a variety of VLSI CMOS semiconductor components to 
support the market for cost-effective embedded control 
solutions. In particular, the company specializes in 
highly integrated, field-programmable RISC microcon
trollers, application-specific standard products and 
related non-volatile memory products to meet growing 
market requirements for high performance, yet eco
nomical embedded control capability in products. 
Microchip's products feature the industry's most eco
nomical OTP (one-time programmable), reprogramma
ble EEPROM and ROM capability, along with the 
compact size, integrated functionality, ease of develop
ment and technical support so essential to timely and 
cost-effective product development by our customers. 

Tempe, Arizona: 

Microchip's 170,000-square-foot wafer fabrication facil
ity provides increased manufacturing capacity today 
and for the future. 

DS00027K-page 1-1 
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MICROCHIP 

- Mission Statement -

Microchip Technology Incorporated is a leading supplier of field-programmable embedded control solutions by pro
viding RISC microcontrollers and related non-volatile memory products. In order to contribute to the ongoing suc
cess of customers, shareholders and employees, our mission is to focus resources on high value, high quality 
products and to continuously improve all aspects of our business, providing a competitive return on investment. 

- Guiding Values -

Customers Are Our Focus: We establish success
ful customer partnerships by exceeding customer 
expectations for products, services and attitude. We 
start by listening to our customers, earning our cred
ibility by producing quality products, delivering com
prehensive services and meeting commitments. We 
believe each employee must effectively serve their 
internal customers in order for Microchip's external 
customers to be properly served. 

Quality Comes First: We will perform correctly the 
first time, maintain customer satisfaction and mea
sure our quality against requirements. We practice 
effective and standardized improvement methods, 
such as statistical process control to anticipate prob
lems and implement root cause solutions. We 
believe that when quality comes first, reduced costs 
follow. 

Continuous Improvement Is Essential: We utilize 
the concept of "Vital Few" to establish our priorities. 
We concentrate our resources on continuously 
improving the Vital Few while empowering each 
employee to make continuous improvements in their 
area of responsibility. We strive for constructive and 
honest sell-criticism to identify improvement oppor
tunities. 

Employees Are Our Greatest Strength: We 
design jobs and provide opportunities promoting 
employee teamwork, productivity, creativity, pride in 
work, trust, integrity, fairness, involvement, develop
ment and empowerment. We base recognition, 
advancement and compensation on an employee's 
achievement of excellence in team and individual 
performance. We provide for employee health and 
welfare by offering competitive and comprehensive 
employee benefits. 

Products And Technology Are Our Foundation: 
We make ongoing investments and advancements 
in the design and development of our manufacturing 
process, device, circuit, system and software tech
nologies to provide timely, innovative, reliable and 
cost effective products to support current and future 
market opportunities. 

OS00027K-page 1-2 

Total Cycle Times Are Optimized: We focus 
resources to optimize cycle times to our internal and 
external customers by empowering employees to 
achieve efficient cycle times in their area of responsibil
ity. We believe that cycle time reduction is achieved by 
streamlining processes through the systematic 
removal of barriers to productivity. 

Safety Is Never Compromised: We place our con
cern for safety of our employees and community at the 
forefront of our decisions, policies and actions. Each 
employee is responsible for safety. 

Profits And Growth Provide For Everything We Do: 
We strive to generate and maintain competitive rates of 
company profits and growth as they allow continued 
investment for the future, enhanced employee opportu
nity and represent the overall success of Microchip. 

Communication Is Vital: We encourage appropriate, 
honest, constructive, and ongoing communication in 
company, customer and community relationships to 
resolve issues, exchange information and share knowl
edge. 

Suppliers, Representatives, And Distributors Are 
Our Partners: We strive to maintain professional and 
mutually beneficial partnerships with suppliers, repre
sentatives, and distributors who are an integral link in 
the achievement of our mission and guiding values. 

Professional Ethics Are Practiced: We manage our 
business and treat customers, employees, sharehold
ers, investors, suppliers, distributors, representatives, 
community and government in a manner that exempli
fies our honesty, ethics and integrity. We recognize 
our responsibility to the community and are proud to 
serve as an equal opportunity employer. 

© 1995 Microchip Technology Inc. 
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MARKET FOCUS 

Microchip targets selected markets where our 
advanced designs, progressive process technology 
and industry-leading product performance enable us to 
deliver decidedly superior performance. The company 
has positioned itself to maintain a dominant role as a 
supplier of high-performance, field-programmable 
microcontrollers and associated memory and logic 
products for embedded control applications which are 
fo:.:rid throughout the consumer, at.rtornot!ve, telecom
munication, office automation and industrial control 
markets. 

FULLY INTEGRATED 
MANUFACTURING 

Microchip delivers fast turnaround and consistent qual
ity through total control over all phases of production. 
Research and development, design, mask making, 
wafer fabrication, and the major part of assembly and 
quality assurance testing are conducted at facilities 
wholly-owned and operated by Microchip. Our inte
grated approach to manufacturing along with rigorous 
use of advanced statistical process control (SPC) and 
a continuous improvement culture has resulted in high 
and consistent yields which have positioned Microchip 
as a quality leader in its global markets. Microchip's 
unique approach to SPC provides customers with 
excellent costs, quality, reliability and on-time delivery. 

A GLOBAL NETWORK OF PLANTS 
AND FACILITIES 

Microchip is a global competitor providing local service 
to the world's technology centers. The Company's focal 
point is its design and technology advancement facility 
in Chandler, Arizona. Product and technology develop
ment is located here, along with front-end wafer fabri
cation and wafer probe and sort. 

In 1994, Microchip purchased a second wafer fabrica
tion facility in Tempe, Arizona - thirteen miles from its 
Chandler, Arizona, headquarters. The additional 
170,000 square foot facility is meeting production 
requirements beyond those which could be produced 
in Microchip's Chandler wafer facility. Assembly and 
test facilities predominantly located in Kaohsiung, Tai
wan, and Bangkok, Thailand, house the technology 
and assembly and test equipment necessary for mod
em plastic and ceramic packaging. 

Sales and application offices are located in key cities 
throughout the Americas, Asia/Pacific, Japan and 
Europe. Offices are staffed to meet the high quality 
expectations of our customers, and can be accessed 
for technical and business support. 

© 1995 Microchip Technology Inc. 

EMBEDDED CONTROL OVERVIEW 

Unlike "processor" applications such as personal com
puters and workstations, the computing or controlling 
elements of embedded control applications are buried 
inside the application. The user of the product is only 
concerned with the very top-level user interface (such 
as keypads, displays and high-level commands). Very 
rarely does an end-user know (or care to know) the 
embedded controller inside (unlike the conscientious 
PG m•e•s. who are intimately familiar not only with the 
processor type, but also its clock speed, OMA capabil
ities and so on). 

It is, however, most vital for designers of embedded 
control products to select the most suitable controller 
and companion devices. Embedded control products 
are found in all market segments: consumer, commer
cial, PC peripherals, automotive, telecommunications 
(including fast-emerging personal telecommunication 
products) and industrial. Most often embedded control 
products must meet special requirements: cost-effec
tiveness, low power, small footprint and a high level of 
system integration. 

Typically, most embedded control systems are 
designed around a microcontroller which integrates 
on-chip program memory, data memory (RAM) and 
various peripheral functions, such as timers and serial 
communication. In addition, these systems also usu
ally require Serial EEPROM memories, display drivers, 
keypads, small displays, etc. 

Microchip Technology has established itself as a lead
ing supplier of field-programmable embedded control 
solutions. The combination of high-performance micro
controllers from the PIC17CXX, PIC16CXX and 
PIC16C5X families, along with industry leading nonvol
atile memory products provides the basis for this lead
ership. 

Microchip is committed to continuous innovation and 
improvement in design, manufacturing and technical 
support to provide the best possible embedded control 
solutions to you. 

DS00027K-page 1-3 
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MICROCONTROLLERS 

PIC16/17 microcontrollers from Microchip combine 
high perfonnance, low cost and small package size, 
offeringthe best price/performance ratio in the industry. 
Over 200 million of these devices have been used in 
cost-sensitive consumer products, computer peripher
als, office automation, automotive control systems, 
security and telecommunication applications. 

PIC16117 MICROCONTROLLER 
OVERVIEW AND ROADMAP 

Microchip offers three families of 8-bit microcontrollers 
to best fit your needs: 

• PIC16C5X: Base-Line 8-bit Family 
• PIC16CXX: Mid-Range 8-bit Family 

• PIC17CXX: High-End 8-bit Family 

All families offer One-Time-Programmable, low-voltage 
and low-power options, as well as various packaging 
options. Selected members are available in ROM and 
reprogrammable versions. 

The widely-accepted PIC16C5X, PIC16CXX and 
PIC17CXX families are the industry's only 8-bit micro
controllers using a high-speed RISC architecture. 
Microchip pioneered the use of RISC architecture to 
obtain high speed and instruction efficiency. 

PIC16C5X: BASE-LINE FAMILY 

PIC16C5X is the well established base-line family 
offering the most cost-effective solution. This 
PIC16C5X products have a 12-bit wide instruction set 
and are currently offered in 18-, 20- or 28-pin pack
ages. In SOIC and SSOP packaging options, these are 
the smallest footprint controllers. Low-voltage opera
tion down to 2.0V makes this family ideal for battery 
operated applications. 

The PIC16C5X base-line family is in high-volume pro
duction, shipping in the range of one million units per 
week, and has achieved more than twenty-five thou
sand design wins worldwide. 

PIC16CXX: MID-RANGE FAMILY 

PIC16CXX mid-range family offers a wide-range of 
options, from 18-pin to 44-pin packages as well as low 
to high level of peripheral integration. This family has 
a 14-bit wide instruction set, interrupt handling capabil· 
ity and deeper 8-level hardware stack. The PIC16CXX 
family provides the performance and versatility to meet 
the requirements of more demanding, yet cost-sensi
tive, mid-range 8-bit applications. 

The PIC16CXX mid-range family is rapidly gaining 
acceptance with several of its members introduced: 
PIC16C61, PIC16C62, PIC16C63, PIC16C64, 
PIC16C65, PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C73, PIC16C74 and PIC16C84. 

DS00027K-page 1-4 

PIC17CXX: HIGH-END FAMILY 

The PIC17CXX high-perfonnance family offers the 
world's fastest execution performance of any 8-bit 
microcontroller family in the industry. The PIC17CXX 
family extends the PIC16/17 microcontroller's 
high-performance RISC architecture with a 16-bit 
instruction word, enhanced instruction set and powerful 
vectored interrupt handling capabilities. A powerful 
array of precise on-chip peripheral features provide the 
performance for the most demanding 8-bit applica
tions. 

Currently, two members of the PIC17CXX family have 
been announced. A third member will be available 
soon. 

Current PIC16/17 microcontroller product families 
include advanced features such as sophisticated tim
ers, embedded Analog-to-Digital Converter, extended 
instruction/data memory, inter-processor communica
tion (12C™ bus, SPI and USARTs) and ROM, RAM, 
EPROM and EEPROM memories. 

Both PIC16CXX and PIC17CXX families are supported 
by user-friendly development systems including 
assembler, software simulator, C Compiler, fuzzy logic 
development software, programmers and in-circuit 
emulators. 

t PIC17CXX 

I PIC16CXX 

fl 

~ .g PIC16C5X 
~ 

ROM EPROM EEPROM 

CMOS PIC16/17 
Microcontroller Families 

*In development. 

High-End 
16-Bit 
Instruction 

Mid-Range 
14-Bit 
Instruction 

Base-Line 
12-Bit 
Instruction 
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FIGURE 1: PIC16/17 MICROCONTROLLER MIGRATION PATH 

• 8 ·;: 
Q. 

~ In Production 

e==:> In Development 

Performance 

FIGURE 2: PIC16/17 SYNERGISTIC DEVELOPMENT TOOLS 

Development Tool Name PIC16C5X PIC16CXX PIC17CXX 

Assembler MPASM ti' ti' ti' 

Software Simulator MPSIM ti' ti' ti' 

C Compiler* MP-C ti' ti' ti' 

Entry Level Development Kit PICSTART® ti' ti' Planned 

Universal Programmer PRO MATE™ ti' ti' ti' 

Universal In-Circuit Emulator PICMASTER® ti' ti' ti' 

Fuzzy Logic Development Tool fuzzyTECH®-MP ti' ti' ti' 

• Available from Byte Craft Limited in Canada. 
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PIC16/17 NAMING CONVENTION 

The PIC16/17 architecture offers users a wide range of 
cost/performance options of any 8-bit microcontroller 
family. In order to .identify the families, the following 
naming conventions have been applied to the 
PIC16/17 microcontrollers. 

TABLE 1: PIC16/17 NAMING CONVENTION 
Family Architectural Features Name Technology Products 

Base-Line 8-bit • 12-bit wide instruction set PIC16C5X OTP program memory, PIC16C54 
Microcontroller • DC - 20 MHz clock speed PIC16C5XA digital only PIC16C54A 

Family • 200 ns instruction cycle (Note 1) PIC16C55 
>< PIC16C56 Ill 
(,) 

PIC16C57 IO .,... 
PIC16C58A S:! 

CL 
PIC16CR5X ROM program memory, PIC16CR54 

PIC16CR5XA digital only PIC16CR57A 
(Note 1) PIC16CR58A 

Mid-Range • 14-bit wide instruction set PIC16C6X OTP program memory, PIC16C61 
8-bit Microcon- • lntemaVextemal interrupts digital PIC16C62 
troller Family • DC • 20 MHz clock speed P1Cj6C63 

(Note 3) PIC16C64 

• 200 ns instruction cycle 
PIC16C65 

(@20 MHz) PIC16CR6X ROM program memory, 

~ digital only 
(,) 

PIC16C62X OTP program memory PIC16C620 IO .,... 
S:! with comparators PIC16C621 
CL PIC16C622 

PIC16C7X OTP program memory, PIC16C71 
with analog functions PIC16C73 

(e.g.A/D) PIC16C74 

PIC16C8X EEPROM program and PIC16C84 
data memory 

PIC16CR8X ROM program and 
EEPROM data memory 

High-End 8-bit • 16-bit wide instruction set PIC17C4X OTP program memory, 
>< Microcontroller • lntemaVextemal interrupts digital only t1 .... Family • DC - 25 MHz clock speed .,... 

~ • 160 ns instruction cycle PIC17CR4X ROM program memory, 
digital only 

Note 1: "A" designates a more advanced process technology, generally offering customers the benefits of lower 
power, higher speed, etc. (example: PIC16C54, PIC16C54A). Sometimes it designates additional func
tions such as the addition of Brown-out detect. 

Note 2: The numbering system within each family is not necessarily significant. 

Note 3: The maximum clock speed for some devices is less than 20 MHz. 

Please check with your local Microchip distributor, sales representative or sales office for the latest product information. 
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FIGURE3: PIC16/17 8-BIT MCU FAMILY 

PIC17C4X: 
OTP Program Memory 

PIC16C8X: 
EEPROM Program and Data Memory 

PIC16C7X: 
OTP Program Memory with Analog 

PIC16C62X: 
OTP Program Memory with Comparators 

PIC16C6X OR PIC16CR6X: 
OTP or ROM Program Memory 

PIC16C5X/5XA: 
OTP Program Memory 

PIC16CR5X/5XA: 
ROM Program Memory 

THE ADVANTAGE OF FIELD 
PROGRAMMABILITY 

The PIC16/17 microcontroller family provides a unique 
combination of a high-performance RISC processor 
with cost-effective One-Time-Programmable (OTP) 
technology. Cost-effective OTP provides many benefits 
to the user at prices which can be comparable to com
peting ROM solutions. The benefits include: 1) quick 
time-to-market, 2) ease of code changes, 3) ability to 
provide adaptable solutions to end-customer require
ments, 4) ability to meet upside potential via inventory 
positions at Microchip or worldwide distribution, 5) 
reduced scrappage in manufacturing, 6) reduced 
inventory in manufacturing, and 7) reduced 
work-in-process liability. 

For most manufacturers, getting the product to market 
quickly has become the number one goal as global 
markets have become more competitive. Time-to-mar
ket puts pressure on all functions within the manufac
turing process: development, purchasing, production, 
and marketing and sales. Field-programmable OTP 
technology streamlines the process for all stages in the 
product life cycle. 

In the early product development stages, a program
mable microcontroller allows much of the functionality 
to be implemented in software which can be modified 
more easily than hardware-only solutions. 

© 1995 Microchip Technology Inc. 

In the manufacturing stage, the compression of the 
product life cycle curve puts pressure on the manage
ment of inventory and manufacturing cycle times. Min
imizing inventory reduces the ability to meet upside 
demand. Using a traditional ROM-based microcontrol
ler limits the ability to respond to the market with prod
uct enhancements or semi-customized products for 
specific customers. Using the standard OTP-based 
PIC16/17 microcontroller solves all these issues. 
Inventory can be managed effectively by using the 
same device in several systems. Costs can be reduced 
due to volume purchasing. Upsides can be met from 
either safety stock, directly from Microchip, or local dis
tributors who regularly inventory all the PIC16/17 
microcontroller devices. A sudden decline in demand 
means no work-in-process ROM-based inventory and 
any excess safety stock can be consumed by the other 
products using the same standard device. 

OTP is the 'Flexible Manufacturing' technology of the 
microcontroller world. As competition intensifies, the 
demand for customer-specific products increases. 
Having the ability to change (for example, the appear
ance of LCD displays or add extra features in a timely 
manner) can be a key competitive advantage. Pro
gramming the OTP device on the manufacturing floor 
allows easy customizing and internal tracking of the 
devices for each specific customer. Customization can 
significantly increase the overall product life cycle to 
provide better return on investment and help minimize 
the threat of competition. 
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DEVELOPMENT SYSTEMS 

Microchip is committed to providing useful and innova
tive solutions to your embedded system designs. 
Among the support products offered are the PICMAS
TER® real-time universal in-circuit emulator running 
under Windows™ environment, PICMASTER is 
designed to provide product development engineers 
with an optimized design tool for developing target 
applications. This universal in-circuit emulator provides 
a complete microcontroller design tool set for all micro
controllers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. PRO MATE™, the full-featured 
device programmer, enables you to quickly and easily 
program user software into PIC16C5X, PIC16CXX and 
PIC17CXX CMOS microcontrollers. The PRO MATE 
operates as a stand-alone unit or in conjunction with a 
PC compatible host system. The PICSTART® develop
ment kit, a low-cost development system for the 
PIC16C5X/16CXX families of microcontrollers, 
includes an assembler for code development, a simu
lator for debug and a development programmer board. 
PICSEEKIT and PICSEESTART provide product 
development engineers with a cost-effective and tin\ely 
design tool solution for the MTA8XXXX family of ASSP 
products. 

The Serial EEPROM Designer's Kit includes every
thing necessary to read, write, erase or program spe
cial features of any Microchip Serial EEPROM 
products including Smart Serials™ and secure serials. 
The Total Endurance™ Disk is included to aid in 
trade-off analysis and reliability calculations. The total 
kit can significantly reduce time-to-market and result in 
an optimized system. 

The TrueGauge™ development tool supports system 
development with the MTA 11200 TrueGauge Intelligent 
Battery Management IC. 

SOFTWARE SUPPORT 

Microchip's PIC16/17 microcontrollers families are 
supported by an assembler, compiler, software simula
tor and fuzzy logic development software. MPASM is a 
universal macro assembler supporting Microchip's 
entire product line of microcontrollers. MPSIM, a dis
crete event software simulator, is designed to imitate 
operation of. PIC16C5X, PIC16CXX and PIC17CXX 
microcontrollers. It allows the user to debug software 
that will use any of these microcontrollers. 

A full-featured C Compiler and Fuzzy Logic support are 
also available for all three microcontroller families. 

Microchip endeavors at all times to provide the best 
service and responsiveness possible to its customers. 
The Microchip Systems Bulletin Board Service (BBS) is 
one service to facilitate this process. It's a multi-faceted 
tool that can provide you with information on a number 
of different topics. Special Interest Groups available 
through the BBS can provide you with the opportunity 
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to discuss issues and topics of interest with others that 
share your interest or questions. The BBS is regularly 
used to distribute technical information, application 
notes source codes, errata sheets, bug reports, interim 
patches for Microchip systems products and user con
tributed files for distribution. 

APPLICATION-SPECIFIC STANDARD 
PRODUCTS (ASSPs) 

Microchip's Application-Specific Standard Products 
(ASSP) provide value-added embedded control solu
tions by combining PIC16/17 microcontroller architec
ture, non-volatile memory and innovative software 
technology for vertical applications. These products 
incorporate technology that offers a complete solution 
that is both unique to the customer and standard in 
manufacture to Microchip. In addition, Microchip 
ASSPs reduce or remove the barriers for customers to 
use Microchip solutions in their products through the 
use of software embedded in secure OTP- or 
ROM-based microcontrollers. The family is packaged 
to provide the highest integration to the customer at the 
best overall system cost. 

The MTA11200 family is the most accurate and most 
integrated battery management and charging solution 
available today. The TrueGauge family incorporates 
Microchip/SPAN patented technology which digitally 
integrates battery charge and discharge current to pro
vide an accurate (>97% typical) state of charge indica
tion. The family operates with NiCd and NiMH and lead 
acid battery packs from 3 VDC to 25 VDC. These prod
ucts are ideal for portable PC, cellular phone and por
table consumer product applications. 

The MTA14000 programmable Intelligent Battery Man
agement IC allows engineers to design intelligent con
trollers for smart batteries, battery chargers, battery 
status monitoring, uninterruptible power supplies, 
HVAC and other data acquisition and processing 
required for managing energy. The MTA14000's pro
grammable 4K words of program memory and 192 
bytes of RAM allows it to support any battery technol
ogy including Li Ion, NiMH, NiCd, Pb acid, Zinc Air. In 
addition, the products 12C port enables any system 
OEM, battery pack VAR and battery manufacturer to 
design, build and market SBD-compliant products sup
porting the System Management Bus™ standard. 

The MTE1122 Energy Management Controller com
bines Microchip's proprietary PIC16/17 8-bit RISC 
microcontroller technology with a unique, patent pend
ing power management firmware algorithm in a single 
package. This device, by monitoring and controlling the 
supply requirements into an AC induction motor, effec
tively reduces the power consumed by the motor. The 
MTE1122 is available in both plastic DIP and 
space-saving SOIC packages, and operates over com
mercial and industrial ranges. 
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Ease-of-use, low voltage and low cost make the 
MTA41XXX mouse and trackball MCU firmware solu
tions ideal for implementing new designs for both PCs 
and Apple® computers. The products in the 
MTA41XXX family are 18-lead, low-power CMOS 
microcontroller !Cs combined with application-specific 
software. By adding a few external components, the 
user can easily realize a complete mouse or trackball 
system. 

The MTA8XXXX PICSEE™ family of cost-effective sys
tem solutions integrates PIC16/17 microcontrollers 
with EEPROM technology. These PICSEE devices are 
ideally suited for automotive security, keyless entry, 
remote control, data acquisition and telecommunica
tion applications. The combined product assembly 
techniques provide the user the highest performance 
solution in a compact and cost-effective package. 

Future ASSP products will include advanced features 
such as mixed analog and digital capability as well as 
an ever broadening family of turnkey software solutions 
for the embedded control market. 

SERIAL EEPROM OVERVIEW 

Microchip offers one of the broadest selections of 
CMOS Serial EEPROMs on the market for embedded 
control systems. Serial EEPROMs are available in a 
variety of densities, operating voltages, bus interface 
protocols, operating temperature ranges and space 
saving packages. 

Densities: 
Currently range from 1 K to 64K with higher density 
devices in development. 

Bus Interface Protocols: 
All major protocols are covered: 2-wire, 3-wire and 
4-wire. 

Operating Voltages: 
In addition to standard 5V devices there are two low 
voltage families. The "LC" devices operate down to 
2.5V, while the breakthrough "AA" family operates, in 
both read and write mode, down to 1.8V, making these 
devices highly suitable for alkaline and NiCad battery 
powered applications. 

Temperature Ranges: 
Like all Microchip devices, Serial EEPROMs are 
offered in Commercial (O'C to 70'C), Industrial (-40'C 
to 85'C) and Automotive (-40'C to 125'C) operating 
temperature ranges. 

Packages: 
The focus is on small packages. Small footprint pack
ages include: 8-lead DIP, 8-lead SOIC in JEDEC and 
EIAJ body widths, and 14-lead SOIC. The SOIC comes 
in two body widths; 150 mil and 207 mil. 

© 1995 Microchip Technology Inc. 

In February 1995, Microchip announced its 10 million 
Erase/Write cycle guarantee - an endurance break
through unmatched by its competitors. The Company 
has also developed the world's first 64K Smart Serial 
EEPROM which provided four times the speed, four 
times the memory and four times the features of any 
competitive 2-wire Serial EEPROM. Device densities 
range from 256 bits up to 64K bits. Another first is the 
24LC21, the only single chip DDC1/DDC2™-compati
ble solution for plug-and-play video monitors. 

Microchip is a high-voiume supplier of Serial 
EEPROMs to all the major markets worldwide including 
consumer, automotive, industrial, computer and com
munications. To date, more than 300 million units have 
been produced. Microchip continues to develop new 
Serial EEPROM solutions for embedded control appli
cations. 

Microchip's erase/write cycle endurance is among the 
best in the world, and only Microchip offers unique and 
powerful development tools such as the Total Endur
ance disk. This mathematical software model is an 
innovative tool used by system designers to optimize 
Serial EEPROM performance and reliability within the 
application. 

PARALLEL EEPROM OVERVIEW 

CMOS Parallel EEPROM devices from Microchip are 
available in 4K, 16K and 64K densities. The manufac
turing process used for these EEPROMs ensures 
10,000 to 100,000 write and erase cycles typical. Data 
retention is more than 1 O years. Fast write times are 
less than 200 µs. These EEPROMs work reliably under 
demanding conditions and operate efficiently at tem
peratures from -40°C to +85°C. Microchip's expertise 
in advanced SOIC, TSOP and VSOP surface mount 
packaging supports our customers' needs in 
space-sensitive applications. 

Typical applications include computer peripherals, 
engine control, pattern recognition and telecommuni
cations. 

OTP EPROM OVERVIEW 

Microchip's CMOS EPROM devices are produced in 
densities from 64K to 512K. High-speed EPROMs 
have access times as low as 55 ns. Typical applications 
include computer peripherals, instrumentation and 
automotive devices. Microchip's expertise in surface 
mount Packaging on SOIC, TSOP and VSOP pack
ages led to the development of the Surface Mount 
one-time-programmable (OTP) EPROM market where 
Microchip is a leading supplier today. Microchip is also 
a leading supplier of low-voltage EPROMs for battery 
powered applications. 
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EASE OF PRODUCTION UTILIZING 
QUICKTURN PROGRAMMING {QTP) 
A.ND SERIALIZED QUICK TURN 
PROGRAMMING {SQTPSM) 

Recognizing the needs of high-volume manufacturing 
operations, Microchip has developed two programming 
methodologies which inake the OTP products as easy 
to use in manufacturing as they are efficient in the sys
tem development stage. 

Quick Tum Programming allows factory programming 
of OTP product prior to delivery to the system manufac
turing operation. PIC16/17, EPROM and Serial 
EEPROM products can be automatically programmed 
with the users program during the final stages of the 
test operation at Microchip's assembly and test opera
tions in Philippine Islands, Taiwan and Thailand. This 
low-cost programming step allows the elimination of 
programming during system manufacturing and essen
tially allows the user to treat the PIC16/17 and memory 
products as custom ROM products. With one- to 
four-week lead times on OTP product, the user no 
longer needs to plan for the extended ROM masking 
lead times and masking charges associated with cus
tom ROM products. This capability, combined with the 
off-the-shelf availability of standard OTP product, 
ensures the user of product availability and the ability 
to reduce his time-to-market once product develop
ment has been completed. 

Unique in the 8-bit microcontroller market is Micro
chip's ability to enhance the OTP capability with Serial
ized Quick Tum Programming (SQTP). SQTP allows 
for the programming of devices with unique, random or 
serialized identification codes. As each PIC16/17 
device is programmed with the customers program 
code, a portion of the program memory space can be 
programmed with a unique code, accessible from nor
mal program memory, which will allow the user to pro
vide each device with a unique identification. This 
capability is ideal for embedded systems applications 
where the transmission of key codes or identification 
of the device as a node within a network are essential. 
Taking advantage of this capability allows the system 
designer to eliminate the requirement for expensive 
off-chip code implementation using DIP switches or 
nonvolatile memory components. The SQTP offering, 
pioneered by Microchip, provides the embedded sys
tems designer with a low cost means of putting a 
unique and custom device into every system or node. 
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FUTURE PRODUCTS AND 
TECHNOLOGY 

New process technology is constantly being developed 
for microcontroller, ASSP, EEPROM and high-speed 
EPROM products. Advanced process technology mod
ules and products are being developed that Will be inte
grated into present product lines to continue to achieve 
a range of compatible processes. Current production 
technology utilizes lithography dimensions down to 0.9 
microns. 

Microchip's current research and development activi
ties focus on the design of new microcontroller and 
specialty memory products, ASSPs, new development 
systems, and software and application-specific soft
ware libraries. The Company is also developing new 
design and process technology to achieve further cost 
reductions and performance improvements in existing 
products. 

As of September 1994, Microchip owned 15 U.S. pat
ents and three foreign patents, expiring on various 
dates beginning in the year 2001 and ending in the year 
2011, and had an additional 20 U.S. patent applications 
and six foreign patent applications pending. The Com
pany intends to continue to seek, and expand its efforts 
to acquire, patents on its inventions used in its products 
and manufacturing processes. 

Equipment is continually updated to bring the most 
sophisticated process, CAD and testing tools online. 
Cycle times for new technology development are con
tinuously reduced by using in-house mask generation, 
a high-speed pilot line within the manufacturing facility 
and continuously improving methodologies. 

More advanced technologies are under development, 
as well as advanced CMOS RISC-based microcontrol
ler, ASSP and CMOS EEPROM and EPROM products. 
Objective specifications for new products are devel
oped by listening to our customers and by close coop
eration with our many customer-partners worldwide. 

© 1995 Microchip Technology Inc. 
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MICROCHIP SERIAL EEPROMS 
Serial EEPROM Selection Guide 

CMOS SERIAL EEPROMS 

1:2C''" Serial EEPROMs 

Device Compatibility 

24AA01 Industry 

24AA02 Industry 

24AA04 Industry 

24AA08 Industry 

24AA 16 Industry 

Density! 
Organization 

1K bits (128 x 8) 

2K bits (256 x B) 

Page 
Buffer 

Write 
Speed 

Max 
Clock 
Freq. 

B bytes 1 O ms 400 KHz 

B bytes 1 O ms 400 KHz 

4K bits (512 x B) 16 bytes 1 Oms 400 KHz 

BK bits (1K x 8) 16 bytes 10 ms 400 KHz 

16K bits (2K x 8) 16 bytes 10 ms 400 KHz 

16K bits (2K x 8) 16 bytes 10 ms 400 KHz 

Endur- Temp # 
ance Range Pins 

8 

8 

Package 
Types 

Operating 
Voltage 

P,SN,SM 1.BV - 5.5V 

P,SN,SM 1.BV - 5.5V 

10M 

1M• 

1M• 

1M• 

10M 

10M 

8, 14 P,SN,SM,SL 1.BV - 5.5V 

8, 14 P,SN,SM,SL 1.BV - 5.5V 

P,SN,SL 1.8V - 5.5V 

24AA 164 Atmel, Xicor 

24AA32 Sole Source 2K bits (4K x 8) 

1 K bits (128 x B) 

2K bits (256 x B) 

64 bytes 5 ms/pg 100 kHz 1 OMl1 OOK 

c 
c 
c 
c 
c 
c 
c 

C,I 

C,I 

C,I 

C,I 

C,I 

C,I 

8,14 

B 

8 

8 

B 

P,SN 

P,SM 

1.8V-5.5V 

1.8V-5.5V 

24LC01B Industry 

24LC028 Industry 

24LC048 Industry 

24LC088 Industry 

24LC168 Industry 

24LC164 Atmel, Xicor 

8 bytes 1 O ms 400 KHz 

B bytes 1 0 ms 400 KHz 

4K bits (512 x B) 16 bytes 10 ms 400 KHz 

BK bits (1K x 8) 16 bytes 10 ms 400 KHz 

16K bits (2K x 8) 16 bytes 1 O ms 400 KHz 

16K bits (2K x B) 16 bytes 1 O ms 400 KHz 

10M 

1M• 

1M• 

1M• 

10M 

10M 

P,SN,SM 2.5V - 5.5V 

P,SN,SM 2.5V - 5.SV 

8, 14 P,SN,SM,SL 2.SV - 5.5V 

8, 14 P,SN,SM,SL 2.5V - 5.5V 

P,SN,SL 2.5V - 5.5V 

24LC32 Sole Source 32K bits (4K x 8) 64 bytes 5 ms/pg 400 KHz 10M/100K C,I 

8,14 

8 

8 

8 

8 

P,SN 

P,SM 

2.5V- 5.5V 

2.5V-6.0V 

24C01A Industry 

24C02A Industry 

24C04A Industry 

24C088 Industry 

24C168 Industry 

1K bits (12B x 8) 

2K bits (128 x 8) 

4K bits (512 x B) 

2 bytes 1 ms/byte 100 KHz 

2 bytes 1 ms/byte 100 KHz 

B bytes 1 ms/byte 100 KHz 

BK bits (1Kx8) 16 bytes 10 ms 100 KHz 

16K bits (2K x 8) 16 bytes 10 ms 100 KHz 

1M 

1M 

1M 

1M 

1M 

C,l,E 

C,l,E 

P,SN,SM 4.5V - 5.5V 

P,SN,SM 4.5V - 5.5V 

C,l,E B,14 P,SN,SM,SL 4.5V - 5.5V 

E 

E 

P,SL,SN 4.5V - 5.5V 

P,SL.SN 4.5V - 5.5V 

24C32 

85C72 

85CB2 

B5C92 

Sole Source 32K bits (4K x 8) 64 bytes 5 ms/pg 400 KHz 10M/100K C,I 

8,14 

8,14 

8 P,SM 4.5V-5.0V 

Philips 

Philips 

Philips 

•Future: 1 OM 

1 K bits (128 x 8) 

2K bits (256 x 8) 

4K bits (512 x 8) 

© 1994 Microchip Technology Inc. 

2 bytes 1 ms/byte 100 KHz 

2 bytes 1 ms/byte 100 KHz 

8 bytes 1 ms/byte 100 KHz 

1M 

1M 

1M 

C,l,E 8 J,P,SM 4.5V - 5.5V 

C,1,E 8 J,P,SM 4.5V - 5.5V 

C,l,E 8,14 P,J,SM,SL 4.5V - 5.5V 
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SERIAL EEPROMS 

Microwire™ Serial EEPROMs 

Device 
compati

bility 

93AA46 Atmel 

93AA56 Atmel 

93AA66 Atmel 

93LC46 Industry 

93LC56 Industry 

93LC66 Industry 

93LC46B National 

93LC56B National 

93LC66B National 

Density/ 
Organization 

Page 
Buffer 

1K bits (x8 or x16) NIA 

2K bits (x8 or x16) N/A 

4K bits (x8 or x16) N/A 

1 K bits (x8 or x16) N/A 

2K bits (x8 or x16) N/A 

4K bits (x8 or x16) N/A 

N/A 

N/A 

N/A 

Write 
si)eed 

10ms 

10 ms 

10ms 

10ms 

10 ms 

10 ms 

10ms 

10 ms 

10ms 

Max 
Clock 
Freq. 

2MHz 

2MHz 

2MHz 

2MHz 

2MHz 

2MHz 

2MHz 

2MHz 

2MHz 

93C06 

93C46 

93C56 

93C66 

Industry 

Industry 

Industry 

Industry 

1Kbits.(64x16) 

2K bits (128 x 16) 

4K bits (256 x 16) 

256 bits (16 x16) 

1K bits (64 x 16) 

N/A 1 ms/byte 1 MHz 

N/A 1 ms/byte 1 MHz 

2K bits (x8 or x16) NIA 1 ms/byte 2 MHz 

4K bits (x8 or x16) N/A 1 ms/byte 2 MHz 

*Future: 1 OM 

Specialty Serial EEPROMs 

Device 
Compati

bility 
Density/ 

Organization 

24AA174 Sole Source 16K bits (2K x B) 
+16 bytes 

24LC174 Sole Source 16K bits (2K x B) 
+16 bytes 

24LC21 Sole Source 1K bits (128 x 8) 

Page 
Buffer 

Write 
Speed 

Max 
Clock 
Freq. 

16 bytes 1 o ms 400 KHz 

16 bytes 10 ms 400 KHz 

8 bytes 10 ms 400 kHz 

Endur- Temp # 
ance Range Pins 

8 

8 

8 

8 

Package 
Types 

Operating 
Voltage 

P,SN,SM 1.8V · 5.5V 

P,SN,SM 1.8V - 5.5V 

P,SN,SM 1.8V - 5.5V 

P,SN,SM 2.0V • 6.0V 

c 
c 
c 
C,I 

C,I 

C,I 

C,I 

C,I 

C,I 

8,14 P,SN,SM,SL 2.0V- 6.0V 

8, 14 P,SN,SM,SL 2.0V - 6.0V 

C,l,E 

C,l,E 

8 

8 

8 

8 

8 

P,SN,SM 2.0V • 6.0V 

P,SN,SM 2.0V - 6.0V 

P,SN,SM 2.0V - 6.0V 

P,SN,SM 4.5V - 5.5V 

P,SN,SM 4.5V - 5.5V 

1M* 

10M 

10M 

1M* 

10M 

10M 

1M* 

10M 

10M 

1M 

1M 

1M 

1M 

C,l,E 8, 14 P,SN,SM,SL 4.5V · 5.5V 

C,l,E 8, 14 P,SN,SM,SL 4.5V • 5.5V 

Endur- Temp # 
ance Range Pins 

10M c 8 

10M C,I 8 

1M* C,I 

Package 
Types 

P,SN 

P,SN 

Operating 
Voltage 

1.8V-5.5V 

2.5V-5.5V 

24AA65 Sole Source 64K bits (4K x 8) 64 bytes 5 ms/pg 100 KHz 1 OM/1 OOK C 

8 

8 

8 

8 

8 

P,SN 

P,SM 

P,SM 

P,SM 

2.5V- 5.5V 

1.8V-5.5V 

2.5V-6.0V 

4.5 • 5.5V 

24LC65 Sole Source 64K bits (4K x 8) 64 bytes 5 ms/pg 400 KHz 10M/100K C,I 

24C65 Sole Source 64K bits (4K x 8) 64 bytes 5 ms/pg 400 KHz 10M/100K C,I 

59C11 Industry 1 K bits (x8 or x16) N/A 1 ms/byte 1 MHz 1M 

1M 

1M 

C,l,E 

C,I 

C,I 

93LCS56 National 

93LCS66 National 

*Future: 1 OM 

Legend: 

2K bits (128 x 16) 

4K bits (256 x 16) 

N/A 

N/A 

10ms 

10ms 

2MHz 

2MHz 

P,SN,SM 4.5V - 5.5V 

8, 14 P,SN,SM,SL 2.5V • 6.0V 

B, 14 P,SN,SM,SL 2.5V - 6.0V 

P = Plastic Dip J =Ceramic DIP 
SM = .207" Sid SOIC 

L = PLCC K = Ceramic LCC 
SN = 150"" Sid SOIC SL= .150" 141d SOIC SO = .300" 2Sld SOIC 
S = Dice in Wafflepack W = Dice in Wafer Form STS = 2Sld TSOP (Sx20mm) 

VS= 2Sld VSOP (Sx13.4mm) 

Note 1: Not All Combinations Of Speed/temperature Range/package/etc. Are Available. 
Consult Factory For Specific Part Information. 
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MICROCHIP SERIAL EEPROM 
Serial EEPROM Cross Reference Guide 

The purpose of this document is to provide a quick way 
to determine the closest Microchip equivalent to Serial 
EEPROMs produced by othet mai1ufactu1a1s. The 
cross reference section is broken down by manufac
turer and lists all parts from that manufacturer, and the 
comparable Microchip part number. There is also a list
ing of manufacturer's part numbering schemes to 
assist in determining the specifications of a particular 
part. 

There are subtle di.fferences from manufacturer to 
manufacturer and device to device, so Microchip rec
ommends consulting the respective manufacturer's 
gadabout for specific details. 

Microchip provides a wide selection of Serial EEPROM 
devices, both from a density and a packaging stand
point, as well as several different protocols. If you are 

interested in a part that is not listed in th is book, please 
refer to the Microchip data book, or contact your local 
dlstrlbutor vr saies representati'JG tor assi~tar.cc. 

The manufacturers* included in this document are as 
follows: 

AKM Oki 

Atmel Philips 

Catalyst Samsung 

Exel SGS-Thomson 

ISSI Siemens 

Microchip Xicor 

Mitsubishi 

National 

FIGURE 1: MICROCHIP SERIAL EEPROM PART NUMBER GUIDE 

xx xx xx xx x I XX 

~~~~~, Package w = Die in wafer form 
s = Die in waffle pack 
p = PDIP 

SM = Small outline .207 mil 
SN = Small outline .150 mil 
SL = 14-lead small outline .150 mil 

J = CERDIP 

i Process Temperature Blank = 0°C to +70°C 
I = -40°C to +125°C 

E = -40°C to + 125 °C 

~ Special Options 

Memory 01 1K 128x8 
02 2K 256x8 
04 4K 512 x8 
08 SK 1Kx8 
16 16K 2K x8 
32 32K 4K x8 
65 64K 8Kx8 
11 1K 128K x 8or64x16 
72 1K 128 x8 
82 2K 256 x8 
92 4K 512 x8 
06 256 Bit 16x 16 
46 1K 64x16/128x 8 
56 2K 256 x 8/128 x 16 
66 4K 512 x 8/256 x 16 

i Process Technology c - CMOS 
LC - Low Voltage (2.5V) CMOS 
AA - 1.8Volt 

i 
Part Number Designator 24 - 2-wire 

59 - 4-wire 
85 - 2-wire 
93 - 3-wire 

*The above trademarks are property of their respective companies. 
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SERIAL EEPROM 

Closest Closest 
Manufacturer Part Number Microchip Size Manufacturer Part Number Microchip Size 

Equivalent Equivalent 

AKM AK93C45 93C46 1K ATMEL AT24C64-1.B 24css• 64K 
AKM AK93C45L 93C46 1K ATMEL AT24C32 24c32• 32K 
AKM AK93C55 93LC56 2K ATMEL AT24C32-2.7 24c32• 32K 
AKM AK93C55L 93AA56 2K ATMEL AT24C32-2.5 24c32• 32K 
AKM AK93C57 93LC56 2K ATMEL AT24C32-1.8 24c32• 32K 
AKM AK6420 93LC56 2K Catalyst CAT59C11/l/A/Al/H 59C11 1K 
AKM AK93C65 93LC66 4K Catalyst CAT33C101C/I 93LC46 1K 
AKM AK93C65L 93AA66 4K Catalyst CAT33C101 93LC46 1K 
AKM AK93C67 93LC66 4K Catalyst CAT93C46/l/H 93LC46 1K 
AKM AK6420 93LC66 4K Catalyst CAT93C46Al/H 93LC46 1K 
ATMEL AT24C01A 24LC01B/ 1K Catalyst CAT35C102H/I 93C56 2K 

24C01A Catalyst CAT93C56/I 93C56 2K 
ATMEL AT24C01A-2.7 24LC01B 1K Catalyst CAT93LC56/I 93LC56 2K 
ATMEL AT24C01A-2.5 24LC01B 1K Catalyst CAT24C02/I 24C02B/ 2K 
ATMEL AT24C01A-1.B 24AA01 1K 24LC02B 
ATMEL AT59C11 59C11 1K Catalyst CAT24LC02/I 24LC02B 2K 
ATMEL AT59C11-2.7 59C11 1K Catalyst CAT24C04.1 24C04A/ 4K 
ATMEL AT59C11-2.5 59C11 1K 24LC04B 

ATMEL AT59C11-1.B 59C11 1K Catalyst CAT24LC04.1 24LC04B 4K 

ATMEL AT93C46 93C46 1K Catalyst CAT35C104/H/I 93C66 4K 

ATMEL AT93C46-2. 7 93LC46 1K Catalyst CAT33C104 93LC66 4K 

ATMEL AT93C46-2.5 93LC46 1K Catalyst CAT35C704/I 93C66 4K 

ATMEL AT93C46-1.B 93LC46 1K Catalyst CAT33C704/I 93LC66 4K 

ATMEL AT93C56 93C56 2K Catalyst CAT35CSO 93C66 4K 

ATMEL AT93C56-2.7 93LC56 2K Catalyst CAT33C60 93LC66 4K 

ATMEL AT93C56-2.5 93LC56 2K Catalyst CAT24C08 24LCOSB SK 

ATMEL AT93C56-1.B 93AA56 2K Catalyst CAT24LCOS 24LCOSB BK 

ATMEL AT93C57 93C56 2K Catalyst CAT24C16 24LC16B 16K 

ATMEL AT93C57-2.7 93LC56 2K Catajyst CAT24LC16 24LC16B 16K 

ATMEL AT93C57-2.5 93LC56 2K Exel XL93LC06 93C06 256bit 

ATMEL AT93C57-1.7 93AA56 2K Exel XL24C01A 24C01A/ 1K 

ATMEL AT24C02 24C02/ 2K 24LC01B 

24LC02B Exel XL24C01-2.5 24LC01B 1K 

ATMEL AT24C02-2.7 24LC02B 2K Exel XL93CCSLC46 93C46 1K 

ATMEL AT24C02-2.5 24LC02B 2K Exel XL93CCSLC46-3 93LC46 1K 

ATMEL AT24C02-1.B 24AA02 2K Exel XL24C01A-3 24LC01B 1K 

ATMEL AT93C66 93C66 4K Exel XL24C02 24C02A/ 2K 

ATMEL AT93C66-2.7 93LC66 4K 24LC02B 

ATMEL AT93C66-2.5 93LC66 4K Exel XL24C02-3 24LC02B 2K 

ATMEL AT93C66-1.8 93AA66 4K Exel XL93C56,LC56 93C56/ 2K 

ATMEL AT24C04 24C04/ 4K LC56 

24LC04B Exel XL24C01-2.5 24LC01B 2K 

ATMEL AT24C04-2.7 24LC04B 4K Exel XL93LC56-3 93LC56 2K 

ATMEL AT24C04-2.5 24LC04B 4K Exel XL93C66,LC66 93C66/ 4K 

ATMEL AT24C04-1.B 24AA04 4K 93LC66 

ATMEL AT24C08 24LC08B BK Exel XL93C66-3,LC66-3 93LC66 4K 

ATMEL AT24COS-2.7 24LCOSB SK Exel XL24C04 24C04A/ 4K 

ATMEL AT24COS-2.5 24LCOSB SK 24LC04B 

ATMEL AT24COS-1.S 24AAOS SK Exel XL24C04-3 24LC04B 4K 

ATMEL AT24C16 24LC16B 16K Exel XL24C04-2.5 24LC04B 4K 

ATMEL AT24C16-2.7 24LC16B 16K Exel XL24C16 24LC16B 16K 

ATMEL AT24C16-2.5 24LC16B 16K Exel XL24C16-3 24LC16B 16K 

ATMEL AT24C16-1.S 24AA16 16K ISSI IS93C46 93C46 1K 

ATMEL AT24C164 24LC164 16K ISSI IS93C46-3 93LC46 1K 

ATMEL AT24C164-2.7 24LC164 16K ISSI IS93C56 93C56 2K 

ATMEL AT24C 164-2 .5 24LC164 16K ISSI IS93C66 93C66 4K 

ATMEL AT24C164-1.S 24AA164 16K National NM93C06 93C06 256bit 

ATMEL AT24C64 24ces· 64K National NM93C46 93C46 1K 

ATMEL AT24C64-2.7 24css· 64K National NM93C46LZ 93AA46 1K 

ATMEL AT24C642.5 24ces· 64K National NM93C56 93C56 2K 

•Not 100% compatible. 
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SERIAL EEPROM 

Closest Closest 
Manufacturer Part Number Microchip Size Manufacturer Part Number Microchip Size 

Equivalent Equivalent 

National NM93C56LZ 93AA56 2K SEEQ 2922A 93LC56 2K 

National NM93CS56 93LCS56 2K SEEQ 2929G 93LC56 2K 
National NM93CS56l 93LCS56 2K SEEQ 2934A 93LC66 4K 

National NM24C02 24C02A/ 2K SEEQ 2929G 93LC66 4K 
National NM24C02L 24LC02B 2K SGS-Thomson ST93C06 93C06 256bit 

National NM24C03 24C02A 2K SGS-Thomson ST24C01 24LC018 1K 
National NM24C03L 24LC02B 2K SGS-Thomson ST93C46A 93C46 1K 
National NM93C66 93C66 4K SGS-Thomson ST93C46T 93C46 1K 
NatkH~a! "!M93GB613 93Lr.Snfi 4K SGS~Thomson ST93C46 93LC46 1K 

National NM93C66L 93LC66 4K 

National NM93CS66L 93LCS66 4K 

National NM93C66LZ 93AA66 4K 

National NM24C04 24C04A/ 4K 
24LC04B 

SGS-Thomson ST24W01 24LC01B 1K 

SGS-Thomson ST25W01 24LC01B 1K 
SGS-Thomson ST93C56 93C56 2K 
SGS-Thomson ST93CS56 93LCS56 2K 
SGS-Thomson ST93CS57 93LCS56 2K • National NM24C04l 24LC048 4K SGS-Thomson ST24C02A 24LC02B 2K 

National NM24C05L 24LC04B 4K SGS-Thomson ST24C02C 24LC02B 2K 
National NM24COB 24LCOBB BK SGS-Thomson ST24W02C 24LC02B 2K 
National NM24COBL 24LCOBB BK SGS-Thomson ST25C02A 24LC02B 2K 
National NM24C09 24LCOBB BK SGS-Thomson ST25W02C 24LC02B 2K 
National NM24C09l 24LCOBB BK SGS-Thomson ST93CS66 93LCS66 4K 
National NM24C16 24LC16B 16K SGS-Thomson ST93CS67 93LCS66 4K 
National NM24C16L 24LC16B 16K SGS-Thomson ST24C04 24C04A 4K 
National NM24C17 24LC16B 16K 24LC048/ 
National NM24C17L 24LC16B 16K SGS-Thomson ST24C04C 24LC04B 4K 
Oki MSM16B12 93C56 2K SGS-Thomson ST24W04C 24LC048 4K 
Philips- PCAB5B1 24C01A 1K SGS-Thomson ST25C04 24LC048 4K 
Signetics SGS-Thomson ST25CORC 24LC048 4K 
Philips- PCFB5B2C2 B5CB2 2K SGS-Thomson ST25W04C 24LC048 4K 
Signetics SGS-Thomson ST24C08 24LCOBB SK 
Philips- PCDB5B2D2 B5CB2 2K SGS-Thomson ST24C08C 24LCOBB SK 
Signetics SGS-Thomson ST25COBC 24LCOBB BK 
Philips- PCFB5B2F2 B5CB2 2K SGS-Thomson ST24C16C 24LC16B 16K 
Signetics SGS-Thomson ST24E16C 24LC168 16K 
Philips- PCFB594C-2 24AA04 4K 
Signetics 

Philips- PCDB594D-2 24LC048 4K 
Signetics 

Philips- PCFB59BC-2 24LCOBB BK 
Signetics 

Philips- PCDB59BD-2 24LCOBB BK 
Signetics 
Philips- PCDB5B9BF-2 24LCOBB BK 

SGS-Thomson ST25C16C 24LC168 16K 
SGS-Thomson ST25E16C 24LC16B 16K 
SGS-Thomson ST24E32D 24LC32' 32K 

SGS-Thomson ST25E32D 24LC32' 32K 
SGS-Thomson ST24E64D 24LC65* 64K 

SGS-Thomson ST25E64D 24LC65* 64K 

Siemens SDA2516·2 24C01A/ 1K 
24LC01B 

SJ.g_netics 

Samsung KM93C06 93C06256bit 

Samsung KM93C07 93C06256bit 

Samsung KM93C46 93C46 1K 

Samsung KM94C46V 93C46 1K 
Samsung KM93C56 93C56 2K 
Samsung KM93CS56 93LCS56 2K 

Samsung KM93C56V 93AA56 2K 

Samsung KM93C57 93C56 2K 

Samsung KM93C57V 93AA56 2K 

Samsung KM93C66 93C66 4K 

Samsung KM93CS66 93LCS66 4K 

Samsung KM93C66V 93AA66 4K 
Samsung KM93C67 93C66 4K 

Samsur:!ll_ KM93C67V 93AA66 4K 

Siemens SDA2526-2 24C02A/ 2K 
24LC02B 

Siemens SDA2546 24C04A/ 4K 
24LC04B 

Siemens SDA25B6 24LCOBB BK 

Xicor X24C01A 24LC01B 1K 

Xicor X2402 24C02A 2K 
Xicor X24C02 24LC02B 2K 

Xicor X2404 24C04A/ 4K 
24LC048 

Xicor X24C04 24LC048 4K 

Xicor X24COB 24LC08B BK 

Xicor X24C16 24LC16B 16K 

Xicor X24164 24LC164 16K 

Xicor X24645 24LC65* 64K 

SEEQ 2913A 93C46 1K 

SEEQ 2913C 93C46 1K 
SEEQ 2914A 93C46 1K 

SEEQ 2919G 93C46 1K 

'Not 100% compatible. 
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SERIAL EEPROM 

COMPETITIVE PART NUMBER BREAKDOWN 

FIGURE 2: ATMEL 

AT XXXX X X X X 

~~~~q Processing 

Temperature Range 

Package 

'--------11 Speed 

-i Device 

l 
Prefix 

FIGURE 3: CATALYST SEMICONDUCTOR 

CAT XXXX x x x 

~ Temperature Range 

Package 

Parameter 

Device 

Prefix 

DS21090C-page 2-6 

Blank Standard 
/883 Mil-Std-883, Class B Fully Compliant 

B Mil-Std-883, Class B Non-Compliant 

C Commercial (0°C to 70°C) 
I Industrial (-40°C to 85°C) 

M Military (-55°C to 125°C) 

B Ceramic Side Braze Dual In-line 
B Cerpack 
D Cerdip 
F Flatpack 
G Cerdip, One Time Programmable 
J Plastic J-lead Chip Carrier 
K Ceramic J-Lead Chip Carrier 
L Leadless Chip Carrier 

M Ceramic Module 
N Leadless Chip Carrier, One Time Programmable 
P Plastic DIP 
Q Plastic Quad Flatpack 
R SOIC 
S SOIC 
T TSOP 
U PGA 
V TAB 

W Die 
Y Cerpack 
Z Ceramic Multi-chip Module 

CAT 3.5_C804 A P 

3=3V 

5= 5V =-_J 
Clock Frequency: 

A= 4.915 MHz 

B = 3.5795 MHz 

I 
M 

Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 
Military (-55°C to 125°C) 

COB Chip on Board 
D Cerdip 
L LCC 
K S.O. (EIAJ) 
N PLCC 
P Plastic DIP 

A Advanced Device or Special Assg. 
H High Endurance 
L Low Power 
V Special Voltage 

3 3V 
5 5V 

© 1995 Microchip Technology Inc. 



FIGURE 4: EXEL 

EL X XXXXX-XXX/XXXXX 

T-r 

II~ -----II 

Special Features 

Speed 

Package Type 

Device 

Temperature Range 

Prefix 

SERIAL EEPROM 

c 
D 
J 
p 
P3 
u 

Cerdip 
Plastic Leaded CC 
SOIC 
Plastic DIP 
Skinny DIP (0.3") 
Unpackaged (Die) 

2 or 9 Memory Product 
7 Loyili Devilie 
C In the middle of part number designates 

CMOS device 

S 0°C to 70°C 
E -40°C to 85°C 
A -40°C to 105°C 

FIGURE 5: NATIONAL SEMICONDUCTOR CORPORATION 

NM xx c s 06 x L z E MB 

,_w .• , ... ~:: I 11 

r~~rq Package N = Plastic DIP 
J =Ceramic DIP 
M = 14LeadSO 
MB =8 Lead SO 

~;:.~~Yi!~; No 0°Cto70°C 
~ntry -40°C to 85°C 

CMOS -55°Cto 
M 125°C 

Features J Zero Standby Z = <1 µA Standby Cur-

No Entry =Standard 
l Current rant 

s = User programmable write protection and J Operating Volt- L = 2.0V to 5.5V 
sequential read · 1 age Range No Entry = 4.5V to 5.5V 

Temperature X = 1.BV Read'Write 

Memory Size 
l Range 

06/13 256bit 
46.'14 1024bit 
56 2048 bit 
66 4096 bit 
02 2 kbit 
03 2 kbit w/ write protect 
04 4 kbit 
05 4 kblt w/ write protect 
08 8 kbit 
09 8 kbit w/ write protect 
16 16kblt 
17 16 kbit w/ write protect 

© 1995 Microchip Technology Inc. DS21090C-page 2-7 
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SERIAL EEPROM 

FIGURE 6: PHILIPS 

xx xxx x 
-r- -r- '[_ 

Package A Plastic Leaded Chip Carrier 
B Square/Rectangular Plastic Quad Flatpack 
D Plastic SO, Dual In-Line 

Plastic SOL, Dual In-Line 
DK PlasticSSOP 
DL PlasticSSOP 

F Ceramic Dual In-Line 
G Square/Rectangular Ceramic Leadless Chip Carrier 
H Header 
I Hermetic Sidebraze Dual In-Line 

K Cerquad J-Bend 
L Square Ceramic Leaded Chip Carrier 
N Plastic Dual In-Line 
p Ceramic Pin Grid Array 
w Ceramic Flatpack 
y Ceramic Quad Flatpack 

_J Device 

Temperature N 0°c to70°C 
Range s -55°C to +125°C 

NE 0°Cto70°C 
SA -40°C to 85°C 
SE -55°C to 125°C 
54 -55°C to 125°C 
74 0°Cto70°C 

FIGURE 7: SAMSUNG 

KM XXC XXX XX 

~~~9 Temperature 

Package Serial 
- DIP 
G SOIC 

GD SOIC with DIP printout 

Device/Density Serial 
06 256 bits 
07 256 bits 
46 1K bits 

Standard 
16 16Kbits 
64 64Kbits 

256 256Kbits 

J 
Type 

--. Prefix 

DS21090C-page 2-8 © 1995 Microchip Technology Inc. 



SERIAL EEPROM 

FIGURE 8: SEEQ 

~ 1 T T .... x_T_x ___ --1 
MIL-STD-833 Level B Processing 

Read access time of memory devices (ns) 

Device 

Q Commercial O'C to +70'C Temperature 
Range E Extended Temperature -40'C to +85'C 

Package Type 

FIGURE 9: SGS-THOMSON 

MXXX XXXXX XX X X 

~~~~ Temperature 

Package 

Speed 

Device 

-i Famlly 

FIGURE 10: SIEMENS- NOT AVAILABLE 

FIGURE 11: XICOR 

x xxxxxxx x X X -XX 
..., ..., 

Access Time 

Processing Level 

M Military -55'C to + 125'C 

D Ceramic 
L Leadless Chip Carrier 
P Pla$tir, DIP 
N Plastic Leaded Chip Carrier 
F Hermetic Flatpack 

B Plastic 
D Ceramic Multilayer 
F Ceramic Frit Seal 
M S0-8 Plastic 

FT i Temperature Range Blank O'Cto +70'C 
I ·40°C to +85°C 

M ·50°C to +125°C 

I 
Package D Ceramic DIP 

E Ceramic DIP 
H Die 
J Plastic LDCC 
p Plastic DIP 

~ Process Technology 
.J Prefix x Xicor t 

© 1995 Microchip Technology Inc. DS21090C-page 2-9 
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SERIAL EEPROM 

NOTES 
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MICROCHIP PARALLEL EEPROMS 
Parallel EEPROM Selection Guide 

CMOS PARALLEL EEPROMS 

Byte 
Endur-

Device 
Density/ Access Ice (Active/ 

Write 
ance Temp 

#Pins 
Package Operating 

• Organization Time(ns) Standby) 
Time 

(cycles) Range Types Voltage 
* 

2BC04A 4K bits (512 x B) 150/200/250 30 mA/100 µA 1 ms 10K C,I 24,32 P,J,L 4.5V- 5.5V 

2BC16A 16K bits (2K x B) 150/200/250 30 mA/100 µA 1 ms 10K C,I 24,2B,3 P,J,TS,VS,L 4.5V-5.5V 
2 

2BC17A 16K bits (2K x B) 150/200/250 30 mA/100 µA 1 ms 10K C,l 2B,32 P,J,SO,TS,VS,L 4.5V-5.5V 

2BC64A 64K bits (BK x B) 150/200/250 30 mA/100 µA 1 ms 10K C,l 2B,32 P,J,SO,TS,VS,L 4.5V- 5.5V 

2BC64AX 64K bits (BK x B) 150/200/250 30 mA/100 µA 1 ms 10K C,I 2B,32 P,J,SO,TS,VS,L 4.5V- 5.5V 

2BC04AF 4K bits (512 x B) 150/200/250 30 mA/100 µA 200 µs 10K C,I 24,32 P,J,L 4.5V- 5.5V 

2BC16AF 16K bits (2K x B) 150/200/250 30 mA/100 uA 200 µs 10K C,l 24,2B,3 P,J,TS,VS,L 4.5V- 5.5V 
2 

2BC17AF 16K bits (2K x B) 150/200/250 30 mA/100µA 200 µs 10K C,1 2B,32 P,J,SO,TS,VS,L 4.5V-5.5V 

2BC64AF 64K bits (BK x B) 150/200/250 30 mA/100 µA 200 µs 10K C,l 2B,32 P,J,SO,TS,VS,L 4.5V-5.5V 

PACKAGES 

p ; Plastic DIP J Ceramic DIP L PLCC K ; Ceramic LCC 
SN; .150" B lead SOIC SM; .207" B lead SOIC SL ; .150" 14 lead SOIC so; .300" 2B lead SOIC 
s ; Dice in Wafflepack w ; Dice in Wafer Form TS ; 2BleadTSOP 

vs ; 28 lead VSOP (8x13.4mm) (8x20mm) 

•Endurance is guaranteed to 10K cycles at extended (-40'C to +125'C) temperature. 

Note 1: NOT ALL COMBINATIONS OF SPEED/TEMPERATURE RANGE/PACKAGE/ETC. ARE AVAILABLE. 
CONSULT FACTORY FOR SPECIFIC PART INFORMATION 

© 1994 Microchip Technology Inc. DS21088A-page 2-11 
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NOTES 
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MICROCHIP 
EPROMS 

EPROM Selection Guide 

CMOS Parallel EPROMs 

Part I OTP I Siz~ I Qrg j . Access j Supply Package Temp. Standby 
Number Avail. r1me(ns) Voltage flange Current 

27C64 Yes 64K 8Kx8 120-250 +5V J,K,L,P,SO,TS C,I 2mA/100µA 

27C128 Yes 128K 16Kx 8 120-250 +5V J,K,L,P,SO C,I 2mA/100µA 

27C256 Yes 256K 32Kx8 90-200 +5V J,K,L,P,SO,TS,VS C,1,E 2mA/100µA 

27C512A Yes 512K 64Kx8 70-150 +5V J,K,L,P,SO,TS,VS C,1,E 2mA/30µA 

27LV64 Yes 64K 8Kx8 200-300 +3V to +5V J,K,L,P,SO,TS C,I 1mA/100µA 

27LV256 Yes 256K 32Kx8 200-300 +3V to +5V J,K,L,P,SO,TS,VS C,I 1mA/100µA 

27LV512 Yes 512K 64Kx8 200-300 +3V to+5V J,K,L,P,SO,TS,VS C,1 1mA/100µA 

27HC256 No 256K 32Kx8 55-90 +5V J,K,L,P,SO,TS,VS C,1,E 35mA 

27HC256L No 256K 32Kx8 90 +5V J,K,L,P,SO,TS,VS C,1 2mA/100µA 
27HC1616 No 256K 16Kx16 55-70 +5V 40J, 44K C,I 50mA 

CMOS Serial EPROM 

Part OTP 
Max. 

Supply 
Size Org. Clock Package Temperature Range 

Number Avail. 
Freq. 

Voltage 

37LV36 Yes 36K 1134x32 60-200 +3Vto +5V P, SN, L C,I 

37LV65 Yes 64K 2048x32 60-200 +3Vto +5V P, SN, L C,I 

37LV128 Yes 128K 4096x32 60-200 +3Vto +5V P, SN, L C,I 

PACKAGES 

P = Plastic DIP 

SN= .150"81dSOIC 

J = Ceramic DIP L = PLCC K = Ceramic LCC 

SO= .300" 281d SOIC W = Dice in Wafer Form 

S = Dice in Wafflepack VS = 281d VSOP (8x13.4mm) TS = 281d TSOP (8x20mm) 

Note: Not all combinations of speed/temperature range/package/etc. are available. 
Consult factory for specific part information. 

© 1995 Microchip Technology Inc. 08210898-page 2-13 
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NOTES 
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MICROCHIP EPROM 
EPROM Cross Reference Guide 

INTRODUCTION 

The purpose of this document is to provide a quick way 
to determine which EPROM parts are mechanical and 
electrical equivalents to Microchip devices. There is 
also a listing of manufacturer's part numbering 
schemes to assist in determining the specifications of a 
particular part. The cross reference section is broken 
down by manufacturer and lists all parts from that man
ufacturer, and the plug compatible Microchip part num
ber. 

The one exception to plug compatibility listed in this 
cross-reference concerns the 28 pin SOIC package. 
Microchip, along with other manufacturers, make this 
part in a .300" (JEDEC Standard) width. There are 
other manufacturers that produce this device in a .330" 
(EIAJ Standard) wide package. In many cases, the 
PCB can be laid out to accommodate both versions. 
The devices that are offered in the .330" package are 
listed in this reference with an asterisk. 

© 1994 Microchip Technology Inc. 

Microchip provides a wide selection of EPROM 
devices, both from a density and a packaging stand
point. If you are interested in a part that is not listed in 
this book, please refer to the Microchip data book, or 
contact your local distributor or sales representative for 
assistance. 

Legend: 

AMD® Advanced Micro Devices 

T.I. Texas Instruments 

SGS ST® SGS-Thomson 

Intel® Intel Corporation 

Toshiba® Toshiba Corporation 

National® National Semiconductor® 
Corporation 

Hitachi® Hitachi Corporation 

Atmel® Atmel Corporation 

The information contained in this publication regarding com
petitor devices was obtained from the respective EPROM 
manufacturer's latest available published technical informa
tion and may be subject to updates 

AMD is a registered trademark of Advanced Micro Devices. 

ST is a registered trademark of SGS-Thomson. 

Intel is a registered trademark of Intel Corporation. 
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EPROM 

1.0 CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE 
COMPETITION 

Hitachi. Part Number Description Microchip Part Number 

HN27C256AG-10 UV 256K EPROM, 1 OONS CERDIP28 27C256-1 O/J 

HN27C256HP-10 OTP 256K EPROM,100NS PDIP 28 27C256· 1 O/P 

HN27C256FP-10T* OTP 256K EPROM, 1 OONS SOIC28 27C256-10/SO 

H N27C256AG-12 UV 256K EPROM, 120NS CERDIP28 27C256-12/J 

HN27C256AG-15 UV 256K EPROM, 1 SONS CERDIP28 27C256-15/J 

HN27C256FP-25T/-30T* OTP 256K EPROM,200NS SOIC28 27C256-20/SO 

H N27512G-25/-30 UV 512K EPROM,200NS CERDIP28 27C512·20/J 

HN27512P-25/-30 OTP 512K EPROM,200NS PDIP 28 27C512-20/P 

HN27C256HG-70/-85 UV 256K HS EPROM,70NS CERDIP28 27HC256-70/J 

HN27C256HP-70/-85 OTP 256K HS EPROM,70NS PDIP28 27HC256-70/P 

HN27C256HFP-85T* OTP 256K HS EPROM,70NS SOIC28 27HC256·70/SO 

AMO Part Number Description Microchip Part Number 

Am27C64-120DC UV 64K EPROM, 120NS CERDIP28 27C64-12/J 

Am27C64-120LC UV 64K EPROM, 120NS LCC32 27C64·12/K 

Am27C64-120JC OTP 64K EPROM, 120NS PLCC 32 27C64·12/L 

Am27C64-120PC OTP 64K EPROM, 120NS PDIP28 27C64·12/P 

Am27C64-150DC UV 64K EPROM,150NS CERDIP28 27C64-15/J 

Am27C64-150LC UV 64K EPROM, 1 SONS LCC32 27C64-15/K 

Am27C64-150JC OTP 64K EPROM,150NS PLCC 32 27C64-15/L 

Am27C64-150PC OTP 64K EPROM, 1 SONS PDIP 28 27C64-15/P 

Am27C64-200DC UV 64K EPROM,200NS CERDIP28 27C64-20/J 

Am27C64-200LC UV 64K EPROM,200NS LCC 32 27C64·20/K 

Am27C64-200JC OTP 64K EPROM,200NS PLCC32 27C64-20/L 

Am27C64-200PC OTP 64K EPROM,200NS PDIP 28 27C64-20/P 

Am27C64-250DC UV 64K EPROM,250NS CERDIP28 27C64-25/J 

Am27C64-250LC UV 64K EPROM,250NS LCC 32 27C64·25/K 

Am27C64-250JC OTP 64K EPROM,250NS PLCC32 27C64·25/L 

Am27C64-250PC OTP 64K EPROM,250NS PDIP 28 27C64-25/P 

Am27C64-120DI UV 64K EPROM,120NS,IND CERDIP28 27C64·121/J 

Am27C64-150DI UV 64K EPROM,150NS,IND CERDIP28 27C64·151/J 

Am27C64-150LI UV 64K EPROM,150NS,IND LCC 32 27C64-151/K 

Am27C64-150JI OTP 64K EPROM,150NS,IND PLCC 32 27C64-151/L 

Am27C64-150PI OTP 64K EPROM, 150NS,IND PDIP28 27C64-151/P 

Am27C64-200DI UV 64K EPROM,200NS, IND CERDIP28 27C64·201/J 

Am27C64-200LI UV 64K EPROM,200NS,IND LCC 32 27C64-201/K 

Am27C64-200JI OTP 64K EPROM,200NS,IND PLCC 32 27C64-201/L 

Am27C64-200PI OTP 64K EPROM,200NS,IND PDIP28 27C64-201/P 

Am27C64-250DI UV 64K EPROM,250NS,IND CERDIP28 27C64·251/J 

Am27C64-25DLI UV 64K EPROM,250NS,IND LCC 32 27C64-251/K 

Am27C64-250J I OTP 64K EPROM,250NS,IND PLCC 32 27C64-251/L 

Am27C64-250PI OTP 64K EPROM,250NS,IND PDIP 28 27C64-251/P 

Am27C128-12DDC UV 128K EPROM,120NS CERDIP28 27C128·12/J 
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EPROM 

AMO Part Number Description Microchip Part Number 

Am27C 128-120LC UV 128K EPROM,120NS LCC32 27C128-12/K 

Am27C128-12DJC OTP 128K EPROM,120NS PLCC 32 27C128-12/L 

Am27C128-120PC OTP 128K EPROM,120NS PDIP 28 27C128·12/P 

Am27C128-150DC UV 128K EPROM,150NS CERDIP28 27C128·15/J 

Am27C128-15DLC UV 128K EPROM, 150NS LCC32 27C 128-15/K 

Am27C 128-150JC OTP 128K EPROM,150NS PLCC 32 27C128·15/L 

Am27C 128-150PC OTP 128K EPROM, 150NS PDIP 28 27C 128-15/P 

Am27C12B-2DODC UV 128K EPROM.200NS CERDIP28 27C128-20/J 

Am27C128-200LC UV 128K EPROM,200NS LCC32 27C128-20/K 

Am27C128-200JC OTP 128K EPROM,200NS PLCC 32 27C128-20/L 

Am27C128-200PC OTP 128K EPROM,200NS PDIP 28 27C128-20/P • Am27C128-250DC UV 128K EPROM,250NS CERDIP 28 27C128-25/J 

Am27C12B-250LC UV 12BK EPROM,250NS LCC32 27C128·25/K 

Am27C 128-250JC OTP 128K EPROM,250NS PLCC 32 27C128·25/L 

Am27C 128-250PC OTP 128K EPROM,250NS PDIP 28 27C128·25/P 

Am27C128-120DI UV 128K EPROM,120NS,IND CERDIP28 27C128·12VJ 

Am27C 128-15001 UV 128K EPROM,150NS,IND CERDIP28 27C128·151/J 

Am27C128-150LI UV 12BK EPROM,150NS,IND LCC 32 27C128·151/K 

Am27C12B-150JI OTP 128K EPROM,150NS,IND PLCC 32 27C128·151/L 

Am27C128-150PI OTP 128K EPROM,150NS,IND PDIP 28 27C128·151/P 

Am27C128-200DI UV 128K EPROM,200NS,IND CERDIP28 27C128·201/J 

Am27C128-200LI UV 128K EPROM,2DONS,IND LCC 32 27C128-201/K 

Am27C12B-200JI OTP 128K EPROM,200NS,IND PLCC 32 27C128·20l/L 

Am27C128-200PI OTP 128K EPROM,200NS,IND PDIP 28 27C128-201/P 

Am27C128-25001 UV 128K EPROM,250NS,IND CERDIP28 27C128·251/J 

Am27C128-250LI UV 128K EPROM,250NS,IND LCC 32 27C128·251/K 

Am27C128-25DJI OTP 128K EPROM,250NS,IND PLCC 32 27C128·251/L 

Am27C128-250PI OTP 128K EPROM,250NS,IND PDIP 28 27C128-251/P 

Am27C256-90DC UV 256K EPROM,90NS CERDIP28 27C256-90/J 

Am27C256-90LC OTP 256K EPROM,90NS PLCC32 27C256-90/L 

Am27C256-90JC OTP 256K EPROM,90NS PDIP28 27C256-90/P 

Am27C256-90PC OTP 256K EPROM,90NS SOIC28 27C256-90/SO 

Am27C256-1 OODC UV 256K EPROM, 1 DONS CERDIP28 27C256·10/J 

Am27C256-1 OOLC UV 256K EPROM, 1 OONS LCC 32 27C256· 1 O/K 

Am27C256-1 OOJC OTP 256K EPROM, 1 DONS PLCC 32 27C256-1 OIL 

Am27C256-1 OOPC OTP 256K EPROM, 1 DONS PDIP28 27C256-1 O/P 

Am27C256-120DC UV 256K EPROM, 120NS CERDIP28 27C256·12/J 

Am27C256-120LC UV 256K EPROM, 120NS LCC32 27C256-12/K 

Am27C256-120JC OTP 256K EPROM, 120NS PLCC 32 27C256· 12/L 

Am27C256-120PC OTP 256K EPROM,120NS PDIP 28 27C256-12/P 

Am27C256-150DC UV 256K EPROM, 150NS CERDIP28 27C256-15/J 

Am27C256-150LC UV 256K EPROM, 150NS LCC 32 27C256· 15/K 

Am27C256-150JC OTP 256K EPROM, 150NS PLCC 32 27C256-15/L 

Am27C256-150PC OTP 256K EPROM,150NS PDIP28 27C256-15/P 

Am27C256-200DC UV 256K EPROM,200NS CERDIP 28 27C256-20/J 

Am27C256-200LC UV 256K EPROM,2DONS LCC32 27C256-20/K 
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AMO Part Number Description Microchip Part Number 

Am27C256-200JC OTP 256K EPROM,200NS PLCC32 27C256-20/L 

Am27C256-200PC OTP 256K EPROM,200NS PDIP28 27C256-20/P 

Am27C256-10001 UV 256K EPROM,100NS,IND CERDIP 28 27C256-1 OVJ 

Am27C256-1 COLI UV 256K EPROM, 1 OONS,IND LCC32 27C256-1 OVK 

Am27C256-1 OOJI OTP 256K EPROM, 1 OONS,IND PLCC 32 27C256-1 01/L 

Am27C256-1 OOPI OTP 256K EPROM, 100NS,IND PDIP28 27C256-1 OVP 

Am27C256-120DI UV 256K EPROM, 120NS,IND CERDIP28 27C256-12VJ 

Am27C256-120LI UV 256K EPROM,120NS,IND LCC32 27C256-12VK 

Am27C256-120JI OTP 256K EPROM,120NS,IND PLCC32 27C256-12VL 

Am27C256-120PI OTP 256K EPROM, 120NS, IND PDIP28 27C256-12VP 

Am27C256-150DI UV 256K EPROM,150NS,IND CERDIP28 27C256-15VJ 

Am27C256-150LI UV 256K EPROM,150NS,IND LCC32 27C256-15VK 

Am27C256-150JI OTP 256K EPROM, 150NS,IND PLCC 32 27C256-15VL 

Am27C256-150PI OTP 256K EPROM,150NS,IND PDIP28 27C256-15VP 

Am27C256-200DI UV 256K EPROM,200NS,IND CERDIP28 27C256-201/J 

Am27C256-200LI UV 256K EPROM,200NS,IND LCC32 27C256·20VK 

Am27C256-200JI OTP 256K EPROM,200NS,IND PLCC32 27C256-20VL 

Am27C256-200PI OTP 256K EPROM,200NS,IND PDIP 28 27C256-20VP 

Am27C512-90DC UV 512K EPROM,90NS CERDIP 28 27C512-90/J 

Am27C512-90LC UV 512K EPROM,90NS LCC32 27C512-90/K 

Am27C512-90JC OTP 512K EPROM,90NS PLCC32 27C512-90/L 

Am27C512-90PC OTP 512K EPROM,90NS PDIP28 27C512-90/P 

Am27C512-120DC UV 512K EPROM,120NS CERDIP28 27C512-12/J 

Am27C512-120LC UV 512K EPROM,120NS LCC32 27C512-12/K 

Am27C512-120JC OTP 512K EPROM,120NS PLCC 32 27C512-12/L 

Am27C512-120PC OTP 512K EPROM,120NS PDIP 28 27C512-12/P 

Am27C512-150DC UV 512K EPROM,150NS CERDIP 28 27C512·15/J 

Am27C512-150LC UV 512K EPROM,150NS LCC32 27C512-15/K 

Am27C512-150JC OTP 512K EPROM,150NS PLCC32 27C512-15/L 

Am27C512-150PC OTP 512K EPROM,150NS PDIP28 27C512-15/P 

Am27C512-200DC UV 512K EPROM,200NS CERDIP28 27C512-20/J 

Am27C512-200LC UV 512K EPROM,200NS LCC32 27C512-20/K 

Am27C512-200JC OTP 512K EPROM,200NS PLCC 32 27C512-20/L 

Am27C512-200PC OTP 512K EPROM,200NS PDIP28 27C512-20/P 

Am27C512-120DI UV 512K EPROM,120NS,IND CERDIP28 27C512-121/J 

Am27C512-120LI UV 512K EPROM,120NS,IND LCC32 27C512-121/K 

Am27C512-120JI OTP 512K EPROM,120NS,IND PLCC32 27C512·121/L 

Am27C512-120PI OTP 512K EPROM,120NS,IND PDIP 28 27C512· 12VP 

Am27C512-150DI UV 512K EPROM,150NS,IND CERDIP 28 27C512·15VJ 

Am27C512-150LI UV 512K EPROM,150NS,IND LCC32 27C512·151/K 

Am27C512-150JI OTP 512K EPROM,150NS,IND PLCC 32 27C512-151/L 

Am27C512-150PI OTP 512K EPROM,150NS,IND PDIP 28 27C512· 15VP 

Am27C512-200DI UV 512K EPROM,200NS,IND CERDIP28 27C512·20VJ 

Am27C512-200LI UV 512K EPROM,200NS,IND LCC32 27C512·20VK 

Am27C512-200JI OTP 512K EPROM,200NS,IND PLCC 32 27C512·20VL 

Am27C512-200PI OTP 512K EPROM,200NS,IND PDIP28 27C512·20VP 
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AMO Part Number Description Microchip Part Number 

Am27C512-75DI UV 512K EPROM,70NS CERDIP28 27C512A-70/J 

Am27C512-75LI UV 512K EPROM,70NS LCC32 27C512A-70/K 

Am27C512-90DC UV 512K EPROM,90NS CERDIP28 27C512A-90/J 

Am27C512-90LC UV 512K EPROM,90NS LCC32 27C512A-90/K 

Am27C512-90JC OTP 512K EPROM,90NS PLCC 32 27C512A-90/L 

Am27C512-90PC OTP 512K EPROM,90NS PDIP 28 27C512A-90/P 

Am27C512-120DC UV 512K EPROM, 120NS CERDIP28 27C512A-12/J 

Am?7C:51 ?-1 ?Ol C: UV 512K EPROM,12DNS LCC32 27C512A-12/K 

Am27C512-120JC OTP 512K EPROM,120NS PLCC 32 27C512A-12/L 

Am27C512-120PC OTP 512K EPROM, 120NS PDIP 28 27C512A-12/P 

Am27C512-150DC UV 512K EPROM,150NS CERDIP28 27C512A-15/J II 
Am27C512-150LC UV 512K EPROM,150NS LCC 32 27C512A-15/K 

Am27C512-150JC OTP 512K EPROM, 150NS PLCC 32 27C512A-15/L 

Am27C512-150PC OTP 512K EPROM,150NS PDIP 28 27C512A-15/P 

Am27C512-200DC UV 512K EPROM,200NS CERDIP28 27C512A-20/J 

Am27C512-200LC UV 512K EPROM,200NS LCC32 27C512A-20/K 

Am27C512-200JC OTP 512K EPROM,200NS PLCC 32 27C512A-20/L 

Am27C512-200PC OTP 512K EPROM,200NS PDIP 28 27C512A-20/P 

Am27HC256-55DC UV 256K HS EPROM,55NS CERDIP28 27HC256-55/J 

Am27HC256-55LC UV 256K HS EPROM,55NS LCC32 27HC256-55/K 

Am27HC256-55JC OTP 256K HS EPROM,55NS PLCC 32 27HC256-55/L 

Am27HC256-55PC OTP 256K HS EPROM,55NS PDIP28 27HC256-55/P 

Am27HC256-70DC UV 256K HS EPROM,70NS CERDIP28 27HC256-70/J 

Am27HC256-70LC UV 256K HS EPROM,70NS LCC32 27HC256-70/K 

Am27HC256-70JC OTP 256K HS EPROM,70NS PLCC 32 27HC256-70/L 

Am27HC256-70PC OTP 256K HS EPROM,70NS PDIP28 27HC256-70/P 

Am27HC256-55DI UV 256K HS EPROM,55NS,IND CERDIP28 27HC256-551/J 

Am27HC256-55JI OTP 256K HS EPROM,55NS,IND PLCC 32 27HC256-551/L 

Am27HC256-55PI OTP 256K HS EPROM,55NS,IND PDIP 28 27HC256-551/P 

Am27HC256-70DI UV 256K HS EPROM,70NS,IND CERDIP28 27HC256-701/J 

Am27HC256-70LI UV 256K HS EPROM,70NS,IND LCC32 27HC256-701/K 

Am27HC256-70JI OTP 256K HS EPROM,70NS,IND PLCC 32 27HC256-70l/L 

Am27HC256-70PI OTP 256K HS EPROM,70NS,IND PDIP 28 27HC256-701/P 

Tl Part Number Description Microchip Part Number 

TMS27C128-12JL UV 128K EPROM,120NS CERDIP28 27C128-12/J 

TMS27PC128-12FML OTP 128K EPROM,120NS PLCC32 27C128-12/L 

TMS27PC128-12NL OTP 128K EPROM,120NS PDIP28 27C128-12/P 

TMS27C128-15JL UV 128K EPROM,150NS CERDIP28 27C128-15/J 

TMS27PC128-1 SFML OTP 128K EPROM,150NS PLCC 32 27C128-15/L 

TMS27PC128-15NL OTP 128K EPROM,150NS PDIP28 27C1 28-15/P 

TMS27C128-20JL UV 128K EPROM,200NS CERDIP 28 27C128-20/J 

TMS27PC1 28-20FML OTP 128K EPROM,200NS PLCC 32 27C128-20/L 

TMS27PC128-20NL OTP 128K EPROM,200NS PDIP28 27C1 28-20/P 

TMS27C128-25JL UV 128K EPROM,250NS CERDIP28 27C128-25/J 

TMS27PC1 28-25FML OTP 128K EPROM,250NS PLCC 32 27C1 28-25/L 
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Tl Part Number Description Microchip Part Number 

TMS27PC128-25NL OTP 128K EPROM,250NS PDIP28 27C128·25/P 

TMS27C128-15JE UV 128K EPROM, 1 SONS,IND CERDIP28 27C128-15VJ 

TMS27PC128-1 SFME OTP 128K EPROM, 1 SONS,IND PLCC32 27C128-15VL 

TMS27PC128-.15NE OTP 128K EPROM,150NS,IND PDIP28 27C128-15VP 

TMS27C128-20JE UV 128K EPROM,200NS,IND CERDIP28 27C128-20VJ 

TMS27PC128-20FME OTP 128K EPROM,200NS,IND PLCC32 27C128-20VL 

TMS27PC128-20NE OTP 128K EPROM,200NS,IND PDIP28 27C128-20VP 

TMS27C128-25JE UV 128K EPROM,250NS,IND CERDIP28 27C128-25VJ 

TMS27PC128-25FME OTP 128K EPROM,250NS,IND PLCC32 27C128-25VL 

TMS27PC128-25NE OTP 128K EPROM,250NS,IND PDIP28 27C128·25VP 

TMS27C256-1 OJL UV 256K EPROM,100NS CERDIP28 27C256-1 O/J 

TMS27PC256-1 OFML OTP 256K EPROM,100NS PLCC32 27C256· 1 OIL 

TMS27PC256-1 ONL OTP 256K EPROM,100NS PDIP28 27C256-1 O/P 

TMS27C256-12JL UV 256K EPROM,120NS CERDIP28 27C256-12/J 

TMS27PC256-12FML OTP 256K EPROM,120NS PLCC32 27C256-12/L 

TMS27PC256-12NL OTP 256K EPROM,120NS PDIP 28 27C256-12/P 

TMS27C256-15JL UV 256K EPROM, 1 SONS CERDIP28 27C256-15/J 

TMS27PC256-15FML OTP 256K EPROM, 1 SONS PLCC32 27C256-15/L 

TMS27PC256-15NL OTP 256K EPROM,150NS PDIP28 27C256-15/P 

TMS27C256-20JL UV 256K EPROM,200NS CERDIP28 27C256-20/J 

TMS27PC256-20FML OTP 256K EPROM,200NS PLCC32 27C256-20/L 

TMS27PC256-20NL OTP 256K EPROM,200NS PDIP28 27C256-20/P 

TMS27C256-1 OJE UV 256K EPROM,100NS,IND CERDIP28 27C256-1 OVJ 

TMS27PC256-1 OFME OTP 256K EPROM,100NS,IND PLCC32 27C256-101/L 

TMS27PC256-1 ONE OTP 256K EPROM,100NS,IND PDIP28 27C256-1 OVP 

TMS27C256-12JE UV 256K EPROM, 120NS,IND CERDIP28 27C256-12VJ 

TMS27PC256-12FME OTP 256K EPROM,120NS,IND PLCC32 27C256· 12VL 

TMS27PC256-12NE OTP 256K EPROM,120NS,IND PDIP28 27C256-12VP 

TMS27C256-15JE UV 256K EPROM,150NS,IND CERDIP28 27C256-15VJ 

TMS27PC256-15FME OTP 256K EPROM, 150NS,IND PLCC32 27C256-15VL 

TMS27PC256-15NE OTP 256K EPROM, 150NS,IND PDIP 28 27C256-151/P 

TMS27C256-20JE UV 256K EPROM,200NS,IND CERDIP28 27C256-20VJ 

TMS27PC256-20FME OTP 256K EPROM,200NS,IND PLCC32 27C256-20VL 

TMS27PC256-20NE OTP 256K EPROM,200NS,IND PDIP28 27C256-20VP 

TMS27C512-10JL UV 512K EPROM,100NS CERDIP28 27C512-10/J 

TMS27PC512-10FML OTP 512K EPROM,100NS PLCC32 27C512-10/L 

TMS27PC512-10NL OTP 512K EPROM,100NS PDIP28 27C512-10/P 

TMS27C512-12JL UV 512K EPROM, 120NS CERDIP28 27C512-12/J 

TMS27PC512-12FML OTP 512K EPROM,120NS PLCC 32 27C512-12/L 

TMS27PC512-12NL OTP 512K EPROM,120NS PDIP28 27C512-12/P 

TMS27C512-15JL UV 512K EPROM,150NS CERDIP28 27C512·15/J 

TMS27PC512-15FML OTP 512K EPROM,150NS PLCC 32 27C512-15/L 

TMS27PC512-15NL OTP 512K EPROM,150NS PDIP28 27C512-15/P 

TMS27C512-20JL UV 512K EPROM,200NS CERDIP28 27C512-20/J 

TMS27PC512-20FML OTP 512K EPROM,200NS PLCC 32 27C512·20/L 

TMS27PC512-20NL OTP 512K EPROM,200NS PDIP28 27C512-20/P 
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TMS27C512-10JE UV 512K EPROM,100NS,IND CERDIP 28 27C512-101/J 

TMS27PC512-10FME OTP 512K EPROM, 1 OONS,IND PLCC 32 27C512-101/L 

TMS27PC512-10NE OTP 512K EPROM, 100NS,IND PDIP 28 27C512-101/P 

TMS27C512-12JE UV 512K EPROM, 120NS,IND CERDIP 28 27C512-121/J 

TMS27PC512-12FME OTP 512K EPROM,120NS,IND PLCC 32 27C512-121/L 

TMS27PC512-12NE OTP 512K EPROM,120NS,IND PDIP 28 27C512-121/P 

TMS27C512-15JE UV 512K EPROM,150NS,IND CERDIP 28 27C512-151/J 

TMS27PC5~ 2-~ 5FME OTP 512K EPROM.~50NS,!ND P!....CC 32 27GS' '.2-151/L 

TMS27PC512-15NE OTP 512K EPROM,150NS,IND PDIP 28 27C512-151/P 

TMS27C512-20JE UV 512K EPROM,200NS,IND CERDIP 28 27C512-201/J 

TMS27PC512-20FME OTP 512K EPROM,200NS,IND PLCC32 27C512-201/L ti 
TMS27PC512-20NE OTP 512K EPROM,200NS,IND PDIP 28 27C512-201/P 

TMS27C512-80JL UV 512K EPROM,70NS CERDIP 28 27C512A-70/J 

TMS27PC512-80FML OTP 512K EPROM,70NS PLCC 32 27C512A-70/L 

TMS27PC512-80NL OTP 512K EPROM,70NS PDIP 28 27C512A-70/P 

TMS27C512-10JL UV 512K EPROM,90NS CERDIP 28 27C512A-90/J 

TMS27PC512-10FML OTP 512K EPROM,90NS PLCC 32 27C512A-90/L 

TMS27PC512-10NL OTP 512K EPROM,90NS PDIP 28 27C512A-90/P 

TMS27C512-12JL UV 512K EPROM, 120NS CERDIP 28 27C512A-12/J 

TMS27PC512-12FML OTP 512K EPROM, 120NS PLCC 32 27C512A-12/L 

TMS27PC512-12NL OTP 512K EPROM, 120NS PDIP 28 27C512A-12/P 

TMS27C512-1 SJL UV 512K EPROM,150NS CERDIP28 27C512A-15/J 

TMS27PC512-15FML OTP 512K EPROM,150NS PLCC32 27C512A-15/L 

TMS27PC512-15NL OTP 512K EPROM, 150NS PDIP 28 27C512A-15/P 

TMS27C512-20JL UV 512K EPROM,200NS CERDIP 28 27C512A-20/J 

TMS27PC512-20FML OTP 512K EPROM,200NS PLCC32 27C512A-20/L 

TMS27PC512-20NL OTP 512K EPROM,200NS PDIP 28 27C512A-20/P 

SGS Part Number Description Microchip Part Number 

M27C64A-15F1 UV 64K EPROM, 150NS CERDIP 28 27C64·15/J 

M27C64A-15C1 OTP 64K EPROM, 150NS PLCC32 27C64·15/L 

M27C64A-15C1TR OTP 64K EPROM,150NS PLCC 32 27C64T-15/L 

M27C64A-20F1 UV 64K EPROM,200NS CERDIP28 27C64-20/J 

M27C64A-20C1 OTP 64K EPROM,200NS PLCC32 27C64-20/L 

M27C64A-20C1TR OTP 64K EPROM,200NS PLCC 32 27C64T-20/L 

M27C64A-25F1 UV 64K EPROM,250NS CERDIP28 27C64-25/J 

M27C64A-25C1 OTP 64K EPROM,250NS PLCC 32 27C64-25/L 

M27C64A-25C1 TR OTP 64K EPROM,250NS PLCC 32 27C64T-25/L 

M27C64A-15F6 UV 64K EPROM,150NS,IND CERDIP 28 27C64-151/J 

M27C64A-15C6 OTP 64K EPROM,150NS,IND PLCC 32 27C64-151/L 

M27C64A-15C6TR OTP 64K EPROM,150NS,IND PLCC 32 27C64T-151/L 

M27C64A-20F6 UV 64K EPROM,200NS,IND CERDIP 28 27C64-201/J 

M27C64A-20C6 OTP 64K EPROM,200NS,IND PLCC32 27C64-201/L 

M27C64A-20C6TR OTP 64K EPROM,200NS,IND PLCC32 27C64T-201/L 

M27C64A-25F6 UV 64K EPROM,250NS,IND CERDIP28 27C64-251/J 

M27C64A-25C6 OTP 64K EPROM,250NS,IND PLCC32 27C64-251/L 
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M27C64A-25C6TR OTP 64K EPROM,250NS,IND PLCC 32 27C64T-251/L 

M27C12BA-12F1 UV 12BK EPROM,120NS CERDIP2B 27C128-12/J 

M27C12BA-12C1 OTP 12BK EPROM,120NS PLCC 32 27C128-12/L 

M27C12BA-15F1 UV 12BK EPROM, 1 SONS CERDIP28 27C128-15/J 

M27C12BA-15C1 OTP 12BK EPROM,150NS PLCC 32 27C128-15/L 

M27C12BA-20F1 UV 12BK EPROM,200NS CERDIP28 27C128-20/J 

M27C128A-20C1 OTP 128K EPROM,200NS PLCC 32 27C128-20/L 

M27C12BA-12F6 UV 12BK EPROM,120NS,IND CERDIP2B 27C128·12VJ 

M27C12BA-15F6 UV 12BK EPROM,150NS,IND CERDIP28 27C128-15VJ 

M27C 12BA-15C6 OTP 12BK EPROM,150NS,IND PLCC 32 27C128-15VL 

M27C12BA-20F6 UV 12BKEPROM,200NS,IND CERDIP28 27C128-20VJ 

M27C12BA-20C6 OTP 12BK EPROM,200NS,IND PLCC32 27C128-20VL 

M27C256B-90F1 UV 256K EPROM,90NS CERDIP28 27C256-90/J 

M27C256B-90C1 OTP 256K EPROM,90NS PLCC 32 27C256-90/L 

M27C256B-90B 1 OTP 256K EPROM,90NS PDIP2B 27C256·90/P 

M27C256B-90C1 OTP 256K EPROM,90NS PLCC 32 27C256T·90/L 

M27C256B-1 OF1 UV 256K EPROM, 1 OONS CERDIP2B 27C256-1 O/J 

M27C256B-1 OC1 OTP 256K EPROM,100NS PLCC32 27C256-1 OIL 

M27C256B-1OB1 OTP 256K EPROM,100NS PDIP28 27C256-10/P 

M27C256B-1ON1 OTP 256K EPROM, 1 OONS VSOP28 27C256-1 ONS 

M27C256B· 1 OC1 OTP 256K EPROM,100NS PLCC32 27C256T-1 O/L 

M27C256B-12F1 UV 256K EPROM, 120NS CERDIP2B 27C256-12/J 

M27C256B-12C1 OTP 256K EPROM,120NS PLCC32 27C256-12/L 

M27C256B-12B 1 OTP 256K EPROM,120NS PDIP28 27C256· 12/P 

M27C256B· 12M 1 * OTP 256K EPROM, 120NS SOIC28 27C256· 12/SO 

M27C256B-12N1 OTP 256K EPROM,120NS VSOP2B 27C256-12NS 

M27C256B-12C1 OTP 256K EPROM, 120NS PLCC 32 27C256T· 12/L 

M27C256B-15F1 UV 256K EPROM, 1 SONS CERDIP2B 27C256-15/J 

M27C256B-15C1 OTP 256K EPROM,150NS PLCC32 27C256-1 SIL 

M27C256B-15B 1 OTP 256K EPROM, 1 SONS PDIP28 27C256-15/P 

M27C256B-15M1* OTP 256K EPROM,150NS SOIC2B 27C256· 15/SO 

M27C256B-15N1 OTP 256K EPROM,150NS VSOP2B 27C256· 15NS 

M27C256B-15C1 OTP 256K EPROM, 1 SONS PLCC 32 27C256T·15/L 

M27C256B-20F1 UV 256K EPROM,200NS CERDIP28 27C256-20/J 

M27C256B-20C1 OTP 256K EPROM,200NS PLCC32 27C256-20/L 

M27C256B-20B 1 OTP 256K EPROM,200NS PDIP28 27C256-20/P 

M27C256B-20M1 • OTP 256K EPROM,200NS SOIC28 27C256·20/SO 

M27C256B-20C1 OTP 256K EPROM,200NS PLCC32 27C256T·20/L 

M27C256B-1 OF6 UV 256K EPROM, 100NS,IND CERDIP2B 27C256-1 OVJ 

M27C256B-1 OC6 OTP 256K EPROM,100NS,IND PLCC 32 27C256-1 OVL 

M27C256B-1066 OTP 256K EPROM, 100NS,IND PDIP28 27C256-1 OVP 

M27C256B-1 OC6 OTP 256K EPROM, 100NS,IND PLCC 32 27C256T· 1 OVL 

M27C256B-12F6 UV 256K EPROM,120NS,IND CERDIP28 27C256-12VJ 

M27C256B-12C6 OTP 256K EPROM,120NS,IND PLCC32 27C256· 12VL 

M27C256B-12B6 OTP 256K EPROM,120NS,IND PDIP2B 27C256· 12VP 

M27C256B-12C6 OTP 256K EPROM,120NS,IND PLCC 32 27C256T· 12VL 
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M27C256B-15F6 UV 256K EPROM,150NS,IND CERDIP 28 27C256-15VJ 

M27C256B-15C6 OTP 256K EPROM,150NS,IND PLCC 32 27C256-151/L 

M27C256B-15B6 OTP 256K EPROM,150NS,IND PDIP 28 27C256-15VP 

M27C256B-15C6 OTP 256K EPROM,150NS,IND PLCC32 27C256T-15VL 

M27C256B-20F6 UV 256K EPROM,200NS,IND CERDIP 28 27C256-20VJ 

M27C256B-20C6 OTP 256K EPROM,200NS,IND PLCC 32 27C256-20VL 

M27C256B-20B6 OTP 256K EPROM,200NS,IND PDIP 28 27C256-20VP 

~~2?C25'38-~0C6 QTP '.>'<61< f=PROM_?OONS,INO PLCC 32 27C256T-20VL 

M27C512-90F1 UV 512K EPROM,90NS CERDIP 28 27C512-90/J 

M27C512-90C1 OTP 512K EPROM,90NS PLCC 32 27C512-90/L 

M27C512-90B1 OTP 512K EPROM,90NS PDIP 28 27C512-90/P II 
M27C512-90C1 OTP 512K EPROM,90NS PLCC 32 27C512T-90/L 

M27C512-1 OF1 UV 512K EPROM, 100NS CERDIP28 27C512-10/J 

M27C512-10C1 OTP 512K EPROM,100NS PLCC32 27C512-10/L 

M27C512-10B1 OTP 512K EPROM,100NS PDIP 28 27C512-10/P 

M27C512-10C1 OTP 512K EPROM,100NS PLCC32 27C512T-10/L 

M27C512-12F1 UV 512K EPROM,120NS CERDIP 28 27C512-12/J 

M27C512-12C1 OTP 512K EPROM,120NS PLCC 32 27C512-12/L 

M27C512-12B1 OTP 512K EPROM,120NS PDIP 28 27C512-12/P 

M27C512-12C1 OTP 512K EPROM,120NS PLCC 32 27C512T-12/L 

M27C512-15F1 UV 512K EPROM,150NS CERDIP 28 27CS 12-15/J 

M27C512-15C1 OTP 512K EPROM,150NS PLCC 32 27C512·15/L 

M27C512-15B1 OTP 512K EPROM,150NS PDIP28 27C512-15/P 

M27C512-15C1 OTP 512K EPROM,150NS PLCC 32 27C512T·15/L 

M27C512-20F1 UV 512K EPROM,200NS CERDIP 28 27C512-20/J 

M27C512-20C1 OTP 512K EPROM,200NS PLCC 32 27C512·20/L 

M27C512-20B1 OTP 512K EPROM,200NS PDIP 28 27C512-20/P 

M27C512-20C1 OTP 512K EPROM,200NS PLCC32 27C512T-20/L 

M27C512-10F6 UV 512K EPROM,100NS,IND CERDIP 28 27C512-10VJ 

M27C512-10C6 OTP 512K EPROM,100NS,IND PLCC32 27C512·10VL 

M27C512-10B6 OTP 512K EPROM,100NS,IND PDIP 28 27C512·10VP 

M27C512-1 OC6 OTP 512K EPROM, 100NS,IND PLCC 32 27C512T-10VL 

M27C512-12F6 UV 512K EPROM,120NS,IND CERDIP 28 27C512-12VJ 

M27C512-12C6 OTP 512K EPROM, 120NS,IND PLCC32 27C512-12VL 

M27C512-12B6 OTP 512K EPROM,120NS,IND PDIP 28 27C512-12VP 

M27C512-12C6 OTP 512K EPROM, 120NS,IND PLCC32 27C512T-12VL 

M27C512-15F6 UV 512K EPROM,150NS,IND CERDIP 28 27C512-15VJ 

M27C512-15C6 OTP 512K EPROM, 150NS,IND PLCC 32 27C512-1 SVL 

M27C512-15B6 OTP 512K EPROM, 150NS,IND PDIP 28 27C512·15VP 

M27C512-15C6 OTP 512K EPROM,150NS,IND PLCC32 27C512T-15VL 

M27C512-20F6 UV 512K EPROM,200NS,IND CERDIP 28 27C512-20VJ 

M27C512-20C6 OTP 512K EPROM,200NS,IND PLCC32 27C512-20VL 

M27C512-20B6 OTP 512K EPROM,200NS,IND PDIP28 27CS 12-20VP 

M27C512-20C6 OTP 512K EPROM,200NS,IND PLCC32 27C512T-20VL 

M27C512-80F1 UV 512K EPROM,70NS CERDIP 28 27C512A-70/J 

M27C512-80C1 OTP 512K EPROM,70NS PLCC 32 27C512A·70/L 
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M27C512-80B 1 OTP 512K EPROM,70NS PDIP 28 27C512A-70/P 

M27C512-80C1 OTP 512K EPROM,70NS PLCC 32 27C512AT-70/L 

M27C512-90F1 UV 512K EPROM,90NS CERDIP28 27C512A-90/J 

M27C512-90C1 OTP 512K EPROM,90NS PLCC 32 27C512A-90/L 

M27C512-90B1 OTP 512K EPROM,90NS PDIP 28 27C512A-90/P 

M27C512-90C1 OTP 512K EPROM,90NS PLCC 32 27C512AT-90/L 

M27C512-12F1 UV 512K EPROM, 120NS CERDIP28 27C512A-12/J 

M27C512-12C1 OTP 512K EPROM,120NS PLCC32 27C512A-12/L 

M27C512-12B1 OTP 512K EPROM,120NS PDIP28 27C512A-12/P 

M27C512-12C1 OTP 512K EPROM,120NS PLCC32 27C512AT-12/L 

M27C512-15F1 UV 512K EPROM,150NS CERDIP28 27C512A-15/J 

M27C512-15C1 OTP 512K EPROM,150NS PLCC32 27C512A-15/L 

M27C512-15B1 OTP 512K EPROM,150NS PDIP28 27C512A-15/P 

M27C512-15C1 OTP 512K EPROM,150NS PLCC32 27C512AT-15/L 

M27C512-20F1 UV 512K EPROM,200NS CERDIP 28 27C512A-20/J 

M27C512-20C1 OTP 512K EPROM,200NS PLCC32 27C512A-20/L 

M27C512-20B1 OTP 512K EPROM,200NS PDIP 28 27C512A-20/P 

M27C512-20C1 OTP 512K EPROM,200NS PLCC32 27C512AT-20/L 

M27V512-200K1 OTP 512K EPROM,3V,200NS PLCC32 27LV512-20/L 

M27V512-250K1 OTP 512K EPROM,3V,250NS PLCC32 27LV512-25/L 

M27V512-300K1 OTP 512K EPROM,3V,300NS PLCC32 27LV512-30/L 

M27V512-200K6 OTP 512K EPROM,3V,200NS,IND PLCC 32 27LV512-201/L 

M27V512-250K6 OTP 512K EPROM,3V,250NS,IND PLCC32 27LV512-251/L 

M27V512-300K6 OTP 512K EPROM,3V,300NS,IND PLCC 32 27LV512-301/L 

27C64A-1Q UV 64K EPROM, 1 SONS CERDIP28 27C64-15/J 

27C64A-20Q UV 64K EPROM,200NS CERDIP28 27C64-20/J 

27C64A-25Q UV 64K EPROM,250NS CERDIP28 27C64-25/J 

27C64A-1T UV 64K EPROM, 1 SONS,IND CERDIP28 27C64-151/J 

27C64A-20T UV 64K EPROM,200NS,IND CERDIP28 27C64-201/J 

27C64A-25Q UV 64K EPROM,250NS,IND CERDIP28 27C64-251/J 

27128A-1Q UV 128K EPROM,150NS CERDIP28 27C128-15/J 

27128A-20Q UV 128K EPROM,200NS CERDIP28 27C128-20/J 

27128A-25Q UV 128K EPROM,250NS CERDIP28 27C128-25/J 

27128A-1T UV 128K EPROM,150NS,IND CERDIP28 27C128-151/J 

27128A-20T UV 128K EPROM,200NS,IND CERDIP28 27C128-201/J 

27128A-25T UV 128K EPROM,250NS,IND CERDIP28 27C128-251/J 

27C256-120V1 OQ UV 256K EPROM, 120NS CERDIP28 27C256-12/J 

N27C256-120V1 OQ OTP 256K EPROM, 120NS PLCC 32 27C256-12/L 

P27C256-120V1 OQ OTP 256K EPROM,120NS PDIP 28 27C256-12/P 

27C256-150V1 OQ UV 256K EPROM, 1 SONS CERDIP28 27C256-15/J 

N27C256-150V1 OQ OTP 256K EPROM, 1 SONS PLCC32 27C256-15/L 

P27C256-150V10Q OTP 256K EPROM, 1 SONS PDIP28 27C256-15/P 

27C256-200V1 OQ UV 256K EPROM,200NS CERDIP28 27C256-20/J 

N27C256-200V1 OQ OTP 256K EPROM,200NS PLCC 32 27C256-20/L 

P27C256-200V1 OQ OTP 256K EPROM,200NS PDIP 28 27C256-20/P 

27C256-120V1 OT UV 256K EPROM, 120NS,IND CERDIP28 27C256-121/J 
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N27C256-120V1 OT OTP 256K EPROM,120NS,IND PLCC32 27C256-12VL 

P27C256-120V1 OT OTP 256K EPROM,120NS,IND PDIP 28 27C256-12VP 

27C256-150V10T UV 256K EPROM, 150NS, IND CERDIP28 27C256-15VJ 

N27C256-150V1 OT OTP 256K EPROM,150NS,IND PLCC32 27C256-15VL 

P27C256-150V1 OT OTP 256K EPROM,150NS,IND PDIP 28 27C256-15VP 

27C256-200V10T UV 256K EPROM,200NS,IND CERDIP28 27C256-20VJ 

N27C256-200V1 OT OTP 256K EPROM,200NS,IND PLCC 32 27C256-20VL 

P'27C253-200V1 CT 8TP 256K EPR0~.~.200NS,!ND PD!P 28 27C:;>!5f;-201/P 

27C512-120V10Q UV 512K EPROM,120NS CERDIP 28 27C512-12/J 

21cs12-1 sov1 oa UV 512K EPROM,150NS CERDIP28 27C512-15/J 

27C512-200V1 OQ UV 512K EPROM,200NS CERDIP28 27C512-20/J I 
27C512-120V10T UV 512K EPROM,120NS,IND CERDIP28 27C512-12VJ 

27C512-150V10T UV 512K EPROM,150NS,IND CERDIP 28 27C512-15VJ 

27C512-200V1 OT UV 512K EPROM,200NS,IND CERDIP 28 27C512-20VJ 

27C512-120V10Q UV 512K EPROM,120NS CERDIP 28 27C512A-12/J 

21c512-15ov1 oa UV 512K EPROM,150NS CERDIP 28 27C512A-15/J 

27C512-200V10Q UV 512K EPROM,200NS CERDIP28 27C512A-20/J 

Toshiba Part Number Description Microchip Part Number 

TC57256AD-12/-120 UV 256K EPROM,120NS CERDIP28 27C256-12/J 

TC57256AD-15/-150 UV 256K EPROM, 150NS CERDIP28 27C256-15/J 

TC57256AD-20 UV 256K EPROM,200NS CERDIP 28 27C256-20/J 

TC54256AP-15 OTP 256K EPROM, 150NS,IND PDIP 28 27C256-15VP 

TC54256AF-20* OTP 256K EPROM,150NS,IND SOIC 28 27C256-15VSO 

TC57512AD-15 UV 512K EPROM,150NS LCC 32 27C512-15/K 

TC54512AP-15 OTP 512K EPROM,150NS PDIP28 27C512-15/P 

TC54512AF-15* OTP 512K EPROM,150NS SOIC 28 27C512-15/SO 

TC57512AD-20 UV 512K EPROM,200NS CERDIP 28 27C512-20/J 

TC54512AP-20 OTP 512K EPROM,200NS PDIP 28 27C512-20/P 

TC54512AF-20* OTP 512K EPROM,200NS SOIC28 27C512-20/SO 

TC54512AP-17 OTP 512K EPROM,150NS,IND PDIP 28 27C512-15VP 

TC54512AP-20 OTP 512K EPROM,200NS,IND PDIP 28 27C512-20VP 

TC57H256D-70/-85 UV 256K HS EPROM,70NS CERDIP 28 27HC256-70/J 

National Part Number Description Microchip Part Number 

NM27C64Q150 UV 64K EPROM,150NS CERDIP 28 27C64-15/J 

NM27C64N150 OTP 64K EPROM,150NS PDIP 28 27C64-15/P 

NM27C64Q200 UV 64K EPROM,200NS CERDIP 28 27C64-20/J 

NM27C64N200 OTP 64K EPROM,200NS PDIP 28 27C64-20/P 

NM27C64QE150 UV 64K EPROM,150NS,IND CERDIP28 27C64-15VJ 

NM27C64NE150 OTP 64K EPROM,150NS,IND PDIP28 27C64-15VP 

NM27C1280150 UV 128K EPROM,120NS CERDIP 28 27C128-12/J 

NM27C128N150 OTP 128K EPROM,120NS PDIP 28 27C128-12/P 

NM27C128Q200 UV 128K EPROM,200NS CERDIP 28 27C128-20/J 

NM27C128N200 OTP 128K EPROM,200NS PDIP 28 27C128-20/P 

NM27C128QE150 UV 128K EPROM,150NS,IND CERDIP28 27C128-1 SVJ 
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NM27C128NE150 OTP 128K EPROM,150NS,IND PDIP28 27C128-151/P 

NM27C256Q100 UV 256K EPROM, 1 OONS CERDIP28 27C256" 1 O/J 

NM27C256V100 OTP 256K EPROM, 1 OONS PLCC 32 27C256-10/L 

NM27C256N100 OTP 256K EPROM, 100NS PDIP28 27C256•1 O/P 

NM27C256Q120 UV 256K EPROM,120NS CERDIP28 27C256-12/J 

NM27C256V120 OTP 256K EPROM,120NS PLCC32 27C256-12/L 

NM27C256N120 OTP 256K EPROM, 120NS PDIP28 27C256-12/P 

NM27C256Q150 UV 256K EPROM, 150NS CERDIP28 27C256-15/J 

NM27C256V150 OTP 256K EPROM, 150NS PLCC32 27C256-15/L 

NM27C256N150 OTP 256K EPROM, 150NS PDIP28 27C256-15/P 

NM27C256Q200 UV 256K EPROM,200NS CERDIP28 27C256-20/J 

NM27C256V200 OTP 256K EPROM,200NS PLCC 32 27C256-20/L 

NM27C256N200 OTP 256K EPROM,200NS PDIP28 27C256-20/P 

NM27C256QE100 UV 256K EPROM,100NS,IND CERDIP28 27C256-101/J 

NM27C256VE100 OTP 256K EPROM, 100NS,IND PLCC32 27C256-101/L 

NM27C256NE100 OTP 256K EPROM, 100NS,IND PDIP28 27C256-101/P 

NM27C256QE120 UV 256K EPROM,120NS,IND CERDIP28 27C256-121/J 

NM27C256VE120 OTP 256K EPROM,120NS,IND PLCC 32 27C256-121/L 

NM27C256NE120 OTP 256K EPROM,120NS,IND PDIP28 27C256-121/P 

NM27C256QE150 UV 256K EPROM, 150NS, IND CERDIP 28 27C256-151/J 

NM27C256VE150 OTP 256K EPROM,150NS,IND PLCC 32 27C256-151/L 

NM27C256NE150 OTP 256K EPROM,150NS,IND PDIP28 27C256-151/P 

NM27C256QE200 UV 256K EPROM,200NS,IND CERDIP28 27C256-201/J 

NM27C256VE200 OTP 256K EPROM,200NS,IND PLCC32 27C256-201/L 

NM27C256NE200 OTP 256K EPROM,200NS,IND PDIP28 27C256-201/P 

NM27C512Q120 UV 512K EPROM,120NS CERDIP28 27C512-12/J 

NM27C512V120 OTP 512K EPROM,120NS PLCC 32 27C512-12/L 

NM27C512N120 OTP 512K EPROM,120NS PDIP28 27C512-12/P 

NM27C512Q150 UV 512K EPROM,150NS CERDIP28 27C512-15/J 

NM27C512V150 OTP 512K EPROM,150NS PLCC 32 27C512-15/L 

NM27C512N150 OTP 512K EPROM,150NS PDIP 28 27C512-15/P 

NM27C512Q200 UV 512K EPROM,200NS CERDIP28 27C512-20/J 

NM27C512V200 OTP 512K EPROM,200NS PLCC32 27C512-20/L 

NM27C512N200 OTP 512K EPROM,200NS PDIP28 27C512-20/P 

NM27C512QE120 UV 512K EPROM,120NS,IND CERDIP 28 27C512-121/J 

NM27C512VE120 OTP 512K EPROM,120NS,IND PLCC 32 27C512-121/L 

NM27C512NE120 OTP 512K EPROM,120NS,IND PDIP 28 27C512-121/P 

NM27C512QE150 UV 512K EPROM,150NS,IND CERDIP28 27C512-151/J 

NM27C512VE150 OTP 512K EPROM,150NS,IND PLCC32 27C512-151/L 

NM27C512NE150 OTP 512K EPROM,150NS,IND PDIP28 27C512-151/P 

NM27C512QE200 UV 512K EPROM,200NS,IND CERDIP28 27C512-201/J 

NM27C512VE200 OTP 512K EPROM,200NS,IND PLCC 32 27C512-201/L 

NM27C512NE200 OTP 512K EPROM,200NS,IND PDIP28 27C512-201/P 

NM27C512Q120 UV 512K EPROM,120NS CERDIP28 27C512A-12/J 

NM27C512V120 OTP 512K EPROM, 120NS PLCC32 27C512A-12/L 

NM27C512N120 OTP 512K EPROM,120NS PDIP28 27C512A-12/P 
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NM27C512Q150 UV 512K EPROM, 150NS CERDIP28 27C512A-15/J 

NM27C512V150 OTP 512K EPROM,150NS PLCC32 27C512A-15/L 

NM27C512N150 OTP 512K EPROM,150NS PDIP 28 27C512A-15/P 

NM27C512Q200 UV 512K EPROM,200NS CERDIP28 27C512A-20/J 

NM27C512V200 OTP 512K EPROM,200NS PLCC 32 27C512A-20/L 

NM27C512N200 OTP 512K EPROM,200NS PDIP28 27C512A-20/P 

Atmel Part Number Description Microchip Part Number 

AT27C256R-90DC UV 256K EPROM,90NS CERDIP28~- 21c2ss~901J -

AT27C256R-90JC OTP 256K EPROM,90NS PLCC32 27C256-90/L 

AT27C256R-90PC OTP 256K EPROM,90NS PDIP28 27C256-90/P 

AT27C256R-90RC* OTP 256K EPROM,90NS SOIC28 27C256-90/SO 
I 

AT27C256R-90TC OTP 256K EPROM,90NS VSOP28 27C256-90NS 

AT27C256R-12DC UV 256K EPROM, 120NS CERDIP 28 27C256-12/J 

AT27C256R-12LC UV 256K EPROM, 120NS LCC32 27C256-12/K 

AT27C256R-12JC OTP 256K EPROM,120NS PLCC 32 27C256-12/L 

AT27C256R-12PC OTP 256K EPROM, 120NS PDIP28 27C256-12/P 

AT27C256R-12RC* OTP 256K EPROM, 120NS SOIC28 27C256-12/SO 

AT27C256R-12TC OTP 256K EPROM, 120NS VSOP28 27C256-12NS 

AT27C256R-15DC UV 256K EPROM,150NS CERDIP28 27C256-15/J 

AT27C256R-15LC UV 256K EPROM, 150NS LCC32 27C256-15/K 

AT27C256R-15JC OTP 256K EPROM, 150NS PLCC 32 27C256-15/L 

AT27C256R-15PC OTP 256K EPROM, 1 SONS PDIP28 27C256-15/P 

AT27C256R-15RC* OTP 256K EPROM, 150NS SOIC28 27C256-15/SO 

AT27C256R-15TC OTP 256K EPROM, 150NS VSOP28 27C256-15NS 

AT27C256R-20DC UV 256K EPROM,200NS CERDIP28 27C256-20/J 

AT27C256R-20LC UV 256K EPROM,200NS LCC32 27C256-20/K 

AT27C256R-20JC OTP 256K EPROM,200NS PLCC32 27C256-20/L 

AT27C256R-20PC OTP 256K EPROM,200NS PDIP28 27C256-20/P 

AT27C256R-20RC* OTP 256K EPROM,200NS SOIC28 27C256-20/SO 

AT27C256R-20TC OTP 256K EPROM,200NS VSOP28 27C256-20NS 

AT27C256R-12DI UV 256K EPROM, 120NS,IND CERDIP28 27C256-12VJ 

AT27C256R-12LI UV 256K EPROM,120NS,IND LCC32 27C256-12VK 

AT27C256R-12J I OTP 256K EPROM, 120NS,IND PLCC 32 27C256-12VL 

AT27C256R-12PI OTP 256K EPROM,120NS,IND PDIP28 27C256-12VP 

AT27C256R-12RI* OTP 256K EPROM,120NS,IND SOIC28 27C256-12VSO 

AT27C256R-15DI UV 256K EPROM, 150NS,IND CERDIP28 27C256-15VJ 

AT27C256R-15LI UV 256K EPROM, 150NS,IND LCC32 27C256-15VK 

AT27C256R-15JI OTP 256K EPROM,150NS,IND PLCC32 27C256-15VL 

AT27C256R-15PI OTP 256K EPROM,150NS,IND PDIP 28 27C256-15VP 

AT27C256R-15RI* OTP 256K EPROM, 150NS, IND SOIC 28 27C256-15VSO 

AT27C256R-20DI UV 256K EPROM,200NS,IND CERDIP28 27C256-20VJ 

AT27C256R-20LI UV 256K EPROM,200NS,IND LCC32 27C256-20VK 

AT27C256R-20JI OTP 256K EPROM,200NS,IND PLCC32 27C256-20VL 

AT27C256R-20PI OTP 256K EPROM,200NS,IND PDIP28 27C256-20VP 

AT27C256R-20RI* OTP 256K EPROM,200NS,IND SOIC 28 27C256-20VSO 
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Atmel Part Number Description Microchip Part Number 

AT27C512R-90DC UV 512KEPROM,90NS CERDIP28 27C512A·90/J 

AT27C512R-90LC UV 512K EPROM,90NS LCC32 27C512A-90/K 

AT27C512R-90JC OTP 512K,EPROM,90NS PLCC32 27C512A-90/L 

AT27C512R-90PC OTP 512K EPROM,90NS PDIP28 27C512A·90/P 

AT27C512R-90RC* OTP 512K EPROM,90NS SOIC 28 27C512A-90/SO 

AT27C512R-90TC OTP 512K EPROM,90NS VSOP28 27C512A-90NS 

AT27C512R-12DC UV 512K EPROM,120NS CERDIP28 27C512A-12/J 

AT27C512R-12LC UV 512K EPROM,120NS LCC32 27C512A-12/K 

AT27C512R-12JC OTP 512K EPROM,120NS PLCC 32 27C512A-12/L 

AT27C512R-12PC OTP 512K EPROM, 120NS PDIP28 27C512A-12/P 

AT27C512R-12RC* OTP 512K EPROM,120NS SOIC28 27C512A-12/SO 

AT27C512R-12TC OTP 512K EPROM,120NS VSOP28 27C512A-12/VS 

AT27C512R-15DC UV 512K EPROM,150NS CERDIP28 27C512A-15/J 

AT27C512R-15LC UV 512K EPROM,150NS LCC32 27C512A-15/K 

AT27C512R-15JC OTP 512K EPROM,150NS PLCC32 27C512A· 15/L 

AT27C512R-15PC OTP 512K EPROM,150NS PDIP28 27C512A-15/P 

AT27C512R-15RC* OTP 512K EPROM,150NS SOIC28 27C512A-15/SO 

AT27C512R-15TC OTP 512K EPROM,150NS VSOP28 27C512A· 15NS 

AT27C512R-20DC UV 512K EPROM,200NS CERDIP28 27C512A-20/J 

AT27C512R-20LC UV 512K EPROM,200NS LCC32 27C512A-20/K 

AT27C512R-20JC OTP 512K EPROM,200NS PLCC32 27C512A-20/L 

AT27C512R-20PC OTP 512K EPROM,200NS PDIP28 27C512A·20/P 

AT27C512R-20RC* OTP 512K EPROM,200NS SOIC28 27C512A·20/SO 

AT27HC256R-55DC UV 256K HS EPROM,55NS CERDIP 28 27HC256-55/J 

AT27HC256R-55LC UV 256K HS EPROM,55NS LCC32 27HC256-55/K 

AT27HC256R-70DC UV 256K HS EPROM,70NS CERDIP28 27HC256-70/J 

AT27HC256R-70LC UV 256K HS EPROM,70NS LCC32 27HC256'70/K 

AT27HC256R-70JC OTP 256K HS EPROM,70NS PLCC32 27HC256-70/L 

AT27HC256R-70PC OTP 256K HS EPROM,70NS PDIP28 27HC256-70/P 

AT27HC256R-90DC UV 256K HS EPROM,90NS CERDIP28 27HC256-90/J 

AT27HC256R-90LC UV 256K HS EPROM,90NS LCC32 27HC256-90/K 

AT27HC256R-90JC OTP 256K HS EPROM,90NS PLCC32 27HC256-90/L 

AT27HC256R-90PC OTP 256K HS EPROM,90NS PDIP 28 27HC256-90/P 

AT27HC256R-55DI UV 256K HS EPROM,55NS,IND CERDIP28 27HC256·55VJ 

AT27HC256R-55LI OTP 256K HS EPROM,55NS,IND PLCC32 27HC256-55VL 

AT27HC256R-70DI UV 256K HS EPROM,70NS,IND CERDIP 28 27HC256-70VJ 

AT27HC256R-70LI UV 256K HS EPROM,70NS,IND LCC32 27HC256-70VK 

AT27HC256R-70JI OTP 256K HS EPROM,70NS,IND PLCC32 27HC256-70VL 

AT27HC256R-70PI OTP 256K HS EPROM,70NS,IND PDIP 28 27HC256-70VP 

AT27LV256R-20DC OTP 256K EPROM,3V,200NS CERDIP 28 27LV256-20/J 

AT27LV256R-20LC OTP 256K EPROM,3V,200NS LCC32 27LV256-20/K 

AT27LV256R-20JC OTP 256K EPROM,3V,200NS PLCC32 27LV256-20/L 

AT27LV256R-20PC OTP 256K EPROM,3V,200NS PDIP28 27LV256·20/P 

AT27LV256R-20RC* OTP 256K EPROM,3V,200NS SOIC28 27LV256-20/SO 

AT27LV256R-20TC OTP 256K EPROM,3V,200NS VSOP28 27LV256-20NS 

AT27LV256R-25DC OTP 256K EPROM,3V,250NS CERDIP28 27LV256-25/J 
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Atmel Part Number Description Microchip Part Number 

AT27LV256R-25LC OTP 256K EPROM,3V,250NS LCC32 27LV256-25/K 

AT27LV256R-25JC OTP 256K EPROM,3V,250NS PLCC 32 27LV256-25/L 

AT27LV256R-25PC OTP 256K EPROM,3V,250NS PDIP 28 27LV256-25/P 

AT27LV256R-25RC' OTP 256K EPROM,3V,250NS SOIC 28 27LV256-25/SO 

AT27LV256R-25TC OTP 256K EPROM,3V,250NS VSOP28 27LV256-25NS 

AT27LV256R-20DI OTP 256K EPROM,3V,200NS,IND CERDIP28 27LV256-201/J 

AT27LV256R-20LI OTP 256K EPROM,3V,200NS,IND LCC 32 27LV256-201/K 
A"T",.,-.1 ',,...,-,...,...... ,...,-,......, 

f'\1 C.I LVL~on-L>.JUI OTP 25GK EPROM,3V,250~~s,:~~c CERDlP28 2?!...V256-25!!J 

AT27LV256R-25LI OTP 256K EPROM,3V,250NS,IND LCC32 27LV256-251/K 

AT27LV512R-20DC OTP 512K EPROM,3V,200NS CERDIP28 27LV512-20/J 

AT27LV512R-20LC OTP 512K EPROM,3V,200NS LCC 32 27LV512-20/K • AT27LV512R-20JC OTP 512K EPROM,3V,200NS PLCC 32 27LV512-20/L 

AT27LV512R-20PC OTP 512K EPROM,3V,200NS PDIP28 27LV512-20/P 

AT27LV512R-20Rc• OTP 512K EPROM,3V,200NS SOIC 28 27LV512-20/SO 

AT27LV512R-20TC OTP 512K EPROM,3V,200NS VSOP28 27LV512-20NS 

AT27LV512R-25DC OTP 512K EPROM,3V,250NS CERDIP 28 27LV512·25/J 

AT27LV512R-25LC OTP 512K EPROM,3V,250NS LCC32 27LV512-25/K 

AT27LV512R-25JC OTP 512K EPROM,3V,250NS PLCC 32 27LV512-25/L 

AT27LV512R-25PC OTP 512K EPROM,3V,250NS PDIP 28 27LV512-25/P 

AT27LV512R-25Rc• OTP 512K EPROM,3V,250NS SOIC 28 27LV512-25/SO 

AT27LV512R-25TC OTP 512K EPROM,3V,250NS VSOP 28 27LV512-25NS 

AT27LV512R-20DI OTP 512K EPROM,3V,200NS,IND CERDIP28 27LV512-201/J 

AT27LV512R-20LI OTP 512K EPROM,3V,200NS,IND LCC 32 27LVS12-201/K 

AT27LV512R-25DI OTP 512K EPROM,3V,250NS,IND CERDIP28 27LV512-251/J 

AT27LV512R-25LI OTP 512K EPROM,3V,250NS,IND LCC32 27LV512-251/K 
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FIGURE 1-1: ADVANCED MICRO DEVICES 

AM27C512 - 75 D C B 

~q 

Part Number Density 
C =CMOS 

HC =High Speed CMOS 
LV = 3.3V Operation (1 MB and higher) 

X = Express ROM (OTP) 

FIGURE 1-2: TEXAS INSTRUMENTS 

TMSC512 - 100 J L 4 

~~ 

Part Number Density 

C=CMOS 
PL=OTPCMOS 
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Blank 
B 

Std. Process 
Bum-in 

c 

E 

Commercial 0°c to +70°C 
Industrial -40°C to +B5°C 
Extended -55°C to + 125°C 

D 2B-lead CERDIP 
L 32-lead Ceramic Leadless LCC 
P 2B-lead PDIP 
J 32-lead PLCC 
E 32-lead TSOP 

35 35ns-Vcc±10% 
45 45 ns - Vee ± 1 0% 
55 55 ns - Vee ± 10% 
70 70 ns - Vee ± 10% 
75 75 ns - Vee± 5% 
90 90 ns - Vee ± 10% 

120 120ns-Vcc±10% 
150 
200 
250 
255 

Blank 
4 

L 
E 

N 
FM 
DD 

150 ns -Vee± 10% 
200 ns -Vee± 10% 
250 ns - Vee± 10% 
225 ns - Vee ± 5% 

Std. Process 
168 Hr Burn-in 

Commercial 0°c to +70°C 
Extended -40°C to +B5°C 

2B-lead CERDIP 
2B-lead PDIP 
32-lead PLCC 
2B-lead TSOP 

DU 32-lead Reverse Pin-out TSOP 

10 100 ns-Vcc± 10% 
12 120 ns -Vee± 10% 
15 150 ns -Vee± 10% 
17 170 ns -Vee± 10% 
20 200 ns -Vee± 10% 
25 250 ns-Vcc ± 10% 

100 1 00 ns - Vee ± 5% 
120 120 ns - Vee± 5% 
150 150 ns - Vee ± 5% 

170 ns - Vee ± 5% 
2 200 ns - Vee ± 5% 

Blank 250 ns - Vee ± 5% 
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FIGURE 1-3: SGS-THOMSON 

M27C256B- 80 X F 1 ~ 
L 
x 

TR 

Low Power 
Additional Burn-in 
Tape & Reel 

0°C to +70°C 
3 -40°C to + 125°C 
6 -40°C to +85°C 
7 -40°C to +105°C 

F 
B 
c 
M 
N 

28-lead CERDIP 
28-lead PDIP 
32-lead PLCC 
28-lead .330" SOIC 
32-lead VSOP 

EPROM 

~~~~~~J x 
I Blank 

Vcc±5% 
Vcc±10% 

Part Number Density 

C ;CMOS 

FIGURE 1-4: INTEL CORPORATION 

P 27C256 -120V10 Q 

~~, 

Pait Number Density 
C ;CMOS 

© 1994 Microchip Technology Inc. 

80 80 ns 
90 90 ns 
10 100 ns 
12 120,ns 
15 150 ns 
20 
25 
30 

200 ns 
250 ns 
300 ns 

Q 

T 
L 

Commercial 0°C to +70°C, 168 Hr Burn-in 
Extended -40°C to +85°C 

Blank 

120V10 
150V10 
200V10 

Extended -40°C to +85°C, 168 Hr Burn-in 
Commercial 0°c to +70°C 

120ns, Vcc±10% 
150 ns, Vee± 10% 
200 ns, Vee± 10% 

NOTE: V05 indicates Vee± 5% 

Blank 
N 
p 

CERDIP 
PLCC 
PDIP 
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FIGURE 1-5: TOSHIBA CORPORATION 

TC57256A 

T 
Part Number Density 

H = High Speed 

57= EPROM 

54 :OTP PROM 

D -12 

L 

I 

12 120 ns - Vee@± 5% 
15 120 ns - Vee @ ± 5% 

120 120 ns -Vee@± 10% 
150 150 ns -Vee@± 10% 
20 200 ns - Vee @ ± 5% 
70 70 ns - Vee @ ± 5% 
85 85 ns - Vee@± 10% 

D CERDIP 
p PDIP 
F .330" SOIC 

FIGURE 1-6: NATIONAL SEMICONDUCTOR CORPORATION 

NM27C512 Q E 120 

Part Number Density 
C=CMOS 

FIGURE 1-7: HITACHI CORPORATION 

HN27C256A ~ -IS I 

'1 

Pan ~ymber D!to§ity 

C=CMOS 
H = High Speed 
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100 
120 
150 
200 

Blank 
E 

Q 

N 
v 

I 
Blank 

T 

70 
85 
10 
12 
15 
17 
20 
25 

30 

1 
6 
p 

FF 

ns 
ns 
ns 
ns 

Commercial 0°C to +70°C 
Extended -40°C to +85°C 

CERDIP 
PDIP 
PLCC 

= Standard 

= Tape & Reel 

= 70 ns 

= 85 ns 

= 100 ns 

= 120 ns 

= 150 ns 

= 170 ns 

= 200 ns 

= 250 ns 

= 300 ns 

= 28-lead CERDIP 

= 28-lead PDIP 

= .330"SOIC 
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FIGURE 1-8: ATMEL CORPORATION 

AT27C512R-90 D 
------, 

Part Number Density 

C=CMOS 

HC = High Speed 

LV = 3.3V Operation 

c 

I 

EPROM 

FIGURE 1-9: MICROCHIP TECHNOLOGY INCORPORATED 

27C512A - 70 I /P 
--, 

L Package J = CERDIP 

K = Ceramic Leadless Chip Carrier 

L = Plastic Leaded Chip Carrier 
p = PDIP 

so = Plastic SOIC 

TS = Thin Small Outline Package(TSOP) 8x20mm 

vs = Very Small Outline Package(VSOP) 8x13.4mm 

Temperature - = o·c to +7o·c 

Range: I = -40'C to +85'C 

E = -40°C to +125°C 

Access 70 = 70 ns 

Time: 90 = 90 ns 

10 = 100 ns 

12 = 120 ns 

15 = 150 ns 

I Device: 27C512A 512K (64K x 8) CMOS EPROM 
T =Tape And Reel 
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MICROCHIP 

24AA01/02 
24AA04/08 
24AA16 
24AA164 
24AA32 
24LC018/028 
24LC048/088 
24LC168 
24LC164 
24LC32 
24C01 A/02A/04A 
24C088/168 
24C32 
85C72/82/92 

SECTION3 
I 2c™ SERIAL EEPROM 

PRODUCT SPECIFICATIONS 

1K/2K 1.8V CMOS Serial EEPROMs ................................................................. 3-1 
4K/8K 1.8V CMOS Serial EEPROMs ............................................................... 3-11 
16K 1.8V CMOS Serial EE PROM .................................................................... 3-21 
16K 1.8V Cascadable CMOS Serial EE PROM ................................................ 3-31 
32K 1.8V CMOS Serial EEPROM .................................................................... 3-41 
1 K/2K 2.5V CMOS Serial EEPROMs ............................................................... 3-53 
4K/8K 2.5V CMOS Serial EEPROMs ............................................................... 3-63 
16K 2.5V CMOS Serial EEPROM .................................................................... 3-73 
16K 2.5V Cascadable CMOS Serial EEPROM ................................................ 3-83 
32K 2.5V CMOS Serial EEPROM .................................................................... 3-93 
1 K/2K/4K 5.0V CMOS Serial EEPROMs ....................................................... 3-105 
8K/16K 5.0V E-Temperature Serial EEPROMs ............................................. 3-115 
32K 5.0V CMOS Serial EE PROM .................................................................. 3-125 
1 K/2K/4K 5.0V CMOS Serial EEPROM ......................................................... 3-137 
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MICROCHIP 24AA01/02 
1K/2K 1.8V CMOS Serial EEPROMs 

FEATURES 

• Single supply with operation down to 1.BV 

• Low power CMOS technology 

1 mA active current typical 

- 10 µA standby current typical at 5.5V 

- 3 µA standby current typical at 1.8V 

• Organized as a single block of 128 bytes (128 x 8) 
or 256 bytes (256 x 8) 

• Two wire serial interface bus, 12C™ compatible 

• Schmitt trigger, filtered inputs for noise suppres-
sion 

• Output slope control to eliminate ground bounce 

• 100 kHz (1.8V) and 400 kHz (5V) compatibility 

• SeH-timed write cycle (including auto-erase) 

• Page-write buffer for up to 8 bytes 

• 2 ms typical write cycle time for page-write 

• Hardware write protect for entire memory 

• Can be operated as a serial ROM 

• Factory programming (OTP) available 

• ESD protection > 3,000V 

• 10,000,000 ERASE/WRITE cycles guaranteed 
on24AA01 

• 1,000,000 ERASE/WRITE cycles guaranteed 
on24AA02* 

• Data retention > 40 years 

• 8-pin DIP or SOIC package 

• Available for extended temperature ranges 

- Commercial: O'C to +70'C 

DESCRIPTION 

The Microchip Technology Inc. 24AA01 and 24AA02 
are 1 K bit and 2K bit Electrically Erasable PROMs. The 
devices are organized as a single block of 128 x 8 bit 
or 256 x 8 bit memory with a two wire serial interface. 
Low-voltage design permits operation down to 1.8 volts 
with standby and active currents of only 3 µAand 1 mA, 
respectively. The 24AA01 and 24AA02 also have 
page-write capability for up to 8 bytes of data. The 
24AA01 and 24AA02 are available in the standard 8-
pin DIP and 8-pin surface mount SOIC packages. 

*Future: 10,000,000 E/W cycles guaranteed 

l2C is a trademark of Philips Corporation 

© 1995 Microchip Technology Inc. 

PACKAGE TYPE 

DIP 

AO 8 Vee 

A1 2 ~ 7 WP 
~ 

A2 3 ct 
6 SCL ..,. 

N 

Vss 4 5 SDA 

SOIC 

AO 8 Vee 

A1 2 ~ 7 WP 
~ 

3 ct 6 SCL A2 ..,. 
N 

Vss 4 5 SDA 

BLOCK DIAGRAM 

WP 

,-------!~ HV GENERATOR 

0 D 
SDA SCl 

Vee 0-
VSS 0--

EEPROMARRAY 

PAGE LATCHES 
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24AA01/02 

E:LECTRICAL CHAflACTERISTICS 
' ''.~ ' ' ' 

i.1 llllaxjmum Ratings• 

VQQ •.•.......... : ..•........• : ..•. ; ..•• ; .•• d;.<f>~·•: .................... 7;0V 
All inputs and outputs w.r.t. Vss .... -0.6V to Vr;c +1.0V 

Storage temperature .......................... -65 "C to + 150 'C 

Ambient temp. with power appHed ..... -65"C to +125'C 

Soldering temperature of leads (10 seconds) .. +300 'C 

ESD protection on all pins ...................................... ~'4.kV 
"Notice: Stresses above those listed under "Maximum ratings' 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of .the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Vee= + 1.8V to +5.5V 

TABLE 1-1: 

Name 

·.p;T · Vss• 

SDA 

SCL 

WP 

Vee 

AO,A1,A2 

Commercial (C): Tamb = o·c to +7o;C 

Parameter Symbol Min Typ Max 

WP, SCL and SDA pins: 
High level input voltage VIH :1vcc - -
Low level input voltage VIL --- - .3Vcc 
Hysteresis of Schmitt trigger VHYS .05 Voo - -
inputs 
Low level output voltage VOL - - .40 

Input leakage current ILi -10 - 10 

Output leakage current ILO -10 - 10 

Internal capacitance CINT - - 10 
(all inputs/outputs) 

Operating current lee Write - - 3 
- .5 -

Ice Read - - 1 
- .05 -

Standby current Ices - - 100 
- - 30 
- 3 -

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

FIGURE 1-1: BUS TIMING START/STOP 

VHYS 

TSU:STA 

SDA -----.,.-..1 

START 

DS21052D-page 3-2 

PIN FUNCTION T~a-..'e 

Function 

'Gf0imii. ,,.,;:·,_:-'.-, :. 
, 

Serial AQtlress/Data/l/O 

Se~IClock· 

Write Protect Input 

+ 1.SV to 5.SV Power Supply 

No Internal Connection 

Units Conditions 

v 
v 
v 

v 

µA 

µA 

pF 

mA 
mA 
mA 
mA 

µA 
µA 
µA 

' 

Note 1 

IOL = 3.0 mA, Vee = 1.8V 

VIN= .1V to 5.5V 

VOUT = .1V to 5.5V 

Vee = 5.0V (Note 1) 
Tamb = 25"C, FLCK = 1 MHz 

Vee = 5.5V, SCL = 400 kHz 
Vee = 1.8V, SCL = 100 kHz 
Vee = 5.5V, SCL = 400 kHz 
Vee= 1.8V, SCL= 100 kHz 

Vee= 5.5V, SDA = SCL =Vee 
Vee= 3.0V, SDA = SCL =Vee 
Vee= 1.8V, SDA = SCL = Vee 

I . I 

STOP 

I 
I 
I 
I 
I 
I 
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TABLE 1-3: AC CHARACTERISTICS 

Standard Mode 
Vee = 4.5 - 5.5V 

Fast Mode Parameter Symbol Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time .TLOW 4700 - 1300 - ns 

SDA and SCL rise iime TR - iOOO - JOO ns Noie2 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup Tsu:srA 4700 - 600 - ns Only relevant for repeated 
time START condition 

Data input hold time THD:DAT 0 - 0 - ns Note1 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time Tsu:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note1 

Bus free time TBUF 4700 - 1300 - ns lime the bus must be free 
before a new transmis-
sion can start 

Output fall time from V1H TOF - 250 20 +0.1 250 ns Note 2, CB~ 100 pF 
min to VIL max CB 

Input filter spike suppres- TSP NIA N/A 0 50 ns Note3 
sion (SDA and SCL pins) 

Write cycle time TwR - 10 - 10 ms Byte or Page mode 

Note 1 : As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB= total capacitance of one bus line in pF. 

Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise spike suppression. This eliminates the need for a Tl specification for standard operation. 

FIGURE 1-2: BUS TIMING DATA 

SDA 
IN 

SDA 
OUT 

... 

............. t HD:STA 
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~HIGH ... 

t HD:DAT 

' , __ -
1

su:STO_.. R-
t ~~-1---- --- ... t l3UF ... 

~>K __ -_-_ 
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2.0 FUNCTIONAL DESCRIPTION 
The 24AA01/02 supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as reQeiver. · The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener
ates the START and STOP conditions, while the 
24AA01/02 works as slave. Both, master and slave 
can operate as transmitter or receiver but the master 
device determines which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1 ). 

3.1 Bus not Busy CA> 

Both data and clock lines remain HIGH. 

3.2 Start Pata Transfer <Bl 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bitof data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 

FIGURE 3·1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (8) 
SCL ---1---1-~ 
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-START CONDITION 
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4.0 BUS CHARACTERISTICS 

4.1 Slave Address 

The 24AA01/02 are software-compatible with older 
devices such as 24C01A, 24C02A, 24LC01, and 
24LC02. A single 24AA02 can be used in place of two 
24LC01's, for example, without any modifications to 
software. The "chip select" portion of the control byte 
becomes a don't care. 

After generating a START condition, the bus master 
!!'a.!1Sr.1!ts !he s!ave gddress sor.s!stlr.g ct ~ J!-b~t device 
code (1010) for the 24AA01/02, followed by three don't 
care bits. 

The eighth bit of slave address determines if the master 
device wants to read or write to the 24AA01/02 (see 
Figure 4-1). 

The 24AA01/02 monitors the bus for its corresponding 
slave address all the time. It generates an acknowl
edge bit ii the slave address was true and it is not in a 
programming mode. 

Operation 
Control 

Chip Select RiW 
Code 

Read 1010 xxx 1 

Write 1010 xxx 0 

FIGURE 4-1: CONTROL BYTE 
ALLOCATION 

START READ/WRITE 

/ ~ 

l s:LAV~ AD~RES:s : IMvj A 

I \ 
I \ 

I \ 
I \ 

f I I 
\ 

I 1 0 1 0 x x x 

X = don't care 

FIGURE 5-1: BYTE WRITE 
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5.0 WRITE OPERATION 

5.1 Byte Write 

Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the RfiiJ 
bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next by1e transmit
ted by the master is the word address and will be writ
ten into the address pointer of the 24AA01/02. After 
receiving another acknowledge signal from the 
24AA01/02 the master device will transmit the data 
word to be written into the addressed memory location. 
The 24AA01/02 acknowledges again and the master 
generates a stop condition. This initiates the internal 
write cycle, and during this time the 24AA01/02 will not 
generate acknowledge signals (see Figure 5-1). 

5.2 Page Write 

The write control byte, word address and the first data 
by1e are transmitted to the 24AA01/02 in the same way 
as in a by1e write. But instead of generating a stop con
dition the master transmits up to eight data by1es to the 
24AA01/02 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the three lower order address 
pointer bits are internally incremented by one. The 
higher order five bits of the word address remains con
stant. If the master should transmit more than eight 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin (see Figure 8-1). 

WORD 
ADDRESS DATA 
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T 
0 
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24AA01/02 

6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop conditi9n for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6·1: ACKNOWLEDGE POLLING 
FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 

Send Start 

Send Control Byte 
with RfW=O 

Next 
Operation 

FIGURE 8-1: PAGE WRITE 
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T 

BUS ACTIVITY: A 
MASTER R 

CONTROL 
BYTE T-----

WORD 
ADDRESS (n) 

7.0 WRITE PROTECTION 
The 24AA01/02 can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-1;>rotected. 

8.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the RJW bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran
dom read, and sequential read. 

8.1 Current Address Read 

The 24AA01/02 contains an address counter that 
maintains the address of the last word accessed, inter
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to 
address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with RJW bit set to one, the 24AA01/ 
02 issues an acknowledge and transmits the eight bit 
data word. The master will not acknowledge the trans
fer but does generate a stop condition and the 24AA01/ 
02 discontinues transmission (see Figure 8-2). 

8.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA01/02 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24AA01/02 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA01/02 dis
continues transmission (see Figure 8-3). 

DATAn DATAn+ 1 DATAn+7 
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T 
0 
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24AA01/02 

FIGURE 8-2: CURRENT ADDRESS READ 
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BUS ACTIVITY: A N 
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FIGURE 8-3: RANDOM READ 

• BUS ACTIVITY: CONTROL WORD CONTROL 
MASTER BYTE ADDRESS (n) BYTE 

SDA LINE 

BUS ACTIVITY: 
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24AA01/02 

8.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24AA01/02 transmits 
the first data byte, the master issues an acknowledge 
as opposed to a stop condition in a random read. This 
directs the 24AA01/02 to transmit the next sequentially 
addressed 8 bit word (see Figure 9-1). 

To provide sequential reads the 24AA01/02 contains 
an internal address pointer which is incremented by 
one at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 

8.4 Noise Protection 

The 24AA01/02 employs a Vee threshold detector cir
cuit which disables the internal erase/write logic if the 
Vee is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 9-1: SEQUENTIAL READ 

9.0 PIN DESCRIPTIONS 

9.1 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 10KQ for 100 kHz, 1 K for 400 
kHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

9.2 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.3 WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled 
(read/write the entire memory). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read opera
tions are not affected. 

This feature allows the user to use the 24AA01/02 as a 
serial ROM when WP is enabled (tied to Vee). 

9.4 AO. At. A2 

These pins are not used by the 24AA01/02. They may 
be left floating or tied to either Vss or Vee. 

s 
A A A T 

BUS ACTIVITY: CONTROL C C C O 
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24AA01/02 Product Identification System 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24AA01/02 • /P 

~-' 

Sales and Support 

I Temperature 
Range: 

Device: 

p 
SN 
SM 

Blank 

24AA01 
24AA01T 

24AA02 
24AA02T 

Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 8-lead 
Plastic SOIC (207 mil Body), 8-lead 

o·c10+1o·c 

1.8V, 1 K CMOS Serial EEPROM 
1.8V, 1 K CMOS Serial EEPROM (Tape and Reel) 

1.8V, 2K CMOS Serial EEPROM 
1.8V, 2K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 
2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345or1-602-786-7302. 
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MICROCHIP 24AA04/08 
4K/8K 1.8V CMOS Serial EEPROMs 

FEATURES 

• Single supply with operi;ition down to 1.BV 

• Low power CMOS technology 

1 mA active current typical 

- 1 O µA standby current typical at 5.5V 

- 3 µA standby current typical at 1.BV 

• Organized as 2 or 4 blocks of 256 bytes 
(2 x 256 x 8) or (4 x 256 x 8) 

• Two wire serial interface bus, 12C™ compatible 

• Schmitt trigger, filtered inputs for noise suppres-
sion 

• Output slope control to eliminate ground bounce 

• 100 kHz (1.8V) and 400 kHz (5V) compatibility 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer for up to 16 bytes 

• 2 ms typical write cycle time for page-write 

• Hardware write protect for entire memory 

• Can be operated as a serial ROM 

• Factory programming (OTP) available 

• ESD protection > 4,000V 

• 1,000,000 ERASE/WRITE cycles guaranteed* 

• Data retention > 40 years 

• 8-pin DIP, 8-lead or 14-lead SOIC packages 

• Available for extended temperature ranges 

- Commercial: O'C to +70'C 

DESCRIPTION 

The Microchip Technology Inc. 24AA04/08 is a 4K bit or 
BK bit Electrically Erasable PROM. The device is orga
nized as 2 or 4 blocks of 256 x 8 bit memory with a two 
wire serial interface. Low voltage design permits oper
ation down to 1.8 volts with standby and active currents 
of only 3 µA and 1 mA respectively. The 24AA04/08 
also has a page-write capability for up to 16 bytes of 
data. The 24AA04/08 is available in the standard 8-pin 
DIP and both 8-lead and 14-lead surface mount SOIC 
packages. 

*Future: 10,000,000 E/W cycles guaranteed 

l2C is a trademark of Philips Corporation 

© 1995 Microchip Technology Inc. DS21053C-page 3-11 
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24AA04/08 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vcc ......................................................................... 7.0V 

All inputs and outputs w.r.t. yss ... -0.6V to VCC + 1.0V 

Storage temperature ............ '. ............. -65'C to +150'C 

Ambient temp. with power applied ..... -65°C to+ 125°C 

Soldering temperature of leads (1 O seconds) .. +300°C 

ESD protection on all pins ...................................... 2:4 kV 
*Notice: Stresses above those listed under "Maximum ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Sym 

WP, SCL and SDA pins: 

Min 

High level input voltage VIH .7Vcc 

Low Level input voltage VIL -
Hysteresis of Schmitt trigger VHYS .05 Vee 
inputs 

Low level output voltage VOL -
Input leakage current ILi -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice WRITE -
-

Ice READ -
-

Standby current Ices -
-
-

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Se.rial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee + 1.8V to 5.5V Power Supply 

AO,A1,A2 No lnternalConnection 

Vee = + 1.8V to +5.5V 
Commercial (C): Tamb = o·c to +1o·c 

Typ Max Units Conditions 

- - v 

- .3Vcc v 

- - v Note 1 

- .40 v IOL = 3.0 mA, Vee= 1.8V 

- 10 µA VIN= .1V to Vee 

- 10 µA VOUT= .1Vto Vee 

- 10 pF Vee= 5.0V (Note 1) 
Tamb = 25°C, FCLK = 1 MHz 

- 3 mA Vee = 5.5V, SCL = 400 kHz 
.05 - mA Vee = 1.8V, SCL = 100 kHz 
- 1 mA Vee = 5.5V, SCL = 400 kHz 
.05 - mA Vee = 1.8V, SCL = 100 kHz 

100 µA Vee= 5.5V, SDA=SCL=VCC 
30 µA Vee':' 3.0V, SDA=SCL=VCC 

3 - µA Vee= 1.8V, SDA=SCL=VCC 

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

FIGURE 1-1: BUS TIMING START/STOP 

VHYS 

SCL ----' 
THD:STA 

Tsu:STA 

SDA-----;......1 

START STOP 
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24AA04/08 

TABLE 1-3: AC CHARACTERISTICS 

Standard Mode 
Vee= 4.5-5.5V 

Parameter Symbol Fast Mode Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise iime TR - iOOO - 300 rJS Nuie2 

SDA and SCL fall time TF - 300 - 300 ns Note 2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first clock 
pulse is generated 

START condition setup Tsu:STA 4700 - 600 - ns Only relevant for repeated 
time START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time TSU: DAT 250 - 100 - ns 

STOP condition setup time Tsu:sro 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free before 
a new transmission can start 

Output fall time from VIH TOF - 250 20 + 0.1 250 ns Note 2, CB~ 100 pF 
min to VIL max CB 

Input filter spike suppres- TSP N/A N/A 0 50 ns Note 3 
sion (SDA and SCL pins) 

Write cycle time TWR - 10 - 10 ms Byte or Page mode 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB= total capacitance of one bus line in pF. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Tl specification for standard operation. 

FIGURE 1-2: BUS TIMING DATA 
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24AA04/08 

2.0 FUNCTIONAL DESCRIPTION 
The 24AA04/08 supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener
ates the START and STOP conditions, while the 
24AA04/08 works as slave. Both, master and slave 
can operate as transmitter or receiver but the master 
device determines which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1). 

3.1 Bus not Busy CAl 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid CDl 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (8) 
SCL ---1--+-"' 

SDA 

START CONDITION 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 

A control byte is the first byte received following the 
start condition from the master device. The control 
byte consists of a four bit control code, for the 24AA04/ 
08 this is set as 101 O binary for read and write opera
tions. The next three bits of the control byte are the 
block select bits (B2, B1, BO). B2 is a don't care for 
both the 24AA04 and 24AA08; B1 is a don't care for 
the 24AA04. Thev are used by the master device to 
select which of the two or four 256 word blocks of mem
ory are to be accessed. These bits are in effect the 
most significant bits of the word address. 

The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24AA04/08 monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the RiW bit, the 24AA04/08 will select a 
read or write operation. 

Operation 
Control 

Block Select 
Code 

Read 1010 Block Address 

Write 1010 Block Address 

FIGURE 4-1: CONTROL BYTE 
ALLOCATION 

START READ/WRITE 

/ '-.,,._ 

I 
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I ' I ' I ' I ' 
0 0 x B1 BO 

X =don't care, B1 is don't care for 24AA04 

FIGURE 5-1: BYTE WRITE 
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5.0 

5.1 

WRITE OPERATION 

Byte Write 

Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R!W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit
ted by the master is the word address and will be writ
ten into the address pointer of the 24AA04/08. After 
receiving another acknowledge signal from the 
24AA04/08 the master device will transmit the data 
word to be written into the addressed memory location. 
The 24AA04/08 acknowledges again and the master 
generates a stop condition. This initiates the internal 
write cycle, and during this time the 24AA04/08 will not 
generate acknowledge signals (see Figure 5-1). 

5.2 Page Write 

The write control byte, word ad dress and the first data 
byte are transmitted to the 24AA04/08 in the same way 
as in a byte write. But instead of generating a stop con
dition the master transmits up to sixteen data bytes to 
the 24AA04/08 which are temporarily stored in the on
chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than six
teen words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin (see Figure 8-1 ). 
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24AA04/08 

6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (RIW = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 
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7.0 WRITE PROTECTION 
The 24AA04/08 can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

8.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the RiW bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran
dom read, and sequential read. 

8.1 Current Address Read 

The 24AA04/08 contains an address counter that 
maintains the address of the last word accessed, inter
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to 
address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R!W bit set to one, the 24AA04/ 
08 issues an acknowledge and transmits the eight bit 
data word. The master will not acknowledge the trans
fer but does generate a stop condition and the 24AA04/ 
08 discontinues transmission (see Figure 8-2). 

8.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA04/08 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the RiW bit set to a one. The 24AA04/08 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA04/08 dis
continues transmission (see Figure 8-3). 
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FIGURE 8-2: CURRENT ADDRESS READ 
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8.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24AA04/08 transmits 
the first data byte, the master issues an acknowledge 
as opposed to a stop condition in a random read. This 
directs the 24AA04/08 to transmit the next sequentially 
addressed 8 bit word (see Figure 9-1 ). 

To provide sequential reads the 24AA04/08 contains 
an internal address pointer which is incremented by 
one at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 

8.4 Noise Protection 

The 24AA04/08 employs a Vee threshold detector cir
cuit which disables the internal erase/write logic if the 
Vee is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 9-1: SEQUENTIAL READ 
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9.0 PIN DESCRIPTIONS 

9.1 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 1 on for 100 kHz, 1 n for 400 
kHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

9.2 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.3 WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled 
(read/write the entire memory). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read opera
tions are not affected. 

This feature allows the user to use the 24AA04/08 as a 
serial ROM when WP is enabled (tied to Vee). 

9.4 AO.A1.A2 

These pins are not used by the 24AA04/08. They may 
be left floating or tied to either Vss or Vee. 
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24AA04/08 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24AA04/08 - /P 

~Paokag" p 
SL 
SN 
SM 

Sales and Support 

l Temperature Blank 
Range: 

Device: 24AA04 
24AA04T 

24AA08 
24AA08T 

Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 14-lead 
Plastic SOIC (150 mil Body), 8-lead 
Plastic SOIC (207 mil Body), 8-lead 

o·c10+7o·c 

1.8V, 4K CMOS Serial EEPROM 
1.8V, 4K CMOS Serial EEPROM (Tape and Reel) 
1.8V, 8K CMOS Serial EEPROM 
1.8V, 8K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom· 
mended wor1<arounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800· 755-2345 or 1-602-786· 7302. 
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MICROCHIP 24AA16 
16K l.SV CMOS Serial EEPROM 

FEATURES 

• 8inglA supply with operation down to 1.8V 

• Low power CMOS technology 

1 mA active current typical 

- 10 µA standby current typical at 5.5V 

- 3 µA standby current typical at 1.8V 

• Organized as 8 blocks of 256 bytes (8 x 256 x 8) 

• Two wire serial interface bus, 12C™ compatible 

• Schmitt trigger, filtered inputs for noise suppres-
sion 

• Output slope control to eliminate ground bounce 

• 100 kHz (1.BV) and 400 kHz (5V) compatibility 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer for up to 16 bytes 

• 2 ms typical write cycle time for page-write 

• Hardware write protect for entire memory 

• Can be operated as a serial ROM 

• Factory programming (OTP) available 

• ESD protection > 4,000V 

• 10,000,000 ERASE/WRITE cycles guaranteed 
• Data retention > 40 years 

• 8 pin DIP, 8-lead or 14-lead SOIC packages 

• Available for extended temperature ranges 

- Commercial: o·c to +70'C 

DESCRIPTION 

The Microchip Technology Inc. 24AA 16 is a 1.8 volt 
16K bit Electrically Erasable PROM. The device is 
organized as 8 blocks of 256 x 8 bit memory with a two 
wire serial interface. Low voltage design permits oper-
ation down to 1.8 volts with standby and active currents 
of only 3 µA and 1 mA, respectively. The 24AA 16 also 
has a page-write capability for up to 16 bytes of data. 
The 24AA 16 is available in the standard 8-pin DIP and 
both 8-lead and 14-lead surface mount SOIC pack-
ages. 

12C is a trademark of Philips Corporation 

© 1995 Microchip Technology Inc. 
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24AA16 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vccc ....................................................................... 7.0V 

All inputs and outputs w.r.t. Vss ....... ·0.6V to Vee+ 1.0V 

Storage temperature .......................... -65°C to + 150°C 

Ambient temp. with power applied ..... -65°C to + 125°C 

Soldering temperature of leads (10 seconds) .. +300°C 

ESD protection on all pins ...................................... ~ 4 kV 

*Notice: Stresses above those listed under "Maximum ratings' 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Symbol Min 

WP, SCL and SDA pins: 
High level input voltage VIH .?Vee 

Low level input voltage VIL -

Hysteresis of Schmitt trigger inputs VHYS .05 Vee 

Low level output voltage VOL -

Input leakage current ILi -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs 

Operating current Ice Write -
-

Ice Read -
-

Standby current Ices -
-
-

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Glock 

WP Write Protect Input 

Vee + 1.BV to 5.5V Power Supply 

AO,A1,A2 No Internal Connection 

Vee = 1.BV to +5.5V 
Commercial (C): Tamb = 0°C to +70°C 

Typ Max Units Conditions 

- v 
.3 Vee v 

- v Note 1 

.40 v loL= 3.0 mA, Vee= 1.BV 

10 µA V1N = .1V to Vee 

10 µA Vour= .1Vto Vee 

10 pF VCC= 5.0V (Note 1) 
Tamb = 25°C, FcLK = 1 MHz 

- 3 mA Vee= 5.5V, SCL = 400 kHz 
.05 - mA Vee= 1.BV, SCL = 100 kHz 
- 1 mA Vee= 5.5V, SCL = 400 kHz 
.05 - mA Vee= 1.BV, SCL = 100 kHz 

- 100 µA Vee= 5.5V, SDA=SCL=Vee 
- 30 µA Vee= 3.0V, SDA=SCL=Vcc 
3 - µA VCC= 1.BV, SDA=SCL=Vcc 

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

FIGURE 1-1: BUS TIMING START/STOP 
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24AA16 

TABLE 1-3: AC CHARACTERISTICS 

STANDARD Vee= 4.5-5.5V 

Parameter Symbol MODE FAST MODE Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL nse time TR - iOOO - 300 llS Note 2 

SDA and SCL fall time TF - 300 - 300 ns Note 2 

START condition hold THD:STA 4000 - 600 - ns After this period the first 
time clock pulse is generated 

START condition setup Tsu:sTA 4700 - 600 - ns Only relevant for repeated 
time START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup Tsu:sro 4000 - 600 - ns 
time 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from V1H TOF - 250 20 +0.1 250 ns Note 2, Cs $100 pF 
min to V1L max Cs 

Input filter spike suppres- TSP N/A N/A 0 50 ns Note3 
sion (SDA and SCL pins) 

Write cycle time TWR - 10 - 10 ms Byte or Page mode 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions 

Note 2: Not 100% tested. Cs= total capacitance of one bus line in pF. 
Note 3: The combined TsP and VHvs =specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a T1 specification for standard operation. 

FIGURE 1-2: BUS TIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 
The 24AA16 supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be con
trolled by a master device which generates the serial 
clock (SCL), controls the bus access, and generates 
the START and STOP conditions, while the 24AA16 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device deter
mines which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line mustremain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP c9ndition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1 ). 

3.1 Bus not Busy CA) 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 

A control byte is the first byte received following the 
start condition from the master device. The control 
byte consists of a four bit control code, for the 24AA 16 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the block 
select bits (B2, B1, BO). They are used by the master 
device to select which of the eight 256 word blocks of 
memory are to be accessed. These bits are in effect 
the thiee most significar.t bits of the word addrsc:;. !t 
should be noted that the protocol limits the size of the 
memory to eight blocks of 256 words, therefore the pro
tocol can support only one 24AA16 per system. 

The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24AA16 monitors the 
SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the RiW bit, the 24AA16 will select a read 
or write operation. 

Operation 
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5.0 WRITE OPERATION 

5.1 BvteWrite 

Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
RiW bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit
ted bv the master is the word address and will be writ
ten into the address pointer of the 24AA16. After 
receiving another acknowledge signal from the 
24AA 16 the master device will transmit the data word 
to be written into the addressed memory location. The 
24AA 16 acknowledges again and the master gener
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24AA 16 will not generate 
acknowledge signals (see Figure 5-1). 

5.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24AA16 in the same way as 
in a byte write. But instead of generating a stop condi
tion the master transmits up to sixteen data bytes to the 
24AA 16 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than six
teen words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the by1e write 
operation, once the stop condition is received an inter
nal write cycle will begin (see Figure 8-1). 
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6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6-1: ACKNOWLEDGE POLLING 
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7.0 WRITE PROTECTION 
The 24AA 16 can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

8.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the RiW bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran
dom read, and sequential read. 

8.1 Current Address Read 

The 24AA 16 contains an address counter that main
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with RIW bit set to one, the 24AA 16 issues an acknowl
edge and transmits the eight bit data. word. The master 
will not acknowledge the transfer but does generate a 
stop condition and the 24AA16 discontinues transmis
sion (see Figure 8-2). 

8.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA 16 as part of a write operation. Alter the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the RIW bit set to a one. The 24AA16 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA 16 dis
continues transmission (see Figure 8-3). 
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FIGURE 8-2: CURRENT ADDRESS READ 
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8.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24AA 16 transmits the 
first data bY1e, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA 16 to transmit the next sequentially 
addressed 8 bit word (see Figure 9-1 ). 

To provide sequential reads the 24AA16 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

8.4 Noise Protection 

The 24AA 16 employs a Vee threshold detector circuit 
which disables the internal erase/write logic if the Vee 
is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 9·1: SEQUENTIAL READ 
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9.0 PIN DESCRIPTIONS 

9.1 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 1 OKQ tor 100 kHz, 1 Kn for 400 
kHz) from 24LC04B/08B. 

For normal data transfer $DA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved tor indicating the START and STOP condi
tions. 

9.2 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.3 WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled 
(read/write the entire memory). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read opera
tions are not affected. 

This feature allows the user to use the 24AA16 as a 
serial ROM when WP is enabled (tied to Vee). 

9.4 AO. A 1. A2 

These pins are not used by the 24AA 16. They may be 
left floating or tied to either Vss or Vee. 
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24AA 16 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24AA16 - IP 

~Paokag., 
I Temperature 

Range: 

'-------------1 Device: 

Sales and Support 

P = Plastic DIP (300 mil Body), 8-lead 
SL = Plastic SOIC (150 mil Body), 14-lead 
SN = Plastic SOIC (150 mil Body), 8-lead 

Blank = O'C to +70'C 

24AA 16 1.8V, 16K CMOS Serial EE PROM 
24AA 16T 1.8V, 16K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature#) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345or1-602-786-7302. 
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MICROCHIP 24AA164 
16K 1.SV Cascadable CMOS Serial EEPROM 

FEATURES 

• Slng!e supp!y '."J!!h 0per3.tior! dowr! to 1.8\J 
• Low power CMOS technology 

1 mA active current typical 

- 10 µA standby current typical at 5.5V 

- 5 µA standby current typical at 3.0V 

• Organized as 8 blocks of 256 bytes (8 x 256 x 8) 

• Two wire serial interface bus, J2C™ compatible 

• Functional address inputs for cascading up to 8 
devices 

• Schmitt trigger, filtered inputs for noise suppres-
sion 

• Output slope control to eliminate ground bounce 

• 100 kHz (1.8V) and 400 kHz (5V) compatibility 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer for up to 16 bytes 

• 2 ms typical write cycle time for page-write 

• Hardware write protect for entire memory 

• Can be operated as a serial ROM 

• Factory programming (OTP) available 

• ESD protection > 4,000V 

• 10,000,000 ERASE/WRITE cycles guaranteed 
• Data retention > 40 years 

• 8 pin DIP, 8-lead SOIC packages 

• Available for commercial temperature range 

- Commercial: 0°C to +70°C 

DESCRIPTION 

The Microchip Technology Inc. 24AA164 is a cascad
able 16K bit Electrically Erasable PROM. The device 
is organized as 8 blocks of 256 x 8 bit memory with a 
two wire serial interface. Low voltage design permits 
operation down to 1.8 volts (end-of-life voltage for most 
popular battery technologies) with standby and active 
currents of only 5 µA and 1 mA respectively. The 
24AA 164 also has a page-write capability for up to 16 
bytes of data. The 24AA 164 is available in the standard 
8-pin DIP and 8-lead surface mount SOIC packages. 

The three select pins, AO, A 1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system 
EEPROM. 

12C is a trademark of Philips Corporation 

PACKAGE TYPE 
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24AA164 

1.0 ELECmlCAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vcc ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss ....... -0.3V to Vee +t.OV 

Storage temperature ... , ...................... -s5·c to +15o·c 

Ambient temp. with power applied ..... -s5·c to +125'C 

Soldering temperature of leads (1 o seconds) .. +3oo·c 

ESD protection on all pins ...................................... ~ 4 kV 

'Notice: Stresses above those listed under "Maximum ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Symbol 

WP, SCL and SDA pins: 
High level input voltage VIH 

Low level input voltage VIL 

Hysteresis of Schmitt trigger inputs VHYS 

Low level output voltage VOL 

Input leakage current ILi 

Output leakage current ILO 

Internal capacitance CINT 
(all inputs/outputs) 

Operating current Ice Write 
Ice Read 

Standby current Ices 

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee + 1.8V to 5.5V Power Supply 

AO,A1,A2 Chip Address Inputs 

Vee= 1.8V to +5.5V 
Commercial (C): Tamb = o·c to +1o·c 

Min Max Units Conditions 

.7Vcc - v 
- .3Vcc v 

.05 Vee - v Note 1 

- .40 v IOL= 3.0 mA, VCC= 2.5V 

-10 10 µA VIN= .1V to Vee 

-10 10 µA VOUT= .1Vto Vee 

- 10 pF Vee= 5.0V (Note 1) 
Tamb = 25'C, FCLK= 1 MHz 

- 3 mA Vee= 5.5V, SCL = 400 kHz 
- 1 mA 

- 30 µA Vee= 3.0V, SDA=SCL=Vcc 
- 100 µA Vee= 5.5V, SDA=SCL=Vcc 

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

FIGURE 1-1: BUS TIMING START/STOP 
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24AA164 

TABLE 1-3: AC CHARACTERISTICS 

STANDARD Vee= 4.5-5.5V 

Parameter Symbol 
MODE FAST MODE 

Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note 2 

SDA and SCL fall time TF - 300 - 300 ns Note 2 

START condition hold THD:STA 4000 - 600 - ns After this period the first 
time clock pulse is generated 

START condition setup Tsu:sTA 4700 - 600 - ns Only relevant for repeated 
time START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time Tsu:oAT 250 - 100 - ns 

STOP condition setup Tsu:STO 4000 - 600 - ns 
time 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from V1H TOF - 250 - 250 ns Note 2, CB~ 100 pF 
min to V1L max 

Input filter spike suppres- TSP N/A N/A 0 50 ns Note3 
sion (SDA and SCL pins) 

Write cycle time TWA - 10 - 10 ms Byte or Page mode 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. Cs =total capacitance of one bus line in pF. 
Note 3: The combined TsP and VHvs =specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a T1 specification for standard operation. 

FIGURE 1-2: BUS TIMING DATA 

SDA -
N 

SDA 
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24AA164 

~.o FUNCTIONAL DESCRIPTION 
The 24AA 164 supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as tecejver. The . bus ha~ to be con
trolled by a master device which generates the serial 
clock (SCL), controls the bus access, and generates 
the START and STOP conditions, while the 24AA164 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device deter
mines which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever !he clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1). 

3.1 Bus not Busy <Al 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer <Bl 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stoo Data Transfer CCl 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid <Dl 

The state of the data line represents valid data when, 
alter a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

Th'! data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. · 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out lash ion. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end 
of data to the slave by not generating an acknowledge 
bit on the last byte that has been clocked out of the 
slave. In this case, the slave (24AA164) will leave the 
data line. HIGH to enable the master to generate the 
STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 

A control byte is the first byte received following the 
start condition from the master device. The first bit is 
always a one. The next three bits of the control byte 
are the device select bits (A2, A1, AO). They are used 
to select which of the eight devices are to be accessed. 
The A 1 bit must be the inverse of the A 1 device select 
pin. 

Thtt .-1ttAL thrett Uit:s ui u-.tt coritroi byte c:irtt thtt biuck 
select bits (B2, B1, BO). They are used by the master 
device to select which of the eight 256 word blocks of 
memory are to be accessed. These bits are in effect 
the three most significant bits of the word address. 

The last bit of the control byte defines the operation to 
be perfonned. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24AA 164 looks for the 
slave address for the device selected. Depending on 
the state of the RiW bit, the 24AA 164 will select a read 
or write operation. 

Operation Control Code Block Select RiW 

Read 1 A2 A1 AO Block Address 

Write 1 A2 A1 AO Block Address 

FIGURE 4-1: CONTROL BYTE 
ALLOCATION 

START READ/WRITE 

I 

I 
I 

(1 IA2 A1 AO B2 

MSB LSB 

FIGURE 5-1: BYTE WRITE 
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24AA164 

5.0 WRITE OPERATION 

5.1 BvteWrite 

Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
RiW bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low after ii has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit
ted by the master is the word address and will be writ

ten into the address pointer of the 24AA164. After 
receiving another acknowledge signal from the 
24AA 164 the master device will transmit the data word 
to be written into the addressed memory location. The 
24AA164 acknowledges again and the master gener
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24AA164 will not gener
ate acknowledge signals (see Figure 5-1 ). 

5.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24AA 164 in the same way 
as in a byte write. But instead of generating a stop con
dition the master transmits up to sixteen data bytes to 
the 24AA164 which are temporarily stored in the on
chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than six
teen words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin (see Figure 8-1). 
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24AA164 

6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
1:9mplete. (this fe.atur• can be !,IS~ tQ m~imize bu. 
tt'lroughput). OAce . .-.. itQlt ~ l\lt a wrihl oom
mand has been Issued from the master, the device ini· 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6·1 for flow dia· 
gram. 

FIGURE 6·1: ACKNOWLEDGE POLLING 
FLOW 
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Write Command 

Send Stop 
Condition to 
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FIGURE 8· 1: PAGE WRITE 
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7.0 WRITE PROTECTION 
The 24AA164 can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

8.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran
dom read, and sequential read. 

8.1 Current Address Read 

The 24AA164 contains an address counter that main· 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24AA164 issues an 
acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24AA164 discontin
ues transmission (see Figure 9-1). 

8.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA164 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24AA164 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA164 dis
continues transmission (see Figure 9·2). 
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8.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24AA 164 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA 164 to transmit the next sequentially 
addressed 8 bit word (see Figure 9-3). 

To provide sequential reads the 24AA164 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 

read during one operation. 

8.4 Noise Protection 

The 24AA 164 employs a Vee threshold detector circuit 
which disables the internal erase/write logic if the Vee 
is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

24AA164 

9.0 PIN DESCRIPTIONS 

9.1 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull up 
resistor to Vee (typical 10Kn for 100 kHz, 1Knfor400 
kHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
;eseived fur lndlcatir.g thG STARi aiid STOP cviidi 4 

lions. 

9.2 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.3 WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled 
(read/write the entire memory 000-?FF). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read opera
tions are not affected. 

This feature allows the user to use the 24AA164 as a 
serial ROM when WP is enabled (tied to Vee). 

9.4 AO. A1. A2 

These pins are used to configure the proper chip 
address in multiple-chip applications (more than one 
24AA164 on the same bus). The levels on these pins 
are compared to the corresponding bits in the slave 
address. The chip is selected if the compare is true. 

Up to eight 24AA 164s may be connected to the same 
bus. These pins must be connected to either Vss or 
Vee. 
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FIGURE 9-1: CURRENT ADDRESS READ 
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NOTES 

• 
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24AA164 

24AA 164 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24AA164 ----.--., 

I Temperature 
Range: 

~----------1J Device: 

Sales and Support 

P = Plastic DIP (300 mil Body), 8-lead 
SN = Plastic SOIC (150 mil Body), 8-lead 

Blank = 0°C to +70°C 

24AA164 
24AA164T 

16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board. via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature#} you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 24AA32 
32K 1.8V CMOS Serial EEPROM 

FEATURES 

• Voltage operating range: 1.SV to 6.0V 
- Peak write current 3 mA at 6.0V 
- Maximum read current 150 µA at 6.0V 
- Standby current 1 µA typical 

• Industry standard two-wire bus protocol, 12CTM 
compatible 
- Including 100 kHz (1.SV) and 400 kHz (5V) 

modes 
• Self-timed ERASE and WRITE cycles 
• Power on/off data protection circuitry 
• Endurance: 

- 10,000,000 ERASE/WRITE (E/W) cycles 
guaranteed for High Endurance Block 

- 100,000 E/W cycles guaranteed for Stan
dard Endurance Block 

• 8 byte page, or byte modes available 
• 1 page x 8 line input cache (64 bytes) for fast 

write loads 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 2 ms typical write cycle time, byte or page 
• Factory programming (OTP) available 
• Up to 8 devices may be connected to the same 

bus for up to 256K bits total memory 
• Electrostatic discharge protection > 4000V 
• Data retention > 40 years 
• 8-pin PDIP/SOIC packages 
• Temperature ranges: 

- Commercial: o·c to +70"C 

DESCRIPTION 

The Microchip Technology Inc. 24AA32 is a 4K x 8 
(32K bit) Serial Electrically Erasable PROM capable of 
operation across a broad voltage range (1.8V to 6.0V). 
This device has been developed for advanced, low 
power applications such as personal communications 
or data acquisition. The 24AA32 features an input 
cache for fast write loads with a capacity of eight 8-byte 
pages, or 64 bytes. It also features a fixed 4K-bit block 
of ultra-high endurance memory for data that changes 
frequently. The 24AA32 is capable of both random and 
sequential reads up to the 32K boundary. Functional 
address lines allow up to 8 - 24AA32 devices on the 
same bus, for up to 256K bits address space. 
Advanced CMOS technology and broad voltage range 
make this device ideal for low-power/low voltage, non
volatile code and data applications. The 24AA32 is 
available in the standard 8-pin plastic DIP and 8-pin 
surface mount SOIC package. 
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24AA32 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maxjmu!ThRatings* 

Vcc ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss ..... -0.6V to Vee+ 1.0V 

Storage temperature .......................... -65°C to + 15o·c 

Ambient temp. with power applied ..... -65°C to + 125·c 

Soldering temperature of leads {10 seconds) .. +300°C 

ESD protection on all pins ...................................... ~ 4 kV 

*Notice: Stresses above those listed under "Maximum Ratings• 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specHication is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

TABLE 1-1: PIN FUNCTIONS 

Name Function 

AO .. A2 User Configurable Chip Selects 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

Vee + 1.SV to 6.0V Power Supply 

NC No Internal Connection 

Vee = + 1.SV to 6.0V 
Commercial (C): Tamb = o·c to +1o·c 
Industrial (I): Tamb = -40°C to +85°C 

Parameter Symbol Min Max Units Conditions 

AO, A 1, A2, SCL and SDA pins: 

High level input voltage VIH .7Vcc - v 

Low level input voltage VIL - .3Vcc v 

Hysteresis of Schmitt Trigger inputs VHYS .osvec - v Note 1 

Low level output voltage VOL - .40 v IOL=3.0mA 

Input leakage current ILi -10 10 µA VIN=.1VtoVee 

Output leakage current ILO -10 10 µA VOUT = .1V to Vee 

Internal capacitance CINT - 10 pF Vee = 5.0V Note 1 
{all inputs/outputs) Tamb = 25·c, Fclk = 1 MHz 

Operating current Ice Write - 3 mA Vee = 6.0V, SCL = 400 kHz 
Ice Read - 150 µA Vee = 6.0V, SCL = 400 kHz . 

Standby current Ices - 50 µA Vee = 5.0V, SCL = SDA =Vee 
Note 1 

2 µA Vee = 1.8V, SCL = SDA = Voe 
Note1 

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

FIGURE 1-1: BUS TIMING START/STOP 

VHYS 

SCL---..J 
THD:STA 

Tsu:sTA Tsu:sro 

START STOP 
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TABLE 1-3: AC CHARACTERISTICS 

VCF = 1.SV-6.0V V = 4.5-6.0V 

Parameter Symbol 
STD. MODE FAST MODE Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA a~d SCL rl:;c t1u.G Th ~QOC 3CC "~ ~Jotc ~ 

SDA and SCL fall time TF - 300 - 300 ns Note1 

START condition hold time THD:STA 4000 - 600 - ns After this period the first clock 
pulse is generated 

START condition setup TSU:STA 4700 - 600 - ns Only relevant for repeated START 
time condition 

Data input hold time THO: DAT 0 - 0 - ns 

Data input setup time Tsu: DAT 250 - 100 - ns 

STOP condition setup time Tsu:sTo 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 2 

Bus free time TSUF 4700 - 1300 - ns Time the bus must be free before 
a new transmission can start 

Output fall time from VIH TOF - 250 20 +0.1 250 ns Note 1, Cs$ 100 pF 
min to VIL max Cs 

Input filter spike suppres- TSP N/A N/A 0 50 ns Note 3 
sion (SDA and SCL pins) 

Write cycle time TWR - 5 - 5 ms/page Note 4 

Note 1: Not 100% tested. Cs= total capacitance of one bus line in pF. 
Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 

(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 
Note 4: The times shown are for a single page of 8 by1es. Multiply by the number of pages loaded into the write 

cache for total time. 

FIGURE 1-2: BUS TIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 
The 24AA32 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends.data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA32 works 
as slave. Both master and slave can operate as trans· 
milter or receiver but the master device determines 
which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (See Figure 3· 1 ). 

3.1 Bus not Busy (A) 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi· 
lion. 

3.3 Stop Data Transfer CC) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 

A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur· 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24AA32) will leave the data line HIGH 
to enable the master to generate the STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL --+----1---. 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 
(Figure 4-1) 

A control byte is the first byte received following the 
start condition from the master device. The control 
byte consists of a four bit control code; for the 24AA32 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the device 
select bits (A2, A 1, AO). They are used by the master 
device to select which of the eight devices are to be 
accessed. These bits are in effect the three most sig
nificant bits of the word address. The last bit of the con
trol byte defines the operation to be performed. When 
set to a one a read operation is selected, and when set 
to a zero a write operation is selected. The next two 
bytes received define the address of the first data byte 
(see Figure 4-2). Because only A11 ... AO are used, the 
upper four address bits must be zeros. The most sig
nificant bit of the most significant byte of the address is 
transferred first. 

FIGURE 4-1: 

I 

START 

/ 

I 
I 

I 

0 

CONTROL BYTE ALLOCATION 

READ/WRITE 

'-.... 

0 A2 

24AA32 

Following the start condition, the 24AA32 monitors the 
SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri
ate device select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on 
the state of the RiW bit, the 24AA32 will select a read 
or write operation. 

Operation 
Control 

Device Select RiW 
Code 

Read 1010 Device Address 1 

Write 1010 I Device Address I 0 

FIGURE 4-2: ADDRESS SEQUENCE BIT ASSIGNMENTS 

Control Byte Address Byte 1 Address Byte 0 

l~l·l·l·l·l·l·l~I 
Slave Device 

Address Select 
Bits 
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5.0 

5.1 

WRITE OPERATION 

Split Endurance 

The 24AA32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 10,000,000 E/W cycles guaranteed. The 
remainder of the array, 28K bits, is rated at 100,000 
E/W cycles guaranteed. This feature is helpful in appli
cations in which some data change frequently, while a 
majority of the data change infrequently. One example 
would be a cellular telephone in which last-number 
redial and microcontroller scratch pad require a 
high-endurance block, while speed dials and lookup 
tables change infrequently and so require only a stan
dard endurance rating. 

5.2 Bvte Write 

Following the start condition from the master, the con
trol code (four bits), the device select (three bits). and 
the RJW bit which is a logic low are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that a byte with a word 
address will follow after it has generated an acknowl
edge bit during the ninth clock cycle. Therefore the 
next byte transmitted by the master is the high-order 
byte of the word address and will be written into the 
address pointer of the 24AA32. The next byte is the 
least significant address byte. After receiving another 
acknowledge signal from the 24AA32 the master 
device will transmit the data word to be written into the 
addressed memory location. 

FIGURE 5-1: BYTE WRITE 

Bus Activity: 
Master 

s 
t 
a 
r Control Word 

Address (1) 

The 24AA32 acknowledges again and the master gen
erates a stop condition. This initiates the internal write 
cycle, and during this time the 24AA32 will not generate 
acknowledge signals (see Figure 5-1). 

5.3 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24AA32 in the same way as 
in a byte write. But instead of generating a stop condi
tion, the master transmits up to eight pages of eight 
data bytes each (64 bytes total) which are temporarily 
stored in the on-chip page cache of the 24AA32. They 
will be written from cache into the EEPROM array after 
the master has transmitted a stop condition. After the 
receipt of each word, the six lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remain 
constant. If. the master should transmit more than eight 
bytes prior to generating the stop condition (writing 
across a page boundary), the address counter (lower 
three bits) will roll over and the pointer will be incre
mented to point to the next line in the cache. This can 
continue to occur up to eight times or until the cache is 
full, at which time a stop condition should be generated 
by the master. If a stop condition is not received, the 
cache pointer will roll over to the first line (byte 0) of the 
cache, and any further data received will overwrite pre
viously captured data. The stop condition can be sent 
at any time during the transfer. As with the byte write 
operation, once a stop condition is received, an internal 
write cycle will begin. The 64-byte cache will continue 
to capture data until a stop condition occurs or the 
operation is aborted (see Figure 5-2). 
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FIGURE 5-2: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 8-1) 
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6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be' initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). II the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 
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Write Command 
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FIGURE 7-1: CURRENT ADDRESS READ 
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24AA32 

7.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the R!W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 

7.1 Current Address Read 

The 24AA32 contains an address counter that main
tains the address of the last word accessed, internally 
:ncramgr.tad by ~r.G. Tho:-efc.:-e, i~ the previcus access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read oper
ation would access data from address n + 1. Upon 
receipt of the slave address with R!W bit set to one, the 
24AA32 issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24AA32 discontinues transmission (see Figure 7-1). 

7.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To pertorm 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA32 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con
trol byte again but with the R!W bit set to a one. The 
24AA32 will then issue an acknowledge and transmit 
the eight bit data word. The master will not acknowl
edge the transfer but does generate a stop condition 
which causes the 24AA32 to discontinue transmission 
(see Figure 7-2). 
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7.3 Contiguous Addressing Across 
Multiple Devices 

The device select bits A2, A 1, AO can be used to 
expand the contiguous address space for up to 256K 
bits by adding up to eight 24AA32's on the same bus. 
In this case, software can use AO of the control bvte as 
address bit A12, A1 as address bit A13, and A2 as 
address bit A 14. 

7.4 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24AA32 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24AA32 to transmit the 
next sequentially addressed 8 bit word (see 
Figure 7-3). Following the final byte transmitted to the 
master, the master will NOT generate an acknowledge 
but will generate a stop condition. 

FIGURE 7-2: RANDOM READ 

To provide sequential reads the 24AA32 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The address pointer, however, 
will not roll over from address O?FF to address 0000. It 
will roll from 07FF to unused memory space. 

7.5 Noise Protection 

The SCL and SDA inputs have filter circuits which sup
press noise spikes to ensure proper device operation 
even on a noisy bus. All 1/0 lines incorporate Schmitt 
triggers for 400 kHz (Fast Mode) compatibility. 
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7.6 PAGE CACHE AND ARRAY MAPPING 

The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 
g!ver!. MaxJrn1Jm r::y<::IA timA for ABr:h page is 5 ms_ 

Even if a page is only partially loaded, it will still require 
the same cycle time as a full page. If more than 64 
bytes of data are loaded before the stop bit is given, the 
address pointer will 'wrap around' to the beginning of 
cache page 0 and existing bytes in the cache will be 
overwritten. The device will not respond to any com
mands while the write cycle is in progress. 

7.7 Cache Write Starting at a Page 
Boundary 

If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, (see 
Figure 5-2) a write command is initiated starting at byte 
O of page 3 with a fully loaded cache (64 bytes). The 
first byte in the cache is written to byte O of page 3 (of 
the array), with the remaining pages in the cache writ
ten to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 

7.8 Cache Write Starting at a Non-Page 
Boundary 

When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, 
the first byte loaded into the cache is always loaded 
into page 0. The byte within page 0 of the cache where 
the load begins is determined by the three least signif
icant address bits (A2, A 1, AO) that were sent as part of 
the write command. If the write command does not 
start at byte 0 of a page and the cache is fully loaded, 
then the last byte(s) loaded into the cache will roll 
around to page O of the cache and fill the remaining 
empty bytes. If more than 64 bytes of data are loaded 
into the cache, data already loaded will be overwritten. 
In the example shown in Figure 8-2, a write command 
has been initiated starting at byte 2 of page 3 in the 
array with a fully loaded cache of 64 bytes. Since the 
cache started loading at byte 2, the last two bytes 
loaded into the cache will 'roll over' and be loaded into 

24AA32 

the first two bytes of page 0 (of the cache). When the 
stop bit is sent, page 0 of the cache is written to page 3 
of the array. The remaining pages in the cache are 
then loaded sequentially to the array. A write cycle is 
executed after each page is written. If a partially 
loaded page in the cache remains when the STOP bit 
is sent, only the bytes that have been loaded will be 
written to the array. 

7.9 Power Management 

This design incorporates a power standby mode when 
the device is not in use and automatically powers ott 
after the normal termination of any operation when a 
stop bit is received and all internal functions are com
plete. This includes any error conditions, ie. not receiv
ing an acknowledge or stop condition per the two-wire 
bus specification. The device also incorporates VDD 

monitor circuitry to prevent inadvertent writes (data cor
ruption) during low-voltage conditions. The VDD moni
tor circuitry is powered off when the device is in 
standby mode in order to further reduce power con
sumption. 

8.0 PIN DESCRIPTIONS 

8.1 AO. A 1. A2 Chip Address Inputs 

The AO .. A2 inputs are used by the 24AA32 for multiple 
device operation and conform to the two-wire bus stan
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A 1, AO) in the control byte (see 
Figure 4-2). 

8.2 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull up 
resistor to Vee (typical 10Kn for 100 kHz, 1 Kn for 400 
kHz) 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

8.3 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 8-1: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 

CD Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. ® 64 bytes of data are loaded into cache. 

i cache page O 

cache 
byte o 

cache 
byte 1 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

@ Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. © Remaining pages in cache are written 

to sequential pages in array. Write cycle is executed after every page is written. 

lllllfllllllllllllarray row n 
page 4 • • • page 7 array row n + 1 

® Last page in cache written to page 2 in next row. 

FIGURE 8-2: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 

Last 2 bytes 
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@ 

G) Write command initiated; 64 bytes of data 
loaded into cache starting at byte 2 of page 0. 

@ Last 2 bytes loaded 'roll over' 
to beginning. 

t 
cache 
byte 2 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

@) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. @ Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 

~ 

r~p~aigie~O~p~a~gie~1~p~a~g~e~2~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~\16~~ page 3 page 4 • • • page 7 fJ~Y 
n+1 

® Last 3 pages in cache written to next row in array. 
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24AA32 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24AA32 - /P 

~Paokage' 

Sales and Support 

'

Temperature 
Range: 

i Device: 

p 
SN 

Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 8-lead 

Blank = O'C to +70'C 

24AA32 
24AA32T 

16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature#) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 24LC01 B/028 
1K/2K 2.SV CMOS Serial EEPROMs 

FEATURES 

• Single supply with 0pE1rl'ltio!l rlown to 2.SV 

• Low power CMOS technology 

1 mA active current typical 

- 1 O µA standby current typical at 5.5V 

- 5 µA standby current typical at 3.0V 

• Organized as a single block of 128 bytes (128 x 8) 
or 256 bytes (256 x 8) 

• Two wire serial interface bus, 12C™ compatible 

• 100kHz (2.5V) and 400kHz (5V) compatibility 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer for up to 8 bytes 

• 2 ms typical write cycle time for page-write 

• Hardware write protect for entire memory 

• Can be operated as a serial ROM 

• Factory programming (OTP) available 

• ESD protection > 3,000V 

• 10,000,000 ERASE/WRITE cycles guaranteed 
on 24LC01B 

• 1,000,000 E/W cycles guaranteed on 24LC02B* 

• Data retention > 40 years 

• 8 pin DIP or SOIC package 

• Available for extended temperature ranges 

- Commercial o·c to +70"C 

- Industrial: -4o·c to +85"C 

DESCRIPTION 

The Microchip Technology Inc. 24LC01Band24LC02B 
are 1 K bit and 2K bit Electrically Erasable PROMs. The 
devices are organized as a single block of 128 x 8 bit 
or 256 x 8 bit memory with a two wire serial interface. 
Low voltage design permits operation down to 2.5 volts 
with a standby and active currents of only 5 µA and 1 
mA respectively. The 24LC01 B and 24LC02B also 
have page-write capability for up to 8 bytes of data. 
The 24LC01 B and 24LC02B are available in the stan
dard 8-pin DIP and an 8-pin surface mount SOIC pack
age. 

*Future: 10,000,000 E/W cycles guaranteed. 

12C is a trademark of Phillips Corporation 

© 1995 Microchip Technology Inc. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

Maximum Ratings* 
Vcc ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss .... -0.6V to Vee+ 1.0V 

Storage temperature .......................... -65'C to + 150'C 

Ambient temp. with power applied ..... -65'C to +125'C 

Soldering temperature of leads (10 seconds) .. +300'C 

ESD protection on all pins ...................................... ~ 4 kV 

*NoUce: Stresses above those listed under "Maximum ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Vee= +2.5V to +5.5V 

Parameter Symbol Min. 

WP, SCL and SDA pins: VIH .?Vee 
High level input voltage 

Low level input voltage VIL 

Hysteresis of Schmidt trigger inputs VHYS .05Vee 

Low level output voltage VOL 

Input leakage current lu -10 

Output leakage current ILO -10 

Internal capacitance (all inputs/outputs) CINT -

Operating current ICC Write -
Ice Read -

Standby current Ices -

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee +2.5V to 5.5V Power Supply 

AO,A1,A2 No Internal Connection 

Commercial (C): Tamb = o·c to +1o·c 
Industrial (I): Tamb = -40'C to +85°C 

Max. Units Conditions 

v 

.3Vcc v 
- v Note 1 

.40 v loL = 3.0 mA, Vee= 2.5V 

10 µA VIN= .1Vto 5.5V 

10 µA VOUT= .1Vto 5.5V 

10 pF Vee= 5.0V (Note 1) 
Tamb = 25'C, FCLK = 1 MHz 

3 mA Vee = 5.5V, SCL = 400 kHz 

1 mA 

30 µA Vee= 3.0V, SDA = SCL = Vee 

100 µA Vee= 5.5V, SDA = SCL = Vee 

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

FIGURE 1-1: BUS TIMING START/STOP 

SCL----

I 
I 
I 
I 
I 

Tsu:STA .--. 
I 

SDA -----...,...'"" 

START 
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TABLE 1-3: AC CHARACTERISTICS 

STANDARD Vee= 4.5 - 5.5V 

Parameter Symbol MODE FAST MODE Units Remarks 

Min. Max. Min. Max. 

Clock frequency fCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ms Nuie2 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time Tsu:sTA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns Note 1 

Data input setup time Tsu:oAT 250 - 100 - ns 

STOP condition setup time Tsu:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH TOF - 250 20 +0.1 250 ns Note 2, CB~ 100 pf 
minimum to VIL maximum CB 

Input filter spike suppression TSP NIA N/A 0 50 ns Note3 
(SDAand SCL pins) 

Write cycle time TWA - 10 - 10 ms Byte or Page mode 

Note 1 : As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB= total capacitance of one bus line in pf. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise spike suppression. This eliminates the need for a Tl specification for standard operation. 

FIGURE 1-2: BUS TIMING DATA 

SDA ..-. 
N 
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~ 

........ 1 HD:STA 
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2.0 FUNCTIONAL DESCRIPTION 
The 24LC01 B/028 supports a bidirectional two wire 
bus and data transmission protocol. A device that 
sends data onto the bus is defined as transmitter, and 
a device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener
ates the START and STOP conditions, while the 
24LC01 B/028 works as slave. Both master and slave 
can operate as transmitter or receiver but the master 
device determines which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3·1). 

3.1 Bus not Busy CAl 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer CBl 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer CCl 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 · Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the rnaster device 
and is theoretically unlimited, although only the last six
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 

SCL -----~ 

SDA 

START CONDITION 
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4.0 BUS CHARACTERISTICS 

4.1 Slave Address 

The 24LC01 B/02B are software-compatible with older 
devices such as 24C01 A, 24C02A, 24LC01, and 
24LC02. A single 24LC02B can be used in place of two 
24LC01's, for example, without any modifications to 
software. The "chip select" portion of the control byte 
becomes a don't care. 

After generating a START condition, the bus master 
iram:11r1ii::; the ~iave address GVTislsting vf & 4-bit davic6 
code (1010) for the 24LC01 B/02B, followed by three 
don't care bits. 

The eighth bit of slave address determines if the master 
device wants to read or write to the 24LC01 B/02B (see 
Figure 4-1 ). 

The 24LC01 B/02B monitors the bus for its correspond
ing slave address all the time. It generates an acknowl
edge bit if the slave address was true and it is not in a 
programming mode. 

Operation 
Control Chip 
Code Select 

Read 1010 xxx 
Write 1010 xxx 

FIGURE 4-1: CONTROL BYTE 
ALLOCATION 

RIW 

1 

0 

START READ/WRITE 

/ 
I s:LAV~ AD9RES:s 

I 
I 

I 
I 

f 
1 I 0 0 x 

X = don't care 

FIGURE 5-1: BYTE WRITE 

s 
T 
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T 
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BUS ACTIVITY: 
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5.0 WRITE OPERATION 

5.1 Byte Write 

Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the R/W 
bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit
ted by the master is the word address and will be writ
ten into the address pointer of the 24LC01 B/02B. After 
receiving another acknowledge signal from the 
24LC01 B/02B the master device will transmit the data 
word to be written into the addressed memory location. 
The 24LC01 B/02B acknowledges again and the mas
ter generates a stop condition. This initiates the inter
nal write cycle, and during this time the 24LC01 B/02B 
will not generate acknowledge signals (see Figure 5-
1 ). 

5.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC01 B/02B in the same 
way as in a byte write. But instead of generating a stop 
condition the master transmits up to eight data bytes to 
the 24LC01 B/02B which are temporarily stored in the 
on-chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the three lower order address 
pointer bits are internally incremented by one. The 
higher order five bits of the word address remains con
stant. If the master should transmit more than eight 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin (see Figure 8-1). 

WORD 
ADDRESS 

A 
c 
K 

DATA 

A 
c 
K 

s 
T 
0 
p 
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6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 

Send Start 

Send Control Byte 
with RfW= O 

Next 
Operation 

FIGURE 8-1: PAGE WRITE 

s 
T 

BUS ACTIVITY: A 
MASTER R 

T 

CONTROL 
BYTE 

WORD 
ADDRESS (n) 

7.0 WRITE PROTECTION 
The 24LC01 B/028 can be used as a serial ROM when 
the WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

8.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the RiW bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 

8.1 Current Address Read 

The 24LC01 8/028 contains an address counter that 
maintains the address of the last word accessed, inter
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to 
address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with RiW bit set to one, the 
24LC01 B/028 issues an acknowledge and transmits 
the eight bit data word. The master will not acknowl
edge the transfer but does generate a stop condition 
and the 24LC018/029 discontinues transmission (see 
Figure 8-2). 

8.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC018/028 as part of a write operation. After the 
word address is sent, the master generates a start con
dition following the acknowledge. This terminates the 
write operation, but not before the internal address 
pointer is set. Then the master issues the control byte 
again but with the RiW bit set to a one. The 24LC01 Bl 
028 will then issue an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24LC018/028 discontinues transmission (see 
Figure 8-3). 
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FIGURE 8-2: CURRENT ADDRESS READ 
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MASTER 
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FIGURE 8-3: RANDOM READ 
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MASTER 
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BUS ACTIVITY: 
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8.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24LC01 B/02B transmits 
the first data byte, the master issues an acknowledge 
as opposed to a stop condition in a random read. This 
directs the 24LC01 B/02B to transmit the next sequen
tially addressed 8 bit word (see Figure 9-1 ). 

To provide sequential reads the 24LC01 B/02B contains 
an internal address pointer which is incremented by 
one at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 

8.4 Noise Protection 

The 24LC01 B/02B employs a Vee threshold detector 
circuit which disables the internal erase/write logic if 
the Vee is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 9-1: SEQUENTIAL READ 

9.0 PIN DESCRIPTIONS 

9.1 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vee (typical i OKn for 100 kHz, 1Knfor400 
kHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

9.2 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.3 WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled 
(read/write the entire memory). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read opera
tions are not affected. 

This feature allows the user to use the 24LC01 B/02B 
as a serial ROM when WP is enabled (tied to Vee). 

9.4 AO. A1. A2 

These pins are not used by the 24LC01 B/028. They 
may be left floating or tied to either Vss or Vee. 

s 
A A A T 

BUS ACTIVITY: CONTROL ~ CK CK ~ 
MASTER BYTE 

SDA LINE :~~n 1 : I : : : : : 11 : : : : : : : 1 ~1 : ~i : :~: :~: 1 C], 1 : : : : : : : 1 a 
BUS ACTIVITY: 
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24LC01 B/028 Product Identification System 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

Sales and Support 

I Temperature 
Ran9e; 

1Dwl~ 

P Plastic DIP (300 mil Body), 8-lead 
SN Plastic SOIC (150 mil Body) 
SM Plastic SOIC (207 mil Body) 

Blank = 0°C to +70°C 
I = -40°C to +85°C 

24LC01B 
24LC01BT 

24LC02B 
24LC02BT 

1 K CMOS Serial EEPROM 
1 K CMOS Serial EEPROM (Tape and Reel) 
2K CMOS Serial EEPROM 
2K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended w0rkarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.$. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT requirec). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For lat~st version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345or1-602-786-7302. 
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MICROCHIP 24LC04B/08B 
4K/8K 2.SV CMOS Serial EEPROMs 

FEATURES PACKAGE TYPE 

• .S!~g!e supp!y wlth operat!on dow~ t0 25V I DIP CJ 

• Low power CMOS technology AO 8 Vee 
cc 

- 1 mA active current typical A1 2 ~ 7 WP 
- 10 µA standby current typical at 5.5V cc 

"'" - 5 µA standby current typical at 3.0V A2 3 0 6 SCL (.) 

• Organized as two or four blocks of 256 bytes ...J 

I "'" (2 x 256 x 8) and (4 x 256 x 8) Vss 4 N 5 SDA 

• Two wire serial interface bus, l'C™ compatible 

• Schmitt trigger, filtered inputs for noise suppres- 8-lead 

sion SOIC 
AO 8 Vee 

• Output slope control to eliminate ground bounce cc co 
• 100 kHz (2.5V) and 400 kHz (5V) compatibility A1 2 Q 7 WP cc 
• Self-timed write cycle (including auto-erase) (!; 
• Page-write buffer for up to 16 bytes A2 3 (.) 6 SCL 

...J 

• 2 ms typical write cycle time for page-write "'" 4 N 5 SDA Vss 
• Hardware write protect for entire memory 

• Can be operated as a serial ROM 
14-lead 
SOIC 

• Factory programming (QTP) available 14 NC 
• ESD protection > 4,000V 

NC 

• 1,000,000 ERASE/WRITE cycles guaranteed* AO 2 13 Vee 

• Data retention > 40 years A1 3 ~ 12 WP Q 
• 8-pin DIP, 8-lead or 14-lead SOIC packages 4 

cc 11 NC "'" NC 
• Available for extended temperature ranges 0 

(.) 

Commercial: O'Cto+70'C A2 5 ...J 10 SCL 
"'" N 

- Industrial: -40'C to +85'C Vss 6 SDA 

DESCRIPTION NC 7 8 NC 

The Microchip Technology Inc. 24LC04B/08B is a 4K-
or BK-bit Electrically Erasable PROM. The device is BLOCK DIAGRAM 
organized as two or four blocks of 256 x 8 bit memory 
with a two wire serial interface. Low voltage design WP HVGENERATOR 
permits operation down to 2.5 volts with standby and D 
active currents of only 5 µA and 1 mA respectively. The 

a:~~-' 24LC04B/08B also has a page-write capability for up to 
(2 x 256x 8) or 

16 bytes of data. The 24LC04B/08B is available in the 4X256X8 
standard 8-pin DIP and both 8-lead and 14-lead sur-

PAGE LATCHES 
face mount SOIC packages. D 

SDA SCL 
YDEC 

vee 0--- SENSE AMP 

vss 0--- RIWCONTROL 
*Future: 10,000,000 E/W cycles guaranteed 

l2C is a trademark of Philips Corporation 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vcc ............................................•........................... 7.0V 

All inputs and outputs w.r.t. Vss ... -0.3V to Vee+ 1.0V 

Storage temperature .......................... -65'C to +150'C 

Ambient temp. with power applied ..... -65'C to +125'C 

Soldering temperature of leads (10 seconds) .. +300'C 

ESD protection on all pins ...................................... ~ 4 kV 
'Notice: Stresses above those listed under "Maximum ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Symbol 

WP, SCL and SDA pins: 
High level input voltage VIH 
Low level input voltage VIL 
Hysteresis of Schmitt trigger VHYS 
inputs VOL 
Low level output voltage 

Input leakage current ILi 

Output leakage current ILO 

Internal capacitance CINT 
(all inputs/outputs) 

Operating current ICC WRITE 
Ice READ 

Standby current Ices 

Min 

.7 Vee 
-

.05 Vee 
-

-10 

-10 

-

-
-
-
-

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee +2.5V to 5.5V Power Supply 

AO,A1,A2 No Internal Connection 

Vee = +2.5V to +5.5V 
Commercial (C): Tamb = o·c to +70'C 
Industrial (I): Tamb = -40'C to +85'C 

Max Units 

- v 
.3 Vee v 

- v Note 1 
.40 v IOL = 3.0mA, Vee= 2.5V 

10 µA VIN= .1V to Vee 

10 µA VOUT = .1V to Vee 

10 pF Vee= 5.0V (Note 1) 
Tamb = 25'C, Fclk = 1 MHz 

3 mA Vee= 5.5V, SCL = 400 kHz 
1 mA 

30 µA Vee = 3.0V, SDA = SCL = Vee 
100 µA Vee= 5.5V, SDA = SCL = Vee 

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

FIGURE 1-1: BUS TIMING START/STOP 
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I 
I 
I 
I 
I 
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I 

SDA ------....--1 
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TABLE 1-3: AC CHARACTERISTICS 

STANDARD Vee = 4.5 - 5.5V 

Parameter Symbol 
MODE FAST MODE 

Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise iime TR - 1000 - ::iuu ns Note2 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first clock 
pulse is generated 

START condition setup time Tsu:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THO: DAT 0 - 0 - ns 

Data input setup time Tsu: DAT 250 - 100 - ns 

STOP condition setup time Tsu:srn 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission can 
start 

Output fall time from V1H min TOF - 250 20 +0.1 250 ns Note 2, CB 5100 pF 
to VIL max CB 

Input filter spike suppression TSP NIA NIA 0 50 ns Note3 
(SDA and SCL pins) 

Write cycle time TWR - 10 - 10 ms Byte or Page mode 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB = total capacitance of one bus line in pF. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

FIGURE 1-2: BUS TIMING DATA 

I HIGH 

I HD:DAT 
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24LC04B/08B 

2.0 FUNCTIONAL DESCRIPTION 
The 24LC04B/08B supports a bidirectional two wire 
bus ~nd data transmission protocol. A device that 
sends data onto the bus is defined as transmitter, and 
a device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener
ates the START and STOP conditions, while the 
24LC04B/08B works as slave. Both, master and slave 
can operate as transmitter or receiver but the master 
device determines which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1 ). 

3.1 Bus not Busy (A) 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stoo Data Transfer (Cl 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH detennines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration. of the HIGH period of the clock sighal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out lash ion. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must. be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 

A control byte is the first byte receiv'ed following the 
start condition from the master device. The control 
byte consists of a four bit control code, for the 
24LC04B/08B this is set as 1010 binary for read and 
write operations. The next three bits of the control byte 
are the block select bits (B2, B1, BO). B2 is a don't care 
for both the 24LC04B and 24LC08B; B 1 is a don't care 
for the 24LC04B. Thev are used by the master device 
to select which of the two or four 256 word blocks of 
memory are to be accessed. These bits are in effect 
the most significant bits of the word address. 

The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24LC04B/08B moni
tors the SDA bus checking the device type identifier 
being transmitted, upon a 1010 code the slave device 
outputs an acknowledge signal on the SDA line. 
Depending on the state of the R/W bit, the 24LC04B/ 
OSB will select a read or write operation. 

Operation 

Read 

Write 

FIGURE 4-1: 

I 

START 

/ 
I 

I 
I 

I 

Control 
Block Select 

Code 

1010 Block Address 

1010 Block Address 

CONTROL BYTE 
ALLOCATION 

RiW 

1 

0 

X =Don't care. B1 is don't care for 24LC04B. 

FIGURE 5-1: BYTE WRITE 
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5.0 WRITE OPERATION 

5.1 Byte Write 

Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit
ted by the master is the word C1ddress C1nrl will be writ

ten into the address pointer of the 24LC04B/08B. After 
receiving another acknowledge signal from the 
24LC04B/08B the master device will transmit the data 
word to be written into the addressed memory location. 
The 24LC04B/08B acknowledges again and the mas
ter generates a stop condition. This initiates the inter
nal write cycle, and during this time the 24LC04B/08B 
will not generate acknowledge signals (see Figure 5-
1 ). 

5.2 Page Write 

The write control byte, word address and the first·data 
byte are transmitted to the 24LC04B/08B in the same 
way as in a byte write. But instead of generating a stop 
condition the master transmits up to sixteen data bytes 
to the 24LC04B/08B which are temporarily stored in 
the on-chip page buffer and will be written into the 
memory after the master has transmitted a stop condi
tion. Alter the receipt of each word, the four lower order 
address pointer bits are internally incremented by one. 
The higher order seven bits of the word address 
remains constant. If the master should transmit more 
than sixteen words prior to generating the stop condi
tion, the address counter will roll over and the previ· 
ously received data will be overwritten. As with the byte 
write operation, once the stop condition is received an 
internal write cycle will begin (see Figure 8-1). 
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6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (RIW = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6·1: ACKNOWLEDGE POLLING 
FLOW 
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7.0 WRITE PROTECTION 
The 24LC04B/08B can be used as a serial ROM when 
the WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

8.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the R!W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran
dom read, and sequential read. 

8.1 Current Address Read 

The 24LC04B/08B contains an address counter that 
maintains the address of the last word accessed, inter
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to 
address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with RJW bit set to one, the 
24LC04B/08B issues an acknowledge and transmits 
the eight bit data word. The master will not acknowl
edge the transfer but does generate a stop condition 
and the 24LC04B/08B discontinues transmission (see 
Figure 8-2). 

8.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC04B/08B as part of a write operation. After the 
word address is sent, the master generates a start con
dition following the acknowledge. This terminates the 
write operation, but not before the internal address 
pointer is set. Then the master issues the control byte 
again but with the R!W bit set to a one. The 24LC04B/ 
088 will then issue an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24LC04B/08B discontinues transmission (see 
Figure 8-3). 
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FIGURE 8-2: CURRENT ADDRESS READ 
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8.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24LC04B/08B transmits 
the first data byte, the master issues an acknowledge 
as opposed to a stop condition in a random read. This 
directs the 24LC04B/08B to transmit the next sequen
tially addressed 8 bit word (see Figure 9-1). 

To provide sequential reads the 24LC04B/08B contains 
an internal address pointer which is incremented by 
one at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 

8.4 Noise Protection 

The 24LC04B/08B employs a Vee threshold detector 
circuit which disables the internal erase/write logic if 
the Vee is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 9-1: SEQUENTIAL READ 

9.0 PIN DESCRIPTIONS 

9.1 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 10Kn for 1 oo kHz, 1 Kn for 400 
kHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

9.2 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.3 WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled 
(read/write the entire memory). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read opera
tions are not affected. 

This feature allows the user to use the 24LC04B/08B 
as a serial ROM when WP is enabled (tied to Vee). 

9.4 AO.A1.A2 

These pins are not used by the 24LC04B/08B. They 
may be left floating or tied to either Vss or Vee. 
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NOTES 

• 
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24LC04B/08B Product Identification System 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24LC04B - IP 

~ Paokageo 

'--------1J Temperature 
l Range: 

'-----------1J Device: 

l 
Sales and Support 

P = Plastic DIP (300 mil Body), 8-lead 
SL = Plastic SOIC (150 mil Body), 14-lead 
SN = Plastic SOIC (150 mil Body), 8-lead 
SM = Plastic SOIC (207 mil Body), 8-lead 

Blank = 0°C to +70°C 
I = -40°C to +85°C 

24LC04B 
24LC04BT 

24LC04B 
24LC04BT 

4K CMOS Serial EEPROM 
4K CMOS Serial EEPROM (Tape and Reel) 
8K CMOS Serial EEPROM 
8K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature#) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 24LC16B 
16K 2.SV CMOS Serial EEPROM 

FEATURES 

• Single supply with operation down to 2.5V 

• Low power CMOS technology 

1 mA active current typical 

- 10 µA standby current typical at 5.5V 

- 5 µA standby current typical at 3.0V 

• Organized as 8 blocks of 256 bytes (8 x 256 x 8) 

• Two wire serial interface bus, 12C™ compatible 

• Schmitt trigger, filtered inputs for noise suppres-
sion 

• Output slope control to eliminate ground bounce 

• 100 kHz (2.5V) and 400 kHz (5V) compatibility 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer for up to 16 bytes 

• 2 ms typical write cycle time for page-write 

• Hardware write protect for entire memory 

• Can be operated as a serial ROM 

• Factory programming (QTP) available 

• ESD protection > 4,000V 

• 10,000,000 ERASE/WRITE cycles guaranteed 

• Data retention > 40 years 

• 8 pin DIP, 8-lead or 14-lead SOIC packages 

• Available for extended temperature ranges 

Commercial: o·c to +70°C 

- Industrial: -4o·c to +B5°C 

DESCRIPTION 

The Microchip Technology Inc. 24LC16B is a 16K bit 
Electrically Erasable PROM. The device is organized 
as 8 blocks of 256 x 8 bit memory with a two wire serial 
interlace. Low voltage design permits operation down 
to 2.5 volts with standby and active currents of only 5 
µA and 1 mA respectively. The 24LC16B also has a 
page-wr~e capability for up to 16 bytes of data. The 
24LC16B is available in the standard 8-pin DIP and 
both 8-lead and 14-lead surface mount SOIC pack
ages. 

12C is a trademark of Philips Corporation 

© 1995 Microchip Technology Inc. 
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24LC16B 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings• 

Vcc ........................................................................ 7.0V 

All inputs and outputs w.r.1. Vss .... -0.3V to Vee+ 1.0V 

Storage temperature .......................... -65'C to +150'C 

Ambient temp. with power applied ..... -65'C to +125'C 

Soldering temperature of leads (10 seconds) .. +300'C 

ESD protection on all pins ...................................... ~ 4 kV 

*Notice: Stresses above those listed under "Maximum ratings" 
may cause permanent damage to the device. This is a stress rat· 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Symbol 

WP, SCL and SDA pins: 

Min 

High level input voltage VIH .7 Vee 

Low level input voltage VIL -

Hysteresis of Schmitt trigger VHYS .05 Vee 
inputs 

Low level output voltage VOL -

Input leakage current Ill -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice write -
Ice read -

Standby current Ices -
-

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee +2.5V to 5.5V Power Supply 

AO,A1,A2 No Internal Connection 

Vee = +2.5V to +5.5V 
Commercial (C): Tamb = O'C to +70'C 
Industrial (I): Tamb = -40"C to +85"C 

Max Units Conditions 

- v 
.3 Vee v 

- v Note 1 

.40 v IOL = 3.0 mA, Vee= 2.5V 

10 µA VIN= .1Vto Vee 

10 µA VOUT= .1Vto Vee 

10 pF Vee= 5.0V (Note 1) 
Tamb = 25"C, FCLK = 1MHz 

3 mA Vee= 5.5V, SCL = 400 kHz 
1 mA 

30 µA Vee = 3.0V, SDA = SCL = Vee 
100 µA Vee= 5.5V, SDA = SCL = Vee 

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

FIGURE 1-1: BUS TIMING START/STOP 
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24LC168 

TABLE 1-3: AC CHARACTERISTICS 

STANDARD Vee = 4.SV - 5.SV 

Parameter Symbol MODE FAST MODE Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA dJ1d SCL .-i::,~ tin:1e TR - IOOO - 300 115 ~·-'"- ,.. l"Vlt:1C.. 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time Tsu:sTA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THO: DAT 0 - 0 - ns 

Data input setup time Tsu:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TSUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from V1H TOF - 250 20+0.1 250 ns Note 2, Cs::; 100 pF 
min to VIL max Cs 

Input filter spike suppres- TSP NIA N/A 0 50 ns Note3 
sion (SDA and SCL pins) 

Write cycle time TWR - 10 - 10 ms Byte or Page mode 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. Cs= total capacitance of one bus line in pF. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Tl specification for standard operation. 

FIGURE 1-2: BUS TIMING DATA 
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24LC16B 

2.0 FUNCTIONAL DESCRIPTION 
The 24LC1 SB supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be con
trolled by a master device which generates the serial 
clock (SCL), controls the bus access, and generates 
the START and STOP conditions, while the 24LC16B 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device deter
mines which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1). 

3.1 Bus not Busy (Al 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end 
of data to the slave by not generating an acknowledge 
bit on the last byte that has been clocked out of the 
slave. In this case, the slave (24LC16B) will leave the 
data line HIGH to enable the master to generate the 
STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 

A control byte is the first byte received following the 
start condition from the master device. The control 
byte consists of a four bit control code, forthe 24LC16B 
this is set as 1010 binaryfor read and write operations. 
The next three bits of the control byte are the block 
select bits (B2, B 1, BO). They are used by the master 
device to select which of the eight 256 word blocks of 
memory are to be accessed. These bits are in effect 
!he !hree !nost s!gri!ficant b!ts 0f the word BddrAs$_ It 
should be noted that the protocol limits the size of the 
memory to eight blocks of 256 words, therefore the pro
tocol can support only one 24LC16B per system. 

The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24LC16B monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the RiW bit, the 24LC16B will select a read 
or write operation. 

Operation 
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5.0 WRITE OPERATION 

5.1 Byte Write 

Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R!W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low alter it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the nex1 byte transmit
ted by the master is the word address and will be writ
IAn into th<> address oointer of the 24LC16B. After 
receiving another acknowledge signal from the 
24LC 16B the master device will transmit the data word 
to be written into the addressed memory location. The 
24LC16B acknowledges again and the master gener
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24LC16B will not gener
ate acknowledge signals (see Figure 5-1 ). 

5.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC16B in the same way 
as in a byte write. But instead of generating a stop con
dition the master transmits up to sixteen data bytes to 
the 24LC16B which are temporarily stored in the on
chip page buffer and will be written into the memory 
alter the master has transmitted a stop condition. Alter 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than six
teen words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin (see Figure 8-1 ). 
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6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (RIW = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 
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7.0 WRITE PROTECTION 
The 24LC168 can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

8.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the R!W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran
dom read, and sequential read. 

8.1 Current Address Read 

The 24LC168 contains an address counter that main
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R!W bit set to one, the 24LC16B issues an 
acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24LC168 discontin
ues transmission (see Figure 8-2). 

8.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC16B as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the RJW bit set to a one. The 24LC168 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC168 dis
continues transmission (see Figure 8-3). 

DATAn DATAn+ 1 

s 
T 

DATAn + 15 0 
p 

I : I : : : : : 11 : I : : : : : 11 : I : : : : : I LlZ: : : : : I Fl 
\\ 

SDA LINE 

BUS ACTIVITY: 

DS20070E-page 3-78 

A 
c 
K 

A 
c 
K 

A 
c 
K 

A 
c 
K 

A 
c 
K 

© 1995 Microchip Technology Inc. 



FIGURE 8-2: CURRENT ADDRESS READ 
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8.3 Seguential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24LC16B transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC16B to transmit the next sequentially 
addressed 8 bit word (see Figure 9-1). 

To provide sequential reads the 24LC16B contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

8.4 Noise Protection 

The 24LC16B employs a Vee threshold detector circuit 
which disables the internal erase/write logic if the Vee 
is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 9-1: SEQUENTIAL READ 

9.0 PIN DESCRIPTIONS 

9.1 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain tenninal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 101<.Q for 100 kHz, 1 KQ for 400 
kHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

9.2 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.3 WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss normal memory operation is enabled 
(read/write the entire memory 000-?FF). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read opera
tions are not affected. 

This feature allows the user to use the 24LC16B as a 
serial ROM when WP is enabled (tied to Vee). 

9.4 AO.A1.A2 

These pins are not used by the 24LC16B. They may 
be left floating or tied to either Vss or Vee. 
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24LC16B Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24LC168 - /P 

'---------1J Temperature 
] Range: 

'-------------1J Device: 
l 

Sales and Support 

P = Plastic DIP (300 mil Body), 8-lead 
SL = Plastic SOIC (150 mil Body), 14-lead 
SN = Plastic SOIC (150 mil Body), 8-lead 
SM = Plastic SOIC (207 mil Body), 8-lead 

Blank = 0°C to +70°C 
I = -40°C to +85°C 

24LC16B 
24LC16BT 

16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature#) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 24LC164 
16K 2.SV Cascadable CMOS Serial EEPROM 

FEATURES 

• Single supoly with ooeration down to 2.5V 

• Low power CMOS technology 

1 mA active current typical 

- 1 O µA standby current typical at 5.5V 

- 5 µA standby current typical at 3.0V 

• Organized as 8 blocks of 256 bytes (8 x 256 x 8) 

• Two wire serial interlace bus, 12CrM compatible 

• Functional address inputs for cascading up to 8 
devices 

• Schmitt trigger, filtered inputs for noise suppres-
sion 

• Output slope control to eliminate ground bounce 

• 100 kHz (2.5V) and 400 kHz (5V) compatibility 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer for up to 16 bytes 

• 2 ms typical write cycle time for page-write 

• Hardware write protect for entire memory 

• Can be operated as a serial ROM 

• Factory programming (OTP) available 

• ESD protection > 4,000V 

• 10,000,000 ERASE/WRITE cycles guaranteed 

• Data retention > 40 years 

• 8 pin DIP, 8-lead SOIC packages 

• Available for extended temperature ranges 

Commercial: 0°C to + 70°C 

- Industrial: -40°C to +85°C 

DESCRIPTION 

The Microchip Technology Inc. 24LC164 is a cascad
able 16K bit Electrically Erasable PROM. The device 
is organized as 8 blocks of 256 x 8 bit memory with a 
two wire serial interlace. Low voltage design permits 
operation down to 2.5 volts with standby and active cur
rents of only 5 µAand 1 mArespectively. The 24LC164 
also has a page-write capability for up to 16 bytes of 
data. The 24LC164 is available in the standard 8-pin 
DIP and 8-lead surlace mount SOIC packages. 

The three select pins, AO, A 1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system 
EEPROM. 

12C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vcc ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss .... -0.3V to Vee +1.0V 

Storage temperature .......................... -65°C to + 150°C 

Ambient temp. with power applied ..... -65°C to +125°C 

Soldering temperature of leads (10 seconds) .. +300°C 

ESD protection on all pins ...................................... ;>, 4 kV 

"Notice: Stresses above those listed under "Maximum ratings' 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Symbol 

WP, SCL and SDA pins: 

Min 

High level input voltage VIH .7 Vee 

Low level input voltage VIL -

Hysteresis of Schmitt trigger VHYS .05 Vee 
inputs 

Low level output voltage VOL -

Input leakage current Ill -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice Write -
Ice Read -

Standby current Ices -
-

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee +2.5V to 5.5V Power Supply 

AO,A1,A2 Chip Address Inputs 

Vee = +2.5V to +5.5V 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 

Max Units Conditions 

- v 
.3 Vee v 

- v Note 1 

.40 v IOL = 3.0 mA, Vee= 2.5V 

10 µA VIN= .1Vto Vee 

10 µA VOUT = .1V to Vee 

10 pF Vee= 5.0V (Note 1) 
Tamb = 25°C, FCLK = 1 MHz 

3 mA Vee= 5.5V, SCL = 400 kHz 
1 mA 

30 µA Vee= 3.0V, SDA = SCL = Vee 
100 µA Vee.= 5.5V, SDA = SCL = Vee 

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

FIGURE 1-1: BUS TIMING START/STOP 
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START STOP 
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24LC164 

TABLE 1-3: AC CHARACTERISTICS 

STANDARD Vee= 4.5V - 5.5V 

Parameter Symbol MODE FAST MODE Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Noie2 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time Tsu:sTA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free lime TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH TOF - 250 - 250 ns Note 2, CB s; 100 pF 
min to VIL max 

Input filter spike suppres- Tsp N/A N/A 0 50 ns Note3 
sion (SDA and SCL pins) 

Write cycle time TWR - 10 - 10 ms Byte or Page mode 

Note 1: As a transmitter, the device must provide an internal minimum. delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB= total capacitance of one bus line in pF. 
Note 3: The combined TsP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Ti specification tor standard operation. 

FIGURE 1-2: BUS TIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 
The 24LC164 supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to. be con
trolled by a master device which generates the serial 
clock (SCL), controls the bus access, and generates 
the START and STOP conditions, while the 24LC164 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device deter
mines which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1 ). 

3.1 Bus not Busy (A) 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end 
of data to the slave by not generating an acknowledge 
bit on the last byte that has been clocked out of the 
slave. In this case, the slave (24LC164) will leave the 
data line HIGH to enable the master to generate the 
STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 

A control byte is the first byte received following the 
start condition from the master device. The first bit is 
always a one. The next three bits of the control byte 
are the device select bits (A2, A 1, AO). They are used 
to select which of the eight devices are to be accessed. 
The A 1 bit must be the inverse of the A 1 device select 
pin. 

The next three bits of the control by1s arc the block 
select bits (B2, B1, BO). They are used by the master 
device to select which of the eight 256 word blocks of 
memory are to be accessed. These bits are in effect 
the three most significant bits of the word address. 

The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24LC164 looks forthe 
slave address for the device selected. Depending on 
the state of the RiW bit, the 24LC164 will select a read 
or write operation. 

Operation Control Code Block Select RiW 

Read 1 A2 A1 AO Block Address 

Write 1 A2 A1 AO Block Address 

FIGURE 4-1: CONTROL BYTE 
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24LC164 

5.0 WRITE OPERATION 

5.1 Byte Write 

Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
RJW bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit
ted by the master is the word address and will be writ
ten into the address pointer of the 24LC164. After 
receiving another acknowledge signal from the 
24LC164 the master device will transmit the data word 
to be written into the addressed memory location. The 
24LC164 acknowledges again and the master gener
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24LC164 will not gener
ate acknowledge signals (see Figure 5-1). 

5.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC164 in the same way 
as in a byte write. But instead of generating a stop con
dition the master transmits up to sixteen data bytes to 
the 24LC164 which are temporarily stored in the on
chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than six
teen words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin (see Figure 8-1). 
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6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (RIW = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 
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7.0 WRITE PROTECTION 
The 24LC164 can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

8.0 READ OPERATION 
Read operations are initiated in the same way as wrtte 
operations with the exception that the RNii bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran
dom read, and sequential read. 

8.1 Current Address Read 

The 24LC164 contains an address counter that main
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with RJW bit set to one, the 24LC164 issues an 
acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condttion and the 24LC164 discontin
ues transmission (see Figure 9-1 ). 

8.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC164 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the RJW bit set to a one. The 24LC164 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC164 dis
continues transmission (see Figure 9-2). 
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8.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24LC164 transmits the 
first data by1e, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC164 to transmit the next sequentially 
addressed 8 bit word (see Figure 9-3). 

To provide sequential reads the 24LC164 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allvws ctii e11tirG devic& memory content:; tc bG ssrl<1!!y 
read during one operation. 

8.4 Noise Protection 

The 24LC164 employs a Vee threshold detector circuit 
which disables the internal erase/write logic if the Vee 
is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

24LC164 

9.0 PIN DESCRIPTIONS 

9.1 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 1 OKn for 100 kHz, 1 Kn for 400 
kHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved ~or indicatjr.g !he ST~RT and -STOP condi
tions. 

9.2 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.3 WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled 
(read/write the entire memory 000-?FF). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read opera
tions are not affected. 

This feature allows the user to use the 24LC164 as a 
serial ROM when WP is enabled (tied to Vee). 

9.4 AO. A1. A2 

These pins are used to configure the proper chip 
address in multiple-chip applications (more than one 
24LC164 on the same bus). The levels on these pins 
are compared to the corresponding bits in the slave 
address. The chip is selected if the compare is true. 

Up to eight 24LC164s may be connected to the same 
bus. These pins must be connected to either Vss or 
Vee. 
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FIGURE 9-1: CURRENT ADDRESS READ 
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FIGURE 9-3: SEQUENTIAL READ 
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24LC164 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

Sales and Support 

I Temperature 
Range: 

l Device: 

p 
SN 

Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 8-lead 

Blank = O'C to +70'C 
I = -40°C to +85°C 

24LC164 
24LC164T 

16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 24LC32 
32K 2.5V CMOS Serial EEPROM 

FEATURES 

• Voltage operatiflg range: ?_5V ~0 5_ov 
Peak write current 3 mA at 6.0V 

- Maximum read current 150 µA at 6.0V 
- Standby current 1 µA typical 

• Industry standard two-wire bus protocol, 12C™ 
compatible 
- Including 100 kHz (2.5V) and 400 kHz (5V) modes 

• Self-timed ERASE and WRITE cycles 
• Power on/off data protection circuitry 
• Endurance: 

- 10,000,000 ERASEJWRITE cycles 
guaranteed for High Endurance Block 

- 100,000 EJW cycles guaranteed for 
Standard Endurance Block 

• 8 byte page, or byte modes available 
• 1 page x 8 line input cache (64 bytes) for fast 

write loads 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 2 ms typical write cycle lime, byte or page 
• Factory programming (QTP) available 
• Up to 8 devices may be connected to the same 

bus for up to 256K bits total memory 
• Electrostatic discharge protection > 4000V 
• Data retention > 40 years 
• 8-pin PDIP/SOIC packages 
• Temperature ranges: 

Commercial: o·c to +70°C 
- Industrial: -40°C to +85°C 

DESCRIPTION 

The Microchip Technology Inc. 24LC32 is a 4K x 8 
(32K bit) Serial Electrically Erasable PROM capable of 
operation across a broad voltage range (2.5V to 6.0V). 
This device has been developed for advanced, low 
power applications such as personal communications 
or data acquisition. The 24LC32 features an input 
cache for fast write loads with a capacity of eight 8-byte 
pages, or 64 bytes. It also features a fixed 4K-bit block 
of ultra-high endurance memory for data that changes 
frequently. The 24LC32 is capable of both random and 
sequential reads up to the 32K boundary. Functional 
address lines allow up to 8 - 24LC32 devices on the 
same bus, for up to 256K bits address space. 
Advanced CMOS technology and broad voltage range 
make this device ideal for low-power/low voltage, non
volatile code and data applications. The 24LC32 is 
available in the standard 8-pin plastic DIP and 8-pin 
surface mount SOIC package. 

© 1995 Microchip Technology Inc. 
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PACKAGE TYPE 

POIP 
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BLOCK DIAGRAM 
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12C is a trademark of Philips Corporation 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum. Ratings* 

Vcc ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss ..... ·0.6V to Vee + 1.0V 

Storage temperature .......................... -65'C to+ 150'C 

Ambient temp. with power applied ..... -65'C to + 125'C 

Soldering temperature of leads (1 O seconds) .. +300'C 

ESD protection on all pins ...................................... ~ 4 kV 

*Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Symbol 

AO, A 1, A2, SCL and SDA pins: 

Min 

High level input voltage VIH .?Vee 

Low level input voltage VIL -

Hysteresis of Schmitt Trigger inputs VHYS .05 Vee 

Low level output voltage VOL -

Input leakage current lu -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice Write -
Ice Read -

Standby current Ices -

TABLE 1-1: PIN FUNCTIONS 

Name Function 

AO .. A2 User Configurable Chip Selects 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

Vee +2.5V to 6.0V Power Supply 

NC No Internal Connection 

Vee = +2.5V to 6.0V 
Commercial (C): Tamb = o·c to +70'C 
Industrial (I): Tamb = -40'C to +85'C 

Max Units Conditions 

- v 
.3 Vee v 

- v Note 1 

.40 v IOL= 3.0 mA 

10 µA VIN = .1 v to Vee 

10 µA VOUT = .1 v to Vee 

10 pF Vee= 5.0V (Note 1) 
Tamb = 25'C, Fclk = 1 MHz 

3 mA Vee = 6.0V, SCL = 400 kHz 
150 µA Vee = 6.0V, SCL = 400 kHz 

5 µA Vee = 5.0V, SCL = SDA =Vee 
Note 1 

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

FIGURE 1-1: BUS TIMING START/STOP 

VHYS 

SCL ---J 
TsuoSTA Tsu:srn 

START STOP 
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TABLE 1-3: AC CHARACTERISTICS 

VCF = 2.SV-6.0V V = 4.5-6.0V 

Parameter Symbol 
STD. MODE FAST MODE Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

::>lJA ana ::>CL rise time TR - lOOu - 300 ns Nme i 

SDA and SCL fall time TF - 300 - 300 ns Note1 

START condition hold time THD:STA 4000 - 600 - ns After this period the first clock 
pulse is generated 

START condition setup Tsu:sTA 4700 - 600 - ns Only relevant for repeated START 
time condition 

Data input hold time THO: DAT 0 - 0 - ns 

Data input setup time Tsu: DAT 250 - 100 - ns 

STOP condition setup time Tsu:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note2 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free before 
a new transmission can start 

Output fall time from VIH TOF - 250 20 +0.1 250 ns Note 1, CBS 100 pF 
min to VIL max CB 

Input filter spike suppres- TSP N/A N/A 0 50 ns Note 3 
sion (SDA and SCL pins) 

Write cycle time TWR - 5 - 5 ms/page Note4 

Note 1: Not 100% tested. CB= total capacitance of one bus line in pF. 
Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 

(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a li specification for standard operation. 
Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 

cache for total time. 

FIGURE 1-2: BUS TIMING DATA 

t HIGH 

t HD:DAT 
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2.0 FUNCTIONAL DESCRIPTION 
The 24LC32 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL). controls the bus access, and generates the 
START and STOP conditions, while the 24LC32 works 
as slave. Both master and slave can operate as trans
mitter or receiver but the master device determines 
which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (See Figure 3-1). 

3.1 Bus not Busy (A) 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (Bl 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (Cl 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 

A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24LC32) will leave the data line HIGH 
to enable the master to generate the STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (8) 
SCL ---+--i--. 

SDA 

START CONDITION 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 
(Figure 4-1) 

A control byte is the first byte received following the 
start condition from the master device. The control 
byte consists of a four bit control code; for the 24LC32 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the device 
select bits (A2, A 1, AO). They are used by the master 
device te select which of the eight devices are le be 
accessed. These bits are in effect the three most sig
nificant bits of the word address. The last bit of the con
trol byte defines the operation to be performed. When 
set to a one a read operation is selected, and when set 
to a zero a write operation is selected. The next two 
bytes received define the address of the first data byte 
(see Figure 4-2). Because only A11 ... AO are used, the 
upper four address bits must be zeros. The most sig
nificant bit of the most significant byte of the address is 
transferred first. 

FIGURE 4-1: CONTROL BYTE ALLOCATION 

START READ/WRITE 

/ '-.... 
I : s:LAV~ AD~RES:s (Rml A 

I 
I "\ 

I "\ 
I "\ 

0 0 A2. A1 AO) 

24LC32 

Following the start condition, the 24LC32 monitors the 
SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri
ate device select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on 
the state of the RiW bit, the 24LC32 will select a read 
or write operation. 

Operation 
Control 

Device Select RiW 
Code 

Read 1010 Device Address 1 

Write 1010 I Device Address 0 

FIGURE 4-2: ADDRESS SEQUENCE BIT ASSIGNMENTS 

Control Byte Address Byte 1 Address Byte 0 

~ l~l·l·l·l·l·l·l~I 
'----~~--' ~ 

Slave Device 
Address Select 

Bits 
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5.0 WRITE OPERATION 

5.1 Split Endurance 

The 24LC32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 10,000,000 E/W cycles guaranteed. The 
remainder of the array, 28K bits, is rated at 100,000 
E/W cycles guaranteed. This feature is helpful in appli
cations in which some data change frequently, while a 
majority of the data change infrequently. One example 
would be a cellular telephone in which last-number 
redial and microcontroller scratch pad require a 
high-endurance block, while speed dials and lookup 
tables change infrequently and so require only a stan
dard endurance rating. 

5.2 Bvte Write 

Following the start condition from the master, the con
trol code (four bits), the device select (three bits), and 
the R/W bit which is a logic low are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that a byte with a word 
address will follow after it has generated an acknowl
edge bit during the ninth clock cycle. Therefore the 
next byte transmitted by the master is the high-order 
byte of the word address and will be written into the 
address pointer of the 24LC32. The next byte is the 
least significant address byte. After receiving another 
acknowledge signal from the 24LC32 the master 
device will transmit the data word to be written into the 
addressed memory location. 

FIGURE 5-1: BYTE WRITE 

Bus Activity: 
Master 

s 
t 

~ Control Word 
Address (1) 

The 24LC32 acknowledges again and the master gen
erates a stop condition. This initiates the internal write 
cycle, and dL1ring this time the 24LC32 will not generate 
acknowledge signals (see Figure 5-1). 

5.3 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC32 in the same way as 
in a byte write. But instead of generating a stop condi
tion, the master transmits I.IP to eight pages of eight 
data bytes each (64 bytes total) which are temporarily 
stored in the on-chip page cache of the 24LC32. They 
will be written from cache into the EEPROM array after 
the master has transmitted a stop condition. After the 
receipt of each word, the six lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remain 
constant. If the master should transmit more than eight 
bytes prior to generating the stop condition (writing 
across a page boundary), the address counter (lower 
three bits) will roll over and the pointer will be incre
mented to point to the next line in the cache. This can 
continue to occur up to eight times or until the cache is 
full, at which time a stop condition should be generated 
by the master. If a stop condition is not received, the 
cache pointer will roll over to the first line (byte 0) of the 
cache, and any further data received will overwrite pre
viously captured data. The stop condition can be sent 
at any time during the transfer. As with the byte write 
operation, once a stop condition is received, an internal 
write cycle will begin. The 64-byte cache will continue 
to capture data until a stop condition occurs or the 
operation is aborted (see Figure 5-2). 

s 
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SDA Line 

Bus Activity 

ITUl OTl 
A 
c 
K 

lolololoITJTI I I I I I I I I I I I I I I I I I I D 
A 
c 
K 

A 
c 
K 

A 
c 
K 

FIGURE 5-2: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 8-1) 
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6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6·1: ACKNOWLEDGE POLLING 
FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 

Send Start 

Send Control Byte 
with RlW=O 

Next 
Operation 

FIGURE 7-1: CURRENT ADDRESS READ 
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7.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the RMI bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 

7.1 Current Address Read 

The 24LC32 contains an address counter that main
tains the address of the last word accessed, internally 
lnlii·en-1enteU Uy one. The1efu1e, if the previous accass 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read oper
ation would access data from address n + 1. Upon 
receipt of the slave address with R/W bit set to one, the 
24LC32 issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24LC32 discontinues transmission (see Figure 7-1). 

7.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC32 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con
trol byte again but with the R/W bit set to a one. The 
24LC32 will then issue an acknowledge and transmit 
the eight bit data word. The master will not acknowl
edge the transfer but does generate a stop condition 
which causes the 24LC32 to discontinue transmission 
(see Figure 7-2). 
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7.3 Contiguous Addressing Across 
Multiple Devices 

The device select bits A2, A 1, AO can be used to 
expand the contiguous address space for up to 256K 
bits by adding up to eight 24LC32's on the same bus. 
In this case, software can use AO of the control bvte as 
address bit A12, A1 as address bit A13, and A2 as 
address bitA14. 

7.4 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24LC32 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24LC32 to transmit the 
next sequentially addressed 8 bit word (see 
Figure 7·3). Following the final byte transmitted to the 
master, the master will NOT generate an acknowledge 
but will generate a stop condition. 

FIGURE 7-2: RANDOM READ 

To provide sequential reacjs the 24LC32 contains an 
internal address pointer which is incremented by one at 
the. completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The address pointer, however, 
will not roll over from address 07FF to address 0000. It 
will roll from 07FF to unused memory space. 

7.5 Noise Protection 

The SCL and SDA inputs have filter circuits which sup
press noise spikes to ensure proper device operation 
even on a noisy bus. All 1/0 lines incorporate Schmitt 
triggers for 400 kHz (Fast Mode) compatibility. 
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7.6 PAGE CACHE AND ARRAY MAPPING 

The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. 
Even if a page is only partially loaded, it will still require 
the same cycle time as a full page. If more than 64 
bytes of data are loaded before the stop bit is given, the 
address pointer will 'wrap around' to the beginning of 
cache page O and existing bytes in the cache will be 
overwritten. The device will not respond to any com
mands while the write cycle is in progress. 

7. 7 Cache Write Starting at a Page 
Boundary 

If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, (see 
Figure 5-2) a write command is initiated starting at byte 
0 of page 3 with a fully loaded cache (64 bytes). The 
first byte in the cache is written to byte 0 of page 3 (of 
the array), with the remaining pages in the cache writ
ten to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 

7.8 Cache Write Starting at a Non-Page 
Boundary 

When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, 
the first byte loaded into the cache is always loaded 
into page 0. The byte within page O of the cache where 
the load begins is determined by the three least signif
icant address bits (A2, A 1, AO) that were sent as part of 
the write command. If the write command does not 
start at byte O of a page and the cache is fully loaded, 
then the last byte(s) loaded into the cache will roll 
around to page O of the cache and fill the remaining 
empty bytes. If more than 64 bytes of data are loaded 
into the cache, data already loaded will be overwritten. 
In the example shown in Figure 8-2, a write command 
has. been initiated starting at byte 2 of page 3 in the 
array with a fully loaded cache of 64 bytes. Since the 
cache started loading at byte 2, the last two bytes 
loaded into the cache will 'roll over' and be loaded into 

© 1995 Microchip Technology Inc. 

24LC32 

the first two bytes of page O (of the cache). When the 
stop bit is sent, page 0 of the cache is written to page 3 
of the array. The remaining pages in the cache are 
then loaded sequentially to the array. A write cycle is 
executed alter each page is written. If a partially 
loaded page in the cache remains when the STOP bit 
is sent, only the bytes that have been loaded will be 
written to the array. 

7.9 Power Management 

This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
alter the normal termination of any operation when a 
stop bit is received and all internal functions are com
plete. This includes any error conditions, ie. not receiv
ing an acknowledge or stop condition per the two-wire 
bus specification. The device also incorporates VDD 

monitor circuitry to prevent inadvertent writes (data cor
ruption) during low-voltage conditions. The VDD moni
tor circuitry is powered off when the device is in 
standby mode in order to further reduce power con
sumption. 

8.0 PIN DESCRIPTIONS 

8.1 AO, A 1 . A2 Chip Address Inputs 

The AO .. A2 inputs are used by the 24LC32 for multiple 
device operation and conform to the two-wire bus stan
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A 1, AO) in the control byte (see 
Figure 4-2). 

8.2 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull up 
resistor to Vee (typical 10KQ for 100 kHz, 1KQ for 400 
kHz) 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

8.3 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 8-1: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 

<D Write ·command initiated at byte o of page 3 in the array; 
First data byte is loaded into the cache byte o. ® 64 bytes of data are loaded into cache. 

cache page O 

cache cache 
byte O byte 1 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

@ Write from cache into array initiated by STOP bit. 
© Remaining pages in cache are written 

to sequential pages in array. 
Page o of cache written to page 3 of array. 
Write cycle is executed after every page is written. 

array row n 

array row n + 1 
"""'"""'""""""'"""'""""""'"'I"'"""'--~~~--'--"~~~~~--"-'-..:;_--"~~--"-'--.:;_-" 

® Last page in cache written to page 2 in next row. 

FIGURE 8-2: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 

Last 2 bytes 
loaded into 
page 0 of cache. 

@ 

<D Write command initiated; 64 bytes of data 
loaded into cache starting at byte 2 of page 0. 

@ Last 2 bytes loaded 'roll over' 
to beginning. 

t 
cache 
byte2 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

@ Write from cache into array Initiated by STOP bit. 
Page 0 of cache written to page 3 of array. @ Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 

"--.. 

@ Last 3 pages in cache written to next row in array. 
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24LC32 

24LC32 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24LC32 - IP 

~ """""'~ 
J Temperature 

'---------ti Range: 

i Device: 

Sales and Support 

P = Plastic DIP (300 mil Body), 8-lead 
SM = Plastic SOIC (207 mil Body, EIAJ standard) 

Blank = O"C to +70"C 
I = -40°C to +85°C 

24LC32 
24LC32T 

32K CMOS Serial EEPROM (100 kHz, 400 kHz) 
32K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345or1-602-786-7302. 
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MICROCHIP 24C01 A/02A/04A 
1K/2K/4K 5.0V CMOS Serial EEPROMs 

FEATURES 

• Low oower CMOS technology 

• Hardware write protect 

• Two wire serial interface bus, l2C™ compatible 
• 5 volt only operation 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer 
• 1 ms write cycle time for single byte 

• 1,000,000 ERASE/WRITE cycles guaranteed 
• Data retention >40 years 
• 8-pin DIP/SOIC packages 

• Available for extended temperature ranges: 
Commercial: 0°C to +70°C 
Industrial: -40°C to +85°C 

Automotive: -40°C to +125°C 

DESCRIPTION 

The Microchip Technology Inc. 24C01A/02A/04A is a 
1K/2K/4K bit Electrically Erasable PROM. The device 
is organized as shown, with a standard two wire serial 
interface. Advanced CMOS technology allows a signif
icant reduction in power over NMOS serial devices. A 
special feature in the 24C02A and 24C04A provides 
hardware write protection for the upper half of the 
block. The 24C01A and 24C02A have a page write 
capability of two bytes and the 24C04A has a page 
length of eight bytes. Up to eight 24C01 A or 24C02A 
devices and up to four 24C04A devices may be con
nected to the same two wire bus. 

This device offers fast (1 ms) byte write and 
extended (-40°C to 125°C) temperature operation. It 
is recommended that all other applications use 
Microchip's 24LCXXB. 

24C01A 24C02A 24C04A 

Organization 128x8 258x8 2x256x8 

Write Protect None 080-0FF 100-1 FF 

Page Write 2 Bytes 2 Bytes 8 Bytes 
Buffer 

12c is a trademark of Phillips Corporation 

© 1995 Microchip Technology Inc. 

AO A1 A2WP 

DS11183B-page 3-105 



24C01 A/02A/04A 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vcc ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss .... -0.6V to Vee +1.0V 

Storage temperature .......................... -65'C to + 150'C 

Ambient temp. with power applied ..... -65'C to + 125'C 

Soldering temperature of leads (10 seconds) .. +300'C 

ESD protection on all pins .................................... .4 kV 

'Notice: Stresses above those listed under "Maximum ratings" 
may cau.se permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Vee= +5V (±10%) Commercial 
Industrial 
Automotive 

Parameter Symbol Min. 

Vee detector threshold VTH 2.8 

SCL and SDA pins: 

(C): 
(I): 

(E): 

Max. 

4.5 

High level input voltage VIH Vccx Vee+ 1 
Low level input voltage VIL 0.7 Vee x0.3 
Low level output voltage VOL -0.3 0.4 

A1 & A2 pins: 
High level input voltage VIH Vee - 0.5 Vee+ 0.5 
Low level input voltage VIL -0.3 0.5 

Input leakage current Ill ·- 10 

Output leakage current ILO - 10 

Internal capacitance CINT - 7.0 
(all inputs/outputs) 

Operating current Ice Write - 3.5 

Ice Write - 4.25 

Ice - 750 
Read 

Standby current Ices - 100 

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

AO No Function for 24C04Aonly, Must 
be connected to Vee or Vss 

AO,A1,A2 Chip Address Inputs 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

TEST (24C01 A only) Vee or Vss 

WP Write Protect Input 

Vee +5V Power Supply 

Tamb= O'Cto+70'C 
Tamb= -40'C to +85'C 
Tamb= -40°C to +125°C 

Units Conditions 

v 

v 
v 
v IOL = 3.2 mA (SDA only) 

v 
v 

µA VIN = ov to Vee 

µA VOUT = ov to Vee 

pF V1N/VOUT = ov (Note 1) 
Tamb = +25'C, f = 1 MHz 

mA FcLK = 100 kHz, program cycle time= 1 ms, 
Vee= 5V, Tamb = Q'C to +70'C 

mA FCLK= 100 kHz, program cycle time= 1 ms, 
Vee = 5V, Tamb = (I) and (E) 

µA Vee= 5V, Tamb= (C), (I) and (E) 

µA SDA=SCL=VCC=5V (no PROGRAM active) 

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

FIGURE 1-1: BUS TIMING START/STOP 

SCL--~ 

I 
I 
I 
I 
I 

Tsu:sTA ~ 
I 

SDA -----r-1 ,1 

I 
I 
I 

~ THD:STA 
I 
I 
I 
I 
I 
I 

START 
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24C01 A/02A/04A 

TABLE 1-3: AC CHARACTERISTICS 

Parameter Symbol Min. Typ Max. Units Remarks 

Clock frequency FCLK - - 100 kHz 

Clock high time THIGH 4000 - - ns 

Clock low time TLOW 4700 - - ns 

SDA and SCL rise time TR - - 1000 ns 

SDA and SCL fall time TF - - 300 ns 

START condition iloid time THo:S·1A 4000 - - ns Alier ihi::> period ihe firsi 
clock pulse is generated 

START condition setup time Tsu: STA 4700 - - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - - ns 

Data input setup time Tsu:DAT 250 - - ns 

Data output delay time TAA 300 - 3500 Note 1 

STOP condition setup time Tsu:STO 4700 - - ns 

Bus free time TBUF 4700 - - ns Time the bus must be free 
before a new transmission 
can start 

Input filter time constant T1 - - 100 ns 
(SDA and SCL pins) 

Program cycle time Twc - .4 1 ms Byte mode 

.4N N ms Page mode, N=# of bytes 

Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

FIGURE 1-2: BUS TIMING DATA 

SCL ~ 

SDA 
IN 

SDA 
OUT 

t~ r-

© 1995 Microchip Technology Inc. 
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24C01 A/02A/04A 

2.0 FUNCTIONAL DESCRIPTION 
The 24C01 A/02A/04A supports a bidirectional two wire 
bus and data transmission protocol. A device that 
sends data onto the bus is defined as transmitter, and 
a device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener
ates the START and STOP conditions, while the 
24C01 A/02A/04A works as slave. Both master and 
slave can operate as transmitter or receiver but the 
master device determines which mode is activated. 

Up to eight 24C01/24c02s can be connected to the bus, 
selected by the AO, A 1 and A2 chip address inputs. Up 
to four 24C04As can be connected to the bus, selected 
by A1 and A2 chip address inputs. AO must be tied to 
Vee or Vss for the 24C04A. Other devices can be con
nected to the bus but require different device codes 
than the 24C01 A/02A/04A (refer to section Slave 
Address). 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1 ). 

3.1 Bus not Busy CA) 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer CB) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (Dl 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL ---+--I--.. 

SDA 

START CONDITION 
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(D) 

ADDRESS DATA ALLOWED 
OR TO CHANGE 

ACKNOWLEDGE 
VALID 

(D) (C) (A) 

STOP 
CONDITION 
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4.0 SLAVE ADDRESS 
The chip address inputs AO, A1 andA2 of each 24C01 Al 
02A/04A must be externally connected to either Vee or 
ground (Vss), assigning to each 24C01 A/02A/04A a 
unique address. AO is not used on the 24C04A and 
must be connected to either Vee or Vss. Up to eight 
24C01A or 24C02A devices and up to four 24C04A 
devices may be connected to the bus. Chip selection is 
then accomplished through software by setting the bits 
AO, A 1 and A2 of the slave address to the corresponding 
hard-wired logic levels of the selected 24C01 A/02A/ 
04A. After generating a START condition, the bus mas
ter transmits the slave address consisting of a 4-bit 
device code (1010) for the 24C01A/02A/04A, followed 
by the chip address bits AO, A 1 and A2. In the 24C04A, 
the seventh bit of that byte (AO) is used to select the 
upper block (addresses 100-ffF) or the lower block 
(addresses 000--0FF) of the array. 

The eighth bit of slave address determines if the master 
device wants to read or write to the 24C01A/02A/04A 
(see Figure 4-1 ). 

The 24C01 A/02A/04A monitors the bus for its corre
sponding slave address all the lime. It generates an 
acknowledge bit if the slave address was true and it is 
not in a programming mode. 

FIGURE 4-1: SLAVE ADDRESS 
ALLOCATION 

START READ/WRITE 

/ ~ 

I s:LAV~ AD~RES:s : IR/WI 
I \ 

I \ 
I \ 

I \ 

0 0 A2 A1 AO 

5.0 BYTE PROGRAM MODE 

A 

1 

In this mode, the master sends addresses and one 
data by1e to the 24C01 A/02A/04A. 

Following the START signal from the master, the device 
code (4-bits), the slave address (3-bits), and the R/W 
bit, which is logic LOW, are placed onto the bus by the 
master. This indicates to the addressed 24C01 A/02A/ 
04A that a byte with a word address will follow after it 
has generated an acknowledge bit. Therefore the next 
by1e transmitted by the master is the word address and 
will be written into the address pointer of the 24C01 Al 
02A/04A. After receiving the acknowledge of the 
24C01 A/02A/04A, the master device transmits the data 
word to be written into the addressed memory location. 
The 24C01A/02A/04A acknowledges again and the 
master generates a STOP condition. This initiates the 
internal programming cycle of the 24C01A/02A/04A 
(see Figure 6-1 ). 

© 1995 Microchip Technology Inc. 

24C01 A/02A/04A 

6.0 PAGE PROGRAM MODE 
To program the 24C01 A/02A/04A, the master sends 
addresses and data to the 24C01 A/02A/04A which is 
the slave (see Figure 6-1 and Figure 6-2). This is done 
by supplying a START condition followed by the 4-bit 
device code, the 3-bit slave address, and the RIW bit 
which is defined as a logic LOW for a write. This indi
cates to the addressed slave that a word address will 
follow so the slave outputs the acknowledge pulse to 
the master during the ninth clock pulse. When the word 
address is received by the 24C01 A/02A/04A, it places 
it 1n the lower 8 bits ot the aaaress pointer defining 
which memory location is to be written. (The AO bit 
transmitted with the slave address is the ninth bit of the 
address pointer for the 24C04A). The 24C01 A/02A/ 
04A will generate an acknowledge after every 8-bits 
received and store them consecutively in a RAM buffer 
until a STOP condition is detected. This STOP condi
tion initiates the internal programming cycle. The RAM 
buffer is 2 bytes for the 24C01 A/02A and 8 by1es for the 
24C04A. If more than 2 by1es are transmitted by the 
master to the 24C01 A/02A, the device will not acknowl
edge the data transfer and the sequence will be 
aborted. If more than 8 by1es are transmitted by the 
master to the 24C04A, it will roll over and overwrite the 
data beginning with the first received by1e. This does 
not affect erase/write cycles of the EEPROM array and 
is accomplished as a result of only allowing the address 
registers bottom 3 bits to increment while the upper 5 
bits remain unchanged. 

If the master generates a STOP condition after trans
mitting the first data word (Point 'P' on Figure 6-1 ), by1e 
programming mode is entered. 

The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received data by1es in the page 
buffer will be written in a serial manner. 

The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 8 for 
24C04A, 2 for 24C01 A/02A). 
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24C01 A/02A/04A 

FIGURE 6·1: BYTE WRITE 

s 
T 

BUS ACTIVITY: A 
MASTER R 

T 

SDA LINE 

CONTROL 
BYTE 

BUS ACTIVITY: A 
c 
K 

FIGURE 6-2: PAGE WRITE 

s 
T 

WORD BUS ACTIVITY: A CONTROL 
MASTER R BYTE ADDRESS(n) 

T 

SDA LINE ITTJl [I] I : I : : 
: : : 11 : 

BUS ACTIVITY: A 
c 
K 

7.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com· 
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (RIW = 0). If the device is still 
busy with the wrtte cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 7-1 for flow dia
gram. 
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FIGURE 7-1: ACKNOWLEDGE POLLING 
FLOW 
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8.0 WRITE PROTECTION 
Programming of the upper half of the memory will not 
take place if the WP pin of the 24C02A or 24C04A is 
connected to Vee (+SV). The device will accept slave 
and word addresses but if the memory accessed is 
write protected by the WP pin, the 24C02A/04A will not 
generate an acknowledge after the first byte of data 
has been received, and thus the program cycle will not 
be started when the STOP condition is asserted. 
Polarity of the WP pin has no effect on the 24C01 A. 

9.0 READ MODE 
This mode illustrates master device reading data from 
the 24C01 A/02A/04A. 

As can be seen from Figure 9-2 and Figure 9-3, the 
master first sets up the slave and word addresses by 
doing a write. (Note: Although this is a read mode, the 
address pointer must be written to). During this period 
the 24C01 A/02A/04A generates the necessary 
acknowledge bits as defined in the appropriate section. 

24C01 A/02A/04A 

The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs 
the data from the addressed location on to the SDApin, 
increments the address pointer and, if it receives an 
acknowledge from the master, will transmit the next 
consecutive byte. This auto-increment sequence is 
only aborted when the master sends a STOP condition 
instead of an acknowledge. 

FIGURE 9-1: CURRENT ADDR=E=SS::...:..R:.::E:.:...A:.::D:.___ _________________ _ 

BUS ACTIVITY: 
MASTER 

SDA LINE 

BUS ACTIVITY: 

FIGURE 9-2: RANDOM READ 
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24C01 A/02A/04A 

FIGURE 9-3: SEQUENTIAL READ 

BUS ACTIVITY: CONTROL 
MASTER BYTE 

A 
c 
K 

A 
c 
K 

s 
A T 
c 0 
K p 

SDA LINE :~~n 1 : : : : : : : 11 : I : : : : : 11 : I::::: I C)(I::::::: 18 
'' N A-----

C 
K 

BUS ACTIVITY: DATAn DATAn+1 

10.0 PIN DESCRIPTION 

10.1 AO. A 1. A2 Chip Address Inputs 

The levels on these inputs are compared with the cor
responding bits in the slave address. The chip is 
selected if the compare is true. For 24C04 AO is no 
function. 

Up to eight 24C01A/02A's or up to four 24C04A's can 
be connected to the bus. 

These inputs must be connected to either Vss or Vee. 

10.2 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vee (typical 1 OK.O). 

For normal data transfer, SDA is allowed to change 
only during SCL LOW. Changes during SCL HIGH are 
reserved for indicating the START and STOP condi
tions. 

10.3 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

10.4 WP Write Protection 

This pin must be connected to either Vee or Vss for 
24C02A or 24C04A. It has no effect on 24C01 A. 

If tied to Vee, PROGRAM operations onto the upper 
memory block will not be executed. Read operations 
are possible. 

If tied to Vss, normal memory operation is enabled 
(read/write the entire memory). 
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This feature allows the user to assign the upper half of 
the memory as ROM which can be protected against 
accidental programming. When write is disabled, slave 
address and word address will be acknowledged but 
data will not be acknowledged. 
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24C01 A/02A/04A 

24C01 A/02A/04A Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24C01A - IP 
1--r-- , .. , .... 

J Temperature '---------ti Range: 

Device: 

Sales and Support 

J = CERDIP 
P = Plastic DIP 

SN = Plastic SOIC (150 mil Body), 8-lead, 24C01A/02A only 
SM = Plastic SOIC (207 mil Body), 8-lead 
SL = Plastic SOIC {150 mil Body), 14-lead, 24C04A only 

Blank = O"C to +70"C 
I = -40°C to +85°C 
E = -40°C to +125°C 

24C01A 
24C01AT 

24C02A 
24C02AT 

24C04A 
24C04AT 

1 K CMOS Serial EE PROM 
1 K CMOS Serial EE PROM (Tape and Reel) 
2K CMOS Serial EEPROM 
2K CMOS Serial EEPROM (Tape and Reel) 
4K CMOS Serial EEPROM 
4K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature ti) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 24C08B/16B 
8K/16K 5.0V E-Temperature Serial EEPROMs 

FEATURES 

• Sl~gle .c::upp!y with opAr;::lti0n from 4 F\-F\ P:..V 

• Low power CMOS technology 

- 1 mA active current typical 

- 10 µA standby current typical at 5.5V 

• Organized as 4 or 8 blocks of 256 bytes 
(4 x 256 x 8) or (8 x 256 x 8) 

• Two wire serial interface bus, 12C™ compatible 

• Schmitt trigger, filtered inputs for noise suppres-
sion 

• Output slope control to eliminate ground bounce 

• 100 kHz compatibility 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer for up to 16 bytes 

• 2 ms typical write cycle time for page-write 

• Hardware write protect for entire memory 

• Can be operated as a serial ROM 

• Factory programming (OTP) available 

• ESD protection > 4,000V 

• 1,000,000 ERASE/WRITE cycles guaranteed 

• Data retention > 40 years 

• 8 pin DIP, 8-lead or 14-lead SOIC packages 

• Available for extended temperature range 

- Automotive: -40°C to + 125°C 

DESCRIPTION 

The Microchip Technology Inc. 24COBB/16B is an BK/ 
16K bit Electrically Erasable PROM intended for use in 
extended/automotive temperature ranges. The device 
is organized as 4 or 8 blocks of 256 x 8 bit memory with 
a two wire serial interface. The 24COBB/16B also has 
a page-write capability for up to 16 bytes of data. The 
24C08B/16B is available in the standard 8-pin DIP and 
both 8-lead and 14-lead surface mount SOIC pack
ages. 

12C is a trademark of Phillips Corporation. 

© 1995 Microchip Technology Inc. 
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24C08B/16B 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings• 

Vcc ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss .... -0.6V to Vee+ 1.0V 

Storage temperature .......................... -65'C to + 150'C 

Ambient temp. with power applied ..... -65'C to +125'C 

Soldering temperature of leads (1 O seconds) .. +300'C 

ESD protection on all pins ...................................... ;:>: 4 kV 

*Notice: Stresses above those listed under "Maximum ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Symbol 

WP, SCL and SDA pins: 

Min 

High level input voltage VIH .7 Vee 

Low Level input voltage VIL -

Hysteresis of Schmitt trigger VHYS .05 Vee 
inputs 

Low level output voltage VOL -

Input leakage current lu -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice write -
Ice read -

Standby current Ices -

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee +4.5V to 5.5V Power Supply 

AO, A1,A2 No Internal Connection 

Vee = +4.5V to +5.SV 
Automotive (E): Tamb = -40'C to +125'C 

Max Units Conditions 

- v 
.3Vcc v 

- v Note 1 

.40 v IOL = 3.0 mA, VCC=4.5V 

10 µA VIN =.1V to Vee 

10 µA VOUT= .1Vto Vee 

10 pF Vee= 5.0V (Note 1) 
Tamb = 25°C, FCLK=1 MHz 

3 mA Vee= 5.5V, SCL = 400 kHz 
1 mA 

100 µA Vee= 5.5V, SDA = SCL = Vee 

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

FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 

Parameter Symbol Min Max Units Remarks 

Clock frequency FCLK 0 100 kHz 

Clock high time THIGH 4000 - ns 

Clock low time TLOW 4700 - ns 

SDA and SCL rise time TR - 1000 ns Note 2 

SD.A. :!!:d SCL ~::t!! t!~e T~ - '.'100 ns Note 2 

START condition hold time THD:STA 4000 - ns After this period the first clock 
pulse is generated 

START condition setup Tsu:STA 4700 - ns Only relevant for repeated 
time START condition 

Data input hold time THD:DAT 0 - ns 

Data input setup time Tsu:DAT 250 - ns 

STOP condition setup time Tsu:sTo 4000 - ns 

Output valid from clock TAA - 3500 ns Note 1 

Bus free time TBUF 4700 - ns Time the bus must be free before 
a new transmission can start 

Output fall time from VIH TOF - 250 ns Note 2, CB::; 100 pF 
min to V1L max 

Input filter spike suppres- TSP N/A N/A ns Note 3 
sion (SDA and SCL pins) 

Write cycle time TWR - 10 ms Byte or Page mode 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB = total capacitance of one bus line in pF. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Tl specification. 

FIGURE 1-2: BUS TIMING DATA 

SCL 

SDA 
IN 

SDA 
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2.0 FUNCTIONAL DESCRIPTION 
The 24COBB/16B supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener
ates the START and STOP conditions, while the 
24COBB/16B works as slave. Both, master and slave 
can operate as transmitter or receiver but the master 
device determines which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1 ). 

3.1 Bus not Busy (A) 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (Dl 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end 
of data to the slave by NOT generating an acknowl
edge bit on the last byte that has been clocked out of 
the slave. In this case, the slave (24COBB/16B) will 
leave the data line HIGH to enable the master to gen
erate the STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL ---t--+-.,. 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 

A control byte is the first byte received following the 
start condition from the master device. The control 
byte consists of a four bit control code, for the 24C08B/ 
16B this is set as 1010 binary for read and write oper
ations. The next three bits of the control byte are the 
block select bits (B2, B1, BO). They are used by the 
master device to select which of the eight 256 word 
blocks of memory are to be accessed. These bits are 
in effect the three most significant bits of the word 
address. 

The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24C08B/16B monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 101 O code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the R/\fJ bit, the 24C08B/16B will select a 
read or write operation. 

Operation 
Control 

Block Select 
Code 

Read 1010 Block Address 

Write 1010 Block Address 

FIGURE 4-1: CONTROL BYTE 
ALLOCATION 

I 

START 

/ 

I 
I 

I 

0 

READ/WRITE 
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FIGURE 5-1: BYTE WRITE 
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5.0 WRITE OPERATION 

5.1 Byte Write 

Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R/\fJ bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit
ted by the master is the word address and will be writ
ten into the address pointer ot the 24C08t:l/l 08. Aiter 
receiving another acknowledge signal from the 
24C08B/16B the master device will transmit the data 
word to be written into the addressed memory location. 
The 24C08B/16B acknowledges again and the master 
generates a stop condition. This initiates the internal 
write cycle, and during this time the 24C08B/16B will 
not generate acknowledge signals (see Figure 5-1 ). 

5.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24C08B/16B in the same 
way as in a byte write. But instead of generating a stop 
condition the master transmits up to sixteen data bytes 
to the 24C08B/16B which are temporarily stored in the 
on-chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than six
teen words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin (see Figure 8-1). 

WORD 
ADDRESS DATA 
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6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 

Send Start 

Send Control Byte 
with R!W = 0 

Next 
Operation 

FIGURE 8-1: PAGE WRITE 
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7.0 WRITE PROTECTION 
The 24C08B/16B can be used as a serial ROM when 
the WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

8.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the RiW bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran
dom read, and sequential read. 

8.1 Current Address Read 

The 24C08B/16B contains an address counter that 
maintains the address of the last word accessed, inter
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to 
address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with RiW bit set to one, the 24C08B/ 
16B issues an acknowledge and transmits the eight bit 
data word. The master will not acknowledge the trans
fer but does generate a stop condition and the 24C08B/ 
i6B discontinues transmission (see Figure 8-2). 

8.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24C08B/16B as part of a write operation. After the 
word address is sent, the master generates a start con
dition following the acknowledge. This terminates the 
write operation, but not before the internal address 
pointer is set. Then the master issues the control byte 
again but with the RiW bit set to a one. The 24C08B/ 
16B will then issue an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24C08B/16B discontinues transmission (see Figure 8-
3). 
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FIGURE 8-2: CURRENT ADDRESS READ 
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FIGURE 8-3: RANDOM READ 
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24C08B/16B 

8.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24C08B/16B transmits 
the first data byte, the master issues an acknowledge 
as opposed to a stop condition in a random read. This 
directs the 24C08B/16B to transmit the next sequen
tially addressed 8 bit word (see Figure 9-1 ). 

To provide sequential reads the 24C08B/16B contains 
an internal address pointer which is incremented by 
one at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 

8.4 Noise Protection 

The 24C08B/16B employs a Vee threshold detector 
circuit which disables the internal erase/write logic if 
the Vee is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 9-1: SEQUENTIAL READ 

9.0 PIN DESCRIPTIONS 

9.1 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vee (typical 1 On). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

9.2 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.3 WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled 
(read/write the entire memory 000-7FF). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read opera
tions are not affected. 

This feature allows the user to use the 24C08B/16B as 
a serial ROM when WP is enabled (tied to Vee). 

9.4 AO. A1. A2 

These pins are not used by the 24C08B/16B. They 
may be left floating or tied to either Vss or Vee. 
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24C08B/16B Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24CXXB - /P 

r~P~kag" P = Plastic DIP (300 mil Body), B-lead 
SL = Plastic SOIC (150 mil Body), 14-lead 
SN = Plastic SOIC (150 mil Body), B-lead 

J Temperature E= -40°C to + 125 °C 
I Range: 

Device: 24C16B 16K CMOS Serial EEPROM 
24C16BT 16K CMOS Serial EEPROM (Tape and Reel) 

24COBB BK CMOS Serial EEPROM 
24COBBT BK CMOS Serial EEPROM (Tape and Reel) 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a parncular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature#) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 24C32 
32K 5.0V CMOS Serial EEPROM 

FEATURES 

• V0!!E!ge 0perat!r.g ra~ge: 4.5'! to 55\I 
Peak write current 3 mA at 5.5V 

- Maximum read current 150 µA at 5.5V 
- Standby current 1 µA typical 

• Industry standard two-wire bus protocol, l2C1M 

compatible 
- Including 100 kHz and 400 kHz modes 

• Self-timed write cycle (including auto-erase) 
• Power on/off data protection circuitry 
• Endurance: 

- 10,000,000 ERASE/WRITE cycles 
guaranteed for High Endurance Block 

- 100,000 E/W cycles guaranteed for 
Standard Endurance Block 

• 8 byte page, or byte modes available 
• 1 page x 8 line input cache (64 bytes) for fast 

write loads 
• Schmitt trigger, filtered inputs for noise suppres-

sion 
• Output slope control to eliminate ground bounce 
• 2 ms typical write cycle time, byte or page 
• Factory programming (QTP) available 
• Up to 8 chips may be connected to the same bus 

for up to 256K bits total memory 
• Electrostatic discharge protection > 4000V 
• Data retention > 40 years 
• 8-pin PDIP/SOIC packages 
• Temperature ranges: 

Commercial: o·c to +70°C 
- Industrial: -40"C to +85"C 

DESCRIPTION 

The Microchip Technology Inc. 24C32 is a 4K x 8 (32K 
bit) Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 
such as personal communications or data acquisition. 
The 24C32 features an input cache for fast write loads 
with a capacity of eight 8-byte pages, or 64 bytes. It 
also features a fixed 4K-bit block of ultra-high endur
ance memory for data that changes frequently. The 
24C32 is capable of both random and sequential reads 
up to the 32K boundary. Functional address lines allow 
up to 8 - 24C32 devices on the same bus, for up to 
256K bits address space. Advanced CMOS technol
ogy makes this device ideal for low-power non-volatile 
code and data applications. The 24C32 is available in 
the standard 8-pin plastic DIP and 8-pin surface mount 
SOIC package. 

12C is a trademark of Philips Corporation 

© 1995 Microchip Technology Inc. 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratinas* 

Vcc ...........................•..................................•......... 7.0V 

All inputs and outputs w.r.t. Vss ..... -0.6V to Vee+ 1.0V 

Storage temperature .......................... -65"C to + 15o·c 

Ambient temp. with power applied ..... -65"C to + 125"C 

Soldering temperature of leads (1 O seconds) .. +3oo·c 

ESD protection on all pins ...................................... ~ 4 kV 

- •Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Symbol 

AO, A 1, A2, SCL and SDA pins: 

High level input voltage VIH 

Low level input voltage VIL 

Hysteresis of Schmitt Trigger inputs VHYS 

Low level output voltage VOL 

Input leakage current Ill 

Output leakage current ILO 

Internal capacitance CINT 
(all inputs/outputs) 

Operating current ICC WRITE 

Ice Read 

Standby current Ices 

Min 

.7Vcc 

-
.05 Vee 

-
-10 

-10 

-

-
-
-

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

AO .. A2 User Configurable Chip Selects 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

Vee +4.5V to 5.5V Power Supply 

NC No Internal Connection 

Vee = +4.5V to +5.5V 
Commercial (C): Tamb = o·c to +1o·c 
Industrial (I): Tamb = -40"C to +85"C 

Max Units Conditions 

- v 
.3 Vee v 

- v Note 1 

.40 v IOL=3.0mA 

10 µA VIN= .1V TO Vee 

10 µA VOUT = .1V to Vee 

10 pf Vee = 5.0V (Note 1) 
Tamb = 25"C, Fclk = 1 MHz 

3 mA Vee = 5.5V, SCL = 400 kHz 
150 µA Vee= 5.5V, SCL = 400 kHz 

5 µA Vee= 5.5V, SCL = SDA =Vee 
Note 1 

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

FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 

Vee = 4.5V - 5.5V Vee = 4.5\1 - 5.5V 

Parameter Symbol STD. MODE FAST MODE 
Units Remarks 

Min Max Min Max 

C!ock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SD.". e,;:d SC~ ~:s2 tiii:e TP: --- ~Q'JQ -- ::oo nc ~!ote ~ 

SDA and SCL fall time TF - 300 - 300 ns Note 1 

START condition hold time THD:STA 4000 - 600 - ns After this period the first clock 
pulse is generated 

START condition setup TSU:STA 4700 - 600 - ns Only relevant for repeated START 
time condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time TSU: DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note2 

Bus freetime TBUF 4700 - 1300 - ns Time the bus must be free before a 
new transmission can start 

Output fall time from VIH ToF - 250 20+0.1 250 ns Note 1, CB5100pF 
min to VIL max Cs 

Input filter spike suppres- TSP N/A NIA 0 50 ns Note 3 
sion (SDA and SCL pins) 

Write cycle time TWR - 5 - 5 ms/page Note4 

Note 1: Not 100 percent tested. CB= total capacitance of one bus line in pF. 
Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 

(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 
Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 

cache for total time. 

FIGURE 1-2: BUS TIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 
The 24C32 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C32 works 
as slave. Both master and slave can operate as trans
mitter or receiver but the master device determines 
which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1 ). 

3.1 Bus not Busy CA) 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 

A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24C32) will leave the data line HIGH to 
enable the master to generate the STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (8) 
SCL ----r----i--.. 

SDA 

START CONDITION 
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4.0 

4.1 

BUS CHARACTERISTICS 

Device Addressing and Operation 
(Figure 4-1) 

A control byte is the first byte received following the 
start condition from the master device. The control 
byte consists of a four bit control code; for the 24C32 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the device 
select bits (A2, A 1, AO). They are used by the master 
device to select which of the eight devices are to be 
accessed. These bits are in effect the three most sig
nificant bits of the word address. The last bit of the con
trol byte (RIW) defines the operation to be performed. 
When set to a one a read operation is selected, and 
when set to a zero a write operation is selected. The 
next two bytes received define the address of the first 
data byte (see Figure 4-2). Because only A 11 .. AO are 
used, the upper four address bits must be zeros. The 
most significant bit of the most significant byte of the 
address is transferred first. Following the start condi
tion, the 24C32 monitors the SDA bus checking the 
device type identifier being transmitted. Upon receiv
ing a 1010 code and appropriate device select bits, the 

24C32 

slave device outputs an acknowledge signal on the 
SDA line. Depending on the state of the R/W bit, the 
24C32 will select a read or write operation. 

Operation 
Control 

Device Select 
Code 

Read 1010 Device Address 

Write 1010 Device Address 

FIGURE 4-1: CONTROL BYTE 
ALLOCATION 

START READ/WRITE 

/ '-,.... 

I I 
: s:LAV~ AD~RES:s : (RIWI 

I ' I ' I ' 
1· 0 0 A2 A1 AO 'I 

RiW 

1 

0 

A 

FIGURE 4-2: ADDRESS SEQUENCE BIT ASSIGNMENTS 

Control Byte 
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4.2 

4.3 

WRITE OPERATION 

Split Endurance 

The 24C32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 10,000,000 EJW cycles guaranteed. The 
remainder of the array, 28K bits, is rated at 1 OOK EJW 
cycles guaranteed. This feature is helpful in applica
tions in which some data change frequently, while a 
majority of the data change infrequently. One example 
would be a cellular telephone in which last-number 
redial and microcontroller scratch pad require a high
endurance block, while speed dials and lookup tables 
change infrequently and so require only a standard 
endurance rating. 

4.4 Byte Write 

Following the start condition from the master, the con
trol code (four bits), the device select (three bits), and 
the R!W bit which is a logic low are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that a byte with a word 
address will follow after it has generated an acknowl
edge bit during the ninth clock cycle. Therefore the 
next byte transmitted by the master is the high-order 
byte of the word address and will be written into the 
address pointer of the 24C32. The next byte is the 
least significant address byte. After receiving another 
acknowledge signal from the 24C32 the master device 
will transmit the data word to be written into the 
addressed memory location. The 24C32 acknowl
edges again and the master generates a stop condi-

FIGURE 4-3: BYTE WRITE 

s 
t 

tion. This initiates the internal write cycle, and during 
this time the 24C32 will not generate acknowledge sig
nals (see Figure 4-3). 

4.5 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24C32 in the same way as 
in a byte write. But instead of generating a stop condi
tion, the master transmits up to eight pages of eight 
data bytes each (64 bytes total) which are temporarily 
stored in the on-chip page cache of the 24C32. They 
will be written from cache into the EE PROM array after 
the master has transmitted a stop condition. After the 
receipt of each word, the six lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remain 
constant. If the master should transmit more than eight 
bytes prior to generating the stop condition (writing 
across a page boundary), the address counter (lower 
three bits) will roll over and the pointer will be incre
mented to point to the next line in the cache. This can 
continue to occur up to eight times or until the cache is 
full, at which time a stop condition should be generated 
by the master. If a stop condition is not received, the 
cache pointer will roll over to the first line (byte 0) of the 
cache, and any further data received will overwrite pre
viously captured data. The stop condition can be sent 
at any time during the transfer. As with the byte write 
operation, once a stop condition is received, an internal 
write cycle will begin. The 64-byte cache will continue 
to capture data until a stop condition occurs or the 
operation is aborted (see Figure 4-4). 

s 
Bus Activity: a Control Word Word 
Master r Byte Address (1) Address (O) Data o 

t,----------A--- ,---A---, ,---A---, ,---A---, p 

SDA Line D1Jl~ITD....._._._~lol ......... olo~lo .......... ITDJ ............... ~l_._I .......... 11~1...._l l ......... l~I ~11~1 ~I ~I l_._l .......... 11__.__.0 
Bus Activity A A A A 
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FIGURE 4-4: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 6-3) 
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5.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 5-1 for flow dia
gram 

FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 

Send Start 

Send Control Byte 
with R!W ~ 0 

Next 
Operation 

FIGURE 6-1: CURRENT ADDRESS READ 

s 

Bus Activity: a Control 
Master r Byte 

24C32 

6.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the RIW bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 

6.1 Current Address Read 

The 24C32 contains an address counter that maintains 
the address of the last word accessed, internally incre-

(either a read or write operation) was to address n (n is 
any legal address), the next current address read oper
ation would access data from address n + 1. Upon 
receipt of the slave address with R!W bit set to one, the 
24C32 issues an acknowledge and transmits the eight 
bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24C32 discontinues transmission (see Figure 6-1). 

6.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24C32 as part of a write operation (RIW bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con
trol byte again but with the R!W bit set to a one. The 
24C32 will then issue an acknowledge and transmit the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition which 
causes the 24C32 to discontinue transmission (see 
Figure 6-2). 

s 

Data n o 

t ,----------A--
SDA Line DlJl [lTI 

,------A--i p 
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Bus Activity 
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6.3 Contiguous Addressing Across 
Multiple Devices 

The device select bits A2, A 1, AO can be used to 
expand the contiguous address space for up to 256K 
bits by adding up to eight 24C32's on the same bus. In 
this case, software can use AO of the control bvte as 
address bit A12, A1 as address bit A13, and A2 as 
address bit A 14. 

6.4 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24C32 transmits the first 
data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24C32 to transmit the 
next sequentially addressed 8 bit word. (See Figure 6-
3). Following the final byte transmitted to the master, 
the master will NOT generate an acknowledge but will 
generate a stop condition. 

FIGURE 6-2: RANDOM READ 

s 

a 

To provide sequential reads the 24C32 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The address pointer, however, 
will not roll over from address 07FFto address 0000. It 
will roll from 07FF to unused memory space. 

6.5 Noise Protection 

The SCL and SDA inputs have filter circuits which sup
press noise spikes to ensure proper device operation 
even on a noisy bus. All 1/0 lines incorporate Schmitt 
triggers for 400 kHz (Fast Mode) compatibility. 
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7.0 PAGE CACHE AND ARRAY 
MAPPING 

The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. 
Even ii a page is only partially loaded, it will still require 
the same cycle time as a full page. If more than 64 
bytes of data are loaded before the stop bit is given, the 
address pointer will 'wrap around' to the beginning of 
cache page 0 and existing bytes in the cache will be 
overwritten. The device will not respond to any com
mands while the write cycle is in progress. 

7.1 Cache Write Starting at a Page 
Boundary 

If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, (see 
Figure 8-1) a write command is initiated starting at byte 
O of page 3 with a fully loaded cache (64 bytes). The 
first byte in the cache is written to byte 0 of page 3 (of 
the array), with the remaining pages in the cache writ
ten to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 

7.2 Cache Write Starting at a Non-Page 
Boundary 

When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, 
the first byte loaded into the cache is always loaded 
into page 0. The byte within page O of the cache where 
the load begins is determined by the three least signif
icant address bits (A2, A 1, AO) that were sent as part of 
the write command. If the write command does not 
start at byte 0 of a page and the cache is fully loaded, 
then the last byte(s) loaded into the cache will roll 
around to page O of the cache and fill the remaining 
empty bytes. If more than 64 bytes of data are loaded 
into the cache, data already loaded will be overwritten. 
In the example shown in Figure 8-2, a write command 
has been initiated starting at byte 2 of page 3 in the 
array with a fully loaded cache of 64 bytes. Since the 
cache started loading at byte 2, the last two bytes 

© 1995 Microchip Technology Inc. 
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loaded into the cache will 'roll over' and be loaded into 
the first two bytes of page O (of the cache). When the 
stop bit is sent, page 0 of the cache is written to page 3 
of the array. The remaining pages in the cache are 
then loaded sequentially to the array. A write cycle is 
executed after each page is written. If a partially 
loaded page in the cache remains when the STOP bit 
is sent, only the bytes that have been loaded will be 
written to the array. 

7.3 Power Management 

fn1s design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the normal termination of any operation when a 
stop bit is received and all internal functions are com
plete. This includes any error conditions, ie. not receiv
ing an acknowledge or stop condition per the two-wire 
bus specification. The device also incorporates VDD 

monitor circuitry to prevent inadvertent writes (data cor
ruption) during low-voltage conditions. The Voo moni
tor circuitry is powered off when the device is in 
standby mode in order to further reduce power con
sumption. 

8.0 PIN DESCRIPTIONS 

8.1 AO, A 1, A2 Chip Address Inputs 

The AO .. A2 inputs are used by the 24C32 for multiple 
device operation and conform to the two-wire bus stan
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A 1, AO) in the control byte (see 
Figure 4-2). 

8.2 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 1 OKQ for 100 kHz, 1 Kn for 400 
kHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

8.3 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 8-1: CACHE WRITE TO THE.ARRAY STARTING AT A PAGE BOUNDARY 

CD Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. @ 64 bytes of data are loaded into cache. 

t cache page 0 

cache 
byte O 

cache 
byte 1 

cache 
byte 7 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

@ Write from cache into array initiated by STOP bit. 
@) Remaining pages in cache are written 

to sequential pages in array. 
Page 0 of cache written to page 3 of array. 
Write cycle is executed after every page is written. 

page O page 1 page 2 array row n 

array row n + 1 page 3 

@ Last page in cache written to page 2 in next row. 

FIGURE 8-2: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 

Last 2 bytes @ 
loaded into 
page 0 of cache. 

G) Write command initiated; 64 bytes of data 
loaded into cache starting at byte 2 of page 0. 

® Last 2 bytes loaded 'roll over 
to beginning. 

t 
cache 
byte 2 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

© Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. ® Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 

~ 

® Last 3 pages in cache written to next row in array. 
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24C32 Product Identification System 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24C32 - /P 

~·-·" p = Plastic DIP (300 mil Body), 8-lead 
SM = Plastic SOIC (207 mil Body, EIAJ standard) 

J Temperature Blank= 0°Cto+70°C 
l Range: I = -40°C to +85°C 

i Device: 24C32 32K CMOS Serial EEPROM (100 kHz/400 kHz) 
24C32T 32K CMOS Serial EEPROM (Tape and Reel) 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip"s Bulletin Board. via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature#) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 85C72/82/92 
1K/2K/4K 5.0V CMOS Serial EEPROM 

FEATURES 

• Low power CMOS technology 
• Two wire serial interface bus, 12C™ compatible 

• 5 volt only operation 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer 

• 1 ms write cycle time for single byte 
• 1,000,000 ERASE/WRITE cycles guaranteed 

• Data retention >40 years 

• 8-pin DIP or SOIC package 

• Available for extended temperature ranges: 

Commercial: 0°C to +70°C 
Industrial: -40°C to +85°C 

- Automotive: -40°C to +125°C 

85C72 85C82 

Organization 128x8 256x8 

Page Write 2 Bytes 2 Bytes 
Buffer 

DESCRIPTION 

85C92 

2x256x8 

8 Bytes 

The Microchip Technology Inc. 85C72/82/92 is a 1 Kl 
2K/4K bit Electrically Erasable PROM. The device is 
organized as shown with a two wire serial interface. 
Advanced CMOS technology allows a significant 
reduction in power over NMOS serial devices. The 
85C72/82/92 also has a page-write capability for up to 
8 bytes of data (see chart). Up to eight 85C72/82/92s 
may be connected to the two wire bus. The 85C72/82/ 
92 is available in standard 8-pin DIP and surface mount 
SOIC packages. 

12C is a trademark of Philips Corporation 

© 1995 Microchip Technology Inc. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1 Maximum Ratings• 

Vcc ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss ... -0.6V to Vee +1.0V 

Storage temperature .......................... -65'C to +150'C 

Ambient temp. with power applied ..... -65°C to+ 125'C 

Soldering temperature of leads (10 seconds) .. +300'C 

ESD protection on all pins .................................... .4 kV 

'Notice: Stresses above those listed under "Maximum ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

VCC= +SV (10%) Commercial 
Industrial 
Automotive 

Parameter Symbol Min Max 

Vee detector threshold VTH 2.8 4.5 

SCL and SDA pins: 
High level input voltage VIH Vccx 0.7 Vee+ 1 

Low level input voltage VIL -0.3 Vccx0.3 

Low level output voltage VOL 0.4 

AO, A 1 & A2 pins: 

High level input voltage VIH Vcc-0.5 Vee+ 0.5 

Low level input voltage VIL -0.3 0.5 

Input leakage current ILi - 10 

Output leakage current ILO - 10 

Internal capacitance CINT - 7.0 
(all inputs/outputs) 

Operating current lcco - 3.5 

4.25 

read cycle ICCR - 750 

Standby current Ices - 100 

Name Function 

AO,A1,A2 Chip Address Inputs 

Vss Ground 

SDA Serial Address/Data Input/Output 

SCL Serial Clock 

NC No Connect 

Vee +SV Power Supply 

(C): Tamb = o·c to +70'C 
(I): Tamb = -40'C to +85'C 
(E): Tamb = -40'C to 125'C 

Units Conditions 

v 

v 
v 
v IOL = 3.2 mA (SDA Only) 

v 
v 

µA VIN = ov TO Vee 

µA VOUT = ov TO Vee 

pF VtNNOUT = OV (Note 1) 
Tamb = +25'C, f = 1 MHz 

mA FCLK = 100 kHz, program cycle time= 1 ms, 
Vee= 5V, Tamb = O'C to +70'C 

mA FCLK = 100 kHz, program cycle time= 1 ms, 
Vee= 5V, Tamb = (I) and (E) 

µA Vee= 5V, Tamb = (C), (I) and (E) 

µA SDA=SCL=VCC=5V (no PROGRAM active) 

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

FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 

Parameter Symbol Min Typ Max Units Remarks 

Clock frequency FCLK - - 100 kHz 

Clock high time THIGH 4000 - - ns 

Clock low time TLOW 4700 - - ns 

SDA and SCL rise time TR - - 1000 ns 

SDA and SCL fall time TF - - 300 ns 

,... ..... A ..... ..,.. - - ·- -1~,1.~ - ·- 1- - I -1 ..L~ ·-- -

1nu:::>11-\. 4000 - - 115 After this peiiod the first -.:> IM.n I t.VI IUIUUll llUIU lllllt:t 

clock pulse is generated 

START condition setup time TSU:STA 4700 - - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - - ns 

Data input setup time Tsu:oAT 250 - - ns 

Data output delay time TPD 300 - 3500 ns Note 1 

STOP condition setup time Tsu:sro 4700 - - ns 

Bus free time TBUF 4700 - - ns Time the bus must be free 
before a new transmission 
can start 

Input filter time constant T1 - - 100 ns 
(SDA and SCL pins) 

Program cycle time Twc - .4 1 ms Byte Mode 
.4N N ms Page Mode, N =#of bytes 

to be written 

Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min
imum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

FIGURE 1-2: BUSTIMING DATA 

SCL 

SDA 
IN 

SDA 
OUT 
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2.0 FUNCTIONAL DESCRIPTION 
The 85C72/82/92 supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener
ates the START and STOP conditions, while the 
85C72/82/92 works as slave. Both, master and slave 
can operate as transmitter or receiver, but the master 
device determines which mode is activated. 

Up to eight 85C72/82/92s can be connected to the bus, 
selected by the AO, A1 and A2 chip address inputs. 
Other devices can be connected to the bus, but require 
different device codes than the 85C72/82/92 (refer to 
section Slave Address). 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1 ). 

3.1 Bus not Busy (Al 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (Bl 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (Cl 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (D) 

The state of the data line represents valid data when, 
after a start condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case the slave must leave the data line HIGH to enable 
the master to generate the STOP condition 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL ---+--'---

SDA 

ST ART CONDITION 
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4.0 SLAVE ADDRESS 
The chip address inputs AO, A 1 and A2 of each 85C72/ 
82/92 must be externally connected to either Vee or 
ground (Vss), assigning to each 85C72/82/92 a unique 
3-bit address. Up to eight 85C72/82/92s may be con
nected to the bus. Chip selection is then accomplished 
through software by setting the bits AO, A1 and A2 of 
the transmitted slave address to the corresponding 
hardwired logic levels of the selected 85C72/82/92. 

After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 85C72/82/92, followed by the chip 
address bits AO, A1 and A2. In the 85C92 the seventh 
bit of that byte (BA) is used to select the upper block 
(addresses 100 - 1 FF) or the lower block (000 - FFF) of 
the array. 

The eighth bit of slave address determines if the master 
device wants to read or write to the 85C72/82/92 (see 
Figure 4-1 ). 

The 85C72/82/92 monitors the bus for its correspond
ing slave address all the time. It generates an acknowl
edge bit if the slave address was true and it is not in a 
programming mode. 

FIGURE 4-1: SLAVE ADDRESS 
ALLOCATION 

START READ/WRITE 
/ "-.... 
l s:LAV~ AD~RES:s : IR/WI 
I \ 

I \ 
I \ 

I \ 

I 
\ 

I 0 0 A2 A1 AO 

A 

FIGURE 6-1: PROGRAM MODE (ERASE/WRITE) 

85C72/82/92 

5.0 BYTE PROGRAM MODE 
In this mode, the master sends addresses and one 
data by1e to the 85C72/82/92. 

Following the START condition, the device code (4·bit), 
the slave address (3-bit), and the R!W bit, which is logic 
LOW, are placed onto the bus by the master. This indi
cates to the addressed 85C72/82/92 that a byte with a 
word address will follow after it has generated an 
acknowledge bit. Therefore, the next byte transmitted 
by the master is the word address and will be written 
into the address pointer of the 85C72/82/92. After 
receiving the acknowledge of the 85C72/82/92, the 
master device transmits the data word to be written into 
the addressed memory location. The 85C72/82/92 
acknowledges again and the master generates a 
STOP condition. This initiates the internal program
ming cycle of the 85C72/82/92 (see Figure 6-1). 

6.0 PAGE PROGRAM MODE 
To program the 85C72/82/92, the master sends 
addresses and data to the 85C72/82/92 which is the 
slave (see Figure 6-1 ). This is done by supplying a 
START condition followed by the 4-bit device code, the 
3-bit slave address, and the R/W bit which is defined as 
a logic LOW for a write. This indicates to the addressed 
slave that a word address will follow so the slave out
puts the acknowledge pulse to the master during the 
ninth clock pulse. When the word address is received 
by the 85C72/82/92, it places it in the lower 8 bits of the 
address pointer defining which memory location is to 
be written. The 85C72/82/92 will generate an acknowl
edge after every 8 bits received and store them con
secutively in a 2-by1e RAM until a stop condition is 
detected which initiates the internal programming 
cycle. If more than 2 by1es are transmitted by the mas
ter, the 85C72/82/92 will terminate the wrtte cycle. This 
does not affect erase/write cycles of the EEPROM 
array. 

If the master generates a STOP condition after trans
mitting the first data word (Point 'P' on Figure 6-1 ), byte 
programming mode is entered. 

The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to two) data by1es will 
be written in a serial manner. 

The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max= 2). 

ACKNOWLEDGES FROM SLAVE 

START SLAVE 
ADDRESS 0 A WORD 

ADDRESS A DATA BYTE 1 A DATA BYTE N A STOP 
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85C72/82/92 

7.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 7-1 for flow dia
gram. 

FIGURE 7·1: ACKNOWLEDGE POLLING 
FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 

Send Start 

Send Control Byte 
with Piii = o 

Next 
Operation 

FIGURE 8-1: READ MODE 

8.0 READ MODE 
This mode illustrates master device reading data from 
the 85C72/82/92. 

As can be seen from Figure 8-1, the master first sets up 
the slave and word addresses by doing a write. 

During this period the 85C72/82/92 generates the nec
essary acknowledge btts as defined in the appropriate 
section. 

The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs 
the data from the addressed location on to the SDA pin, 
increments the address pointer and, if it receives an 
acknowledge from the master, will transmit the next 
consecutive byte. This autoincrement sequence is 
only aborted when the master sends a STOP condition 
instead of an acknowledge. 

ACKNOWLEDGES FROM SLAVE RECEIVER ACKNOWLEDGES FROM MASTER RECEIVER 

START STOP 

+ 
AUTO INCREMENT 
WORD ADDRESS 
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9.0 PIN DESCRIPTION 

9.1 AO. A1 and A2 Chip Address Inputs 

The levels on these inputs are compared with the cor
responding bits in the slave address. The chip is 
selected if the compare is true. For 85C92, AO is no 
function. 

Up to eight 85C72/82s or four 85C92s can be con
nected to the bus. 

These inputs must be connected to either Vss or Vee. 

9.2 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 10KW). For normal data trans
fer SDA is allowed to change only during SCL LOW. 
Changes during SCL HIGH are reserved for indicating 
the START and STOP conditions. 

9.3 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.4 NC No Connect 

This pin can be left open or used as a tie point. 

© 1995 Microchip Technology Inc. 
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85C72/82/92 

85C72/82/92 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

~-------_,J Temperature l Range: 

'-----------l Device: 

Sales and Support 

J = CERDIP (300 mil Body), 8-lead 
P = Plastic DIP (300 mil Body), 8-lead 

SM = Plastic SOIC (207 mil Body), 8-lead 
SL = Plastic SOIC 14-lead (85C92 only) 

Blank = 0°C to +70°C 
I = -40°C to +85°C 

E = -40°C to +125°C 

85C72 
85C72T 

85C82 
85C82 
85C92 

85C92T 

1 K CMOS Serial EE PROM 
1 K CMOS Serial EE PROM (Tape and Reel) 
2K CMOS Serial EEPROM 
2K CMOS Serial EEPROM (Tape and Reel) 
4K CMOS Serial EEPROM 
4K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 

93AA46/56/66 
93LC46/56/66 
93LC468/568/668 
93C06/46 
93C56/66 

SECTION 4 
MICROWIRETM SERIAL EEPROM 

PRODUCT SPECIFICATIONS 

1K/2K/4K 1.8V CMOS Serial EEPROM ............................................................. 4-1 
1 K/2K/4K 2.0V CMOS Serial EEPROM ........................................................... 4-11 
1 K/2K/4K 2.0V CMOS Serial EEPROM ........................................................... 4-21 
256 Bit/1 K 5.0V CMOS Serial EE PROM .......................................................... 4-31 
2K/4K 5.0V CMOS Serial EEPROM ................................................................. 4-39 
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MICROCHIP 93AA46/56/66 
1K/2K/4K 1.8V CMOS Serial EEPROM 

FEATURES 

• S!~g!e supp!y w!th pr0gra!'T'!~i~g 0r8r::~tion d0w~ 
to 1.8V 

• Low power CMOS technology 

- 70 µA typical active READ current at 1.8V 

- 2 µA typical standby current at 1.8V 

• ORG pin selectable memory configuration 

128 x 8 or 64 x 16 bit organization (93AA46) 

- 256x8or128x16 bit organization (93AA56) 

- 512 x 8 or 256 x 16 bit organization (93AA66) 

• Self-timed ERASE and WRITE cycles 
(including auto-erase) 

• Automatic ERAL before WRAL 

• Power on/off data protection circuitry 

• Industry standard 3-wire serial 1/0 

• Device status signal during ERASE/WRITE 
cycles 

• Sequential READ function 

• 10,000,000 ERASE/WRITE cycles guaranteed 
on 93AA56 and 93AA66 

• 1,000,000 E/W cycles guaranteed on 93AA46* 

• Data retention > 40 years 

• 8-pin PDIP/SOIC 
(SOIC in JEDEC and EIAJ standards) 

DESCRIPTION 

The Microchip Technology Inc. 93AA46/56/66 are 1 K, 
2K and 4K low voltage serial Electrically Erasable 
PROMs. The device memory is configured as x8 or 
x16 bits depending on the ORG pin setup. Advanced 
CMOS technology makes these devices ideal for low 
power non-volatile memory applications. The 93AA 
Series is available in standard 8-pin DIP and surface 
mount SOIC packages. The rotated pin-out 93AA46X/ 
56X/66X are offered in the "SN" package only. 

*Future: 10,000,000 cycles guaranteed 

© 1995 Microchip Technology Inc. 
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93AA46/56/66 

1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1 Maximum Ratings 

Vee ............................................................................ 7.0V 
All inputs and outputs w.r.t. Vss .......... -0.6V to Vee +1.0V 
Storage temperature ................................ -65'C to +150'C 
Ambient temp. with power applied ........... -65'C to +125'C 
Soldering temperature of leads (10 seconds) ........ +300'C 
ESD protection on all pins ......................................... 4 kV 

'Notice: Stresses above those listed under "Maximum ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Name 

cs 
CLK 

DI 

DO 

Vss 

ORG 

NU 

Vee 

TABLE 1-2: DC AND AC ELECTRICAL CHARACTERISTICS 

Vee=+ 1.BV to +5.5V 

Parameter Symbol Min Typ Max 

High level input voltage V1H1 2.0 - Vcc+1 

VIH2 0.7Vcc - Vcc+1 

Low level input voltage V1L1 -0.3 - 0.8 

Vu..2 -0.3 - o.2vcc 

Low level output voltage VoL1 - - 0.4 

VOL2 - - 0.2 

High level output voltage VoH1 2.4 - -
VOH2 Vcc-0.2 - -

Input leakage current lu -10 - 10 

Output leakage current ILO -10 - 10 

lntenal capacitance CINT - - 7 
(all inputs/outputs) 

Operating current Ice write - - 3 

Ice read - - 1 
500 

70 

Standby current Ices 100 
30 

2 
Clock frequency FCLK 

2 

Clock high time TCKH 250 1 

Clock low time TCKL 250 

Chip select setup time Tess 50 

Chip select hold time TCSH 0 

Chip select low time TCSL 250 

Data input setup time TDIS 100 

Data input hold time TDIH 100 

Data output delay time TPD 400 

Data output disable time Tcz 100 

Status valid time Tsv 500 
Program cycle time Twc 4 10 

TEC 8 15 

TWL 16 30 

Note 1: This parameter 1s tested at Tamb = 25°C and FCLK = 1 MHz. 
Note 2: This parameter is periodically sampled and not 100% tested. 
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Function 

Chip Select 

Serial Data Clock 

Serial Data Input 

Serial Data Output 

Ground 

Memory Configuration 

Not Utilized 

Power Supply 

Commercial (C): Tamb = o·c to +70'C 

Units Conditions 

v Vee <:2.5V 

v Vee <2.5V 

v Vcc<:2.5V 

v Vee <2.5V 

v IOL = 2.1 mA; Vee = 4.5V 

v IOL = 100µA; Vee = 1.BV 

v IOH = -400 µA; Vee= 4.5V 

v IOH = -100 µA; Vee= 1.BV 

µA VIN= 0.1V to Vee 

µA VOUT = 0.1V to Vee 

pF VINIVOUT = ov (Note 1 & 2) 
Tamb = +25'C, FCLK = 1 MHz 

mA FCLK=2 MHz; VCC=5.5V (Note 
2) 

mA FCLK = 2 MHz; Vee = 5.5V 
µA FCLK = 1 MHz; Vee = 3.0V 
µA FCLK = 1 MHz; Vee = 1 .BV 

µA CLK =cs = OV; Vee = 5.5V 
µA CLK = cs = OV; Vee = 3.0V 
µA CLK = cs = OV; Vee = 1 .BV 

MHz Vee <:4.5V 
MHz Vee <4.5V 

ns 

ns 

ns Relative to CLK 

ns Relative to CLK 

ns 

ns Relative to CLK 

ns Relative to CLK 

ns CL= 100pF 

ns CL= 100 pF (Note 2) 

ns CL= 100pF 

ms ERASE/WRITE mode 

ms ERAL mode (Vee = 5V ± 10%) 

ms WRAL mode (Vee= 5V ± 10%) 
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93AA46/56/66 
TABLE 1-3: INSTRUCTION SET FOR 93AA46: ORG = 1(X16 ORGANIZATION) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 A5A4A3A2A1 AO - D15-DO 25 

EWEN 1 00 1 1 x x x x - High-Z 9 

ERASE 1 11 A5A4A3A2A1 AO - (RDY/BSY) 9 

ERAL 1 00 1 0 x x x x - (RDY/BSY) 9 

WRITE 1 01 A5A4 A3A2A1 AO D15-DO (RDY/BSY) 25 
WRAL 1 00 0 1 x x x x D15-DO (RDY/BSY) 25 

EWDS 1 00 ooxxxx - High-Z 9 

TABLE 1-4: INSTRUCTION SET FOR 93AA46: ORG = 0 (X 8 ORGANIZATION) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 A6A5A4A3A2A1 AO - LJ7- LJO 18 

EWEN 1 00 1 1 x x x x x - High-Z 10 

ERASE 1 11 A6A5A4A3A2A1 AO - (RDY/BSY) 10 

ERAL 1 00 1 0 x x x x x - (RDY/BSY) 10 

WRITE 1 01 A6A5 A4A3A2A1 AO D7-DO (RDY/BSY) 18 

WRAL 1 00 0 1 x x x x x D7-DO (RDY/BSY) 18 
EWDS 1 00 ooxxxxx - High-Z 10 

TABLE 1-5: INSTRUCTION SET FOR 93AA56: ORG = 1(X16 ORGANIZATION) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

~EA_[)_ 1 10 XA6A5A4 A3 A2A1 AO D15 - DO 27 

EWEN 1 00 1 1 x x x x x x - High-Z 11 

ERASE 1 11 XA6A5A4A3A2A1 AO - (RDY/BSY) 11 
ERAL 1 00 1 oxxxxxx - (RDY/BSY) 11 

a 
WRITE 1 01 XA6A5A4A3A2A1 AO D15-DO (RDY/BSY) 27 

WRAL 1 00 0 1 x x x x x x D15-DO (RDY/BSY) 27 

EWDS 1 00 ooxxxxxx - High-Z 11 

TABLE 1-6: INSTRUCTION SET FOR 93AA56: ORG = 0 (X 8 ORGANIZATION) 
Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 XA7 A6A5A4A3A2A1 AO LJ7-Ll0 20 
EWEN 1 00 1 1 x x x x x x x - High-Z 12 
ERASE 1 11 XA7 A6A5A4A3A2 A1 AO - (RDY/BSY) 12 

ERAL 1 00 1 0 x x x x x x x - (RDY/BSY) 12 

WRITE 1 01 XA7 A6A5 A4A3A2 A1 AO D7-DO (RDY/BSY) 20 
WRAL 1 00 0 1 x x x x x x x D7-DO (RDY/BSY) 20 

EWDS 1 00 0 0 x x x x x x x - High-Z 12 

TABLE 1-7: INSTRUCTION SET FOR 93AA66: ORG = 1(X16 ORGANIZATION) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

I READ 1 10 A7A6A5A4A3A2A1 AO - D15-DO 27 
EWEN 1 00 1 1 x x x x x x - High-Z 11 
ERASE 1 11 A7 A6A5 A4 A3A2 A1 AO - (RDY/BSY) 11 

ERAL 1 00 1 oxxxxxx - (RDY/BSY) 11 
WRITE 1 01 A? A6A5A4A3A2A1 AO 015-DO (RDY/BSY) 27 

WRAL 1 00 0 1 x x x x x x D15-DO (RDY/BSY) 27 

EWDS 1 00 ooxxxxxx - High-Z 11 

TABLE 1-8: INSTRUCTION SET FOR 93AA66: ORG = 0 (X 8 ORGANIZATION) 

I nstructlon SB Opcode Address Data In Data out Req. CLK Cycles 

f11E"AlJ 1 10 A8A7A6A5A4A3A2A1 AO - -D7-DO 20 

EWEN 1 00 1 1 x x x x x x x - High-Z 12 

ERASE 1 11 A8A7 A6A5A4A3A2A1 AO - (RDY/BSY) 12 

ERAL 1 00 1 0 x x x x x x x - (RDY/BSY) 12 

WRITE 1 01 ASA? A6A5A4A3A2 A1 AO D7-DO (RDY/BSY) 20 
WRAL 1 00 0 1 x x x x x x x D7-DO (RDY/BSY) 20 

EWDS 1 00 ooxxxxxxx - High-Z 12 
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93AA46/56/66 

2.0 FUNCTIONAL DESCRIPTION 
When the ORG pin is connected to Vee, the (x16) orga
nization is selected. When it is connected to ground, 
the (x8) organization is selected. Instructions, 
addresses and write data are clocked into the DI pin on 
the rising edge of the clock (CLK). The DO pin is nor
mally held in a high-Z state except when reading data 
from the device, or when checking the READY/BUSY 
status during a programming operation. The ready/ 
busy status can be verified during an Erase/Write oper
ation by polling the DO pin; DO low indicates that pro
gramming is still in progress, while DO high indicates 
the device is ready. The DO will enter the high-Z state 
on the falling edge of the CS. 

2.1 START Condition 

The START bit is detected by the device if CS and DI 
are both HIGH with respect to the positive edge of CLK 
for the first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device oper
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standbymode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 

2.2 DVDO 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflicr to occur during the "dummy zero" 
that precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, 
the higher the voltage at the Data Out pin. 

2.3 Data Protection 

During power-up, all programming modes of operation 
are inhibited until Vee has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vee has fallen below 1.4V at nominal conditions. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during nor
mal operation. 

After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 
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3.0 READ 
The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or 8 bit 
(x8 organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable 
after the specified time delay (TPD). Sequential read is 
possible when CS is held high. The memory data will 
automatically cycle to the next register and output 
sequentially. 

4.0 ERASE/WRITE ENABLE AND 
DISABLE 

The 93AA46/56/66 power up in the Erase/Write Dis
able (EWDS) state. All programming modes must be 
preceded by an Erase/Write Enable (EWEN) instruc
tion. Once the EWEN instruction is executed, pro
gramming remains enabled until an EWDS instruction 
is executed or Vee is removed from the device. To pro
tect against accidental data disturb, the EWDS instruc
tion can be used to disable all Erase/Write functions 
and should follow all programming operations. Execu
tion of a READ instruction is independent of both the 
EWEN and EWDS instructions. 

5.0 ERASE 
The ERASE instruction forces all data bits of the spec
ified address to the logical "1' state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TesL). DO at logical "O" indicates that program
ming is still in progress. DO at logical "1' indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. 

The ERASE cycle takes 4 ms per word typical. 

6.0 WRITE 
The WRITE instruction is followed by 16 bits (or by 8 
bits) of data which are written into the specified 
address. After the last data bit is put on the DI pin, CS 
must be brought low before the next rising edge of the 
CLK clock. This falling edge of CS initiates the self
timed auto-erase and programming cycle. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire write cycle is com
plete. DO at logical 'O" indicates that programming is 
still in progress. DO at logical "1" indicates that the reg
ister at the specified address has been written with the 
data specified and the device is ready for another 
instruction. 

The WRITE cycle takes 4 ms per word typical. 
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7.0 ERASE ALL 
The ERAL instruction will erase the entire memory 
array to the logical "1" state. The ERAL cycle is identi
cal to the ERASE cycle except for the different opcode. 
The ERAL cycle is completely self-timed and com
mences at the falling edge of the CS. Clocking of the 
CLK pin is not necessary after the device has entered 
the self clocking mode. The ERAL instruction is guar
anteed at 5V ± 10%. 

The DO pin indicates the READY/BOSY status of the 
devics it CS is br:::ught high after 3 m!P.!rru..!!T! of 250 ~s 
low (TesL) and before the entire write cycle is com
plete. 

The ERAL cycle takes (8 ms typical). 

8.0 WRITE ALL 
The WRAL instruction will write the entire memory 
array with the data specified in the command. The 
WRAL cycle is completely self-timed and commences 
at the falling edge of the CS. Clocking of the CLK pin 
is not necessary after the device has entered the self 
clocking mode. The WRAL command does include an 
automatic ERAL cycle for the device. Therefore, the 
WRAL instruction does not require an ERAL instruction 
but the chip must be in the EWEN status. The WRAL 
instruction is guaranteed at 5V ± 10%. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TesL). 

The WRAL cycle takes 16 ms typical. 

9.0 PIN DESCRIPTION 

9.1 Chip Select (CS) 

A HIGH level selects the device. A LOW level dese
lects the device and forces it into standby mode. How
ever, a programming cycle which is already initiated 
and/or in progress will be completed, regardless of the 
CS input signal. If CS is brought LOW during a pro
gram cycle, the device will go into standby mode as 
soon as the programming cycle is completed. 

CS must be LOW for 250 ns minimum (TesL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

9.2 Serial Clock (CLK) 

The Serial Clock is used to synchronize the communi
cation between a master device and the 93AAXX. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 

CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin
ued anytime with respect to clock HIGH time (TeKH) 
and clock LOW time (TeKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 

© 1995 Microchip Technology Inc. 
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CLK is a "Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for START condition). 

CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 

After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (see instruc
tion set truth table). CLK and DI then become don't 
care inputs waiting for a new start condition to be 
detected. 

9.3 Data In (DI) 

Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 

9.4 Data Out (DO) 

Data Out is used in the READ mode to output data syn
chronously with the CLK input (TPD after the positive 
edge Of CLK). 

This pin also provides READY/BUSY status informa
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought HIGH after being LOW for minimum chip select 
LOW time (TesL) and an ERASE or WRITE operation 
has been initiated. 

The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE 
cycle. In all other cases DO is in the HIGH-Z mode. If 
status is checked after the WRITE/ERASE cycle, a 
pull-up resistor on DO is required to read the READY 
signal. 

9.5 Organization (ORG) 

When ORG is connected to Vee, the (x16) memory 
organization is selected. When ORG is tied to Vss, the 
(x8) memory organization is selected. ORG can only 
be floated for clock speeds of 1 MHz or less for the 
(x16) memory organization. For clock speeds greater 
than 1 MHz, ORG must be tied to Vee or Vss. 
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FIGURE 9-1: SYNCHRONOUS DATA TIMING 
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FIGURE 9-2: READ TIMING 
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Tri-State is a trademark of National Semiconductor. 

FIGURE 9-3: EWEN TIMING 

CLK 

0 0 

DS20067E-page 4-6 

TCKL 

Tcz 

STATUS VALID 

>-:-v-::\ 
.j'...__/\3~------------

© 1995 Microchip Technology Inc. 



93AA46/56/66 

FIGURE 9-4: EWDS TIMING 
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FIGURE 9-5: WRITE TIMING 
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FIGURE 9-7: ERASE TIMING 

TWC 

FIGURE 9-8: ERAL TIMING 

•Guaranteed at Vee= 5.0V ±10%. 
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NOTES 

I 
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93AA46/56/66 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

93AA46/56/66 - /P 

~ Package: 

.._ ___ --IJ Temperature 
I Range: 

Device: 

Sales and Support 

(x16) or (xB) 

p 
SN 
SM 

Blank 

93AA46/56/66 
93AA46/56/66X 

93AA46T/56T/66T 
93AA46XT/56XT/66XT 

Plastic DIP (300 mil Body), B-lead 
Plastic SOJC (150 mil Body), B-lead 
Plastic SOIC (207 mil Body), B-lead 

(93AA46/56/66) 

0°c to +70°C 

Configuration 
CMOS Serial EEPROM 
CMOS Serial EEPROM in alternate pinouts 
(SN package only) 
CMOS Serial EEPROM (Tape and Reel) 
CMOS Serial EE PROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board. via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 93LC46/56/66 
1K/2K/4K 2.0V CMOS Serial EEPROM 

FEATURES 

• Single suµpiy with progra1niT1irig operatior-1 do\1\in 
to 2.0V (Commercial only) 

• Low power CMOS technology 
- 1 mA active current typical 
- 5 µA standby current (typical) at 3.0V 

• ORG pin selectable memory configuration 
128 x 8 or 64 x 16 bit organization (93LC46) 

- 256 x 8 or 128 x 16 bit organization (93LC56) 
- 512 x 8 or 256 x 16 bit organization (93LC66) 

• Self-timed ERASE and WRITE cycles 
(including auto-erase) 

• Automatic ERAL before WRAL 
• Power on/off data protection circuitry 
• Industry standard 3-wire serial 110 
• Device status signal during ERASE/WRITE 

cycles 
• Sequential READ function 
• 10,000,000 ERASE/WRITE cycles guaranteed 

on 93LC56 and 93LC66 

• 1,000,000 E/W cycles guaranteed on 93LC46* 

• Data retention > 40 years 
• 8-pin PDIP/SOIC and 14-pin SOIC package 

(SOIC in JEDEC and EIAJ standards) 
• Available for extended temperature ranges: 

Commercial: O'Cto +70'C 
- Industrial: -40'C to +85'C 

PACKAGE TYPE 

DIP Package 

cs Vee cs 

CLK NU CLK 

DI ORG DI 

DO Vss DO 

93LC46 
93LC56 
93LC66 

93LC46 
93LC56 
93LC66 

**Future: 10,000,000 E/W cycles guaranteed 

© 1995 Microchip Technology Inc. 

Vee 

NU 

ORG 

Vss 

NU 

Vee 

cs 

CLK 

DESCRIPTION 

The Mic10chip Technology inc. 93LC46/56/66 are 1 K, 
2K and 4K low voltage serial Electrically Erasable 
PROMs. The device memory is configured as x8 or 
x16 bits depending on the ORG pin setup. Advanced 
CMOS technology makes these devices ideal for low 
power non-volatile memory applications. The 93LC 
Series is available in standard 8-pin DIP and 8/14-pin 
surface mount SOIC packages. The 93LC46X/56X/ 
66X are offered in "SN" package only. 

BLOCK DIAGRAM 

DI 

CLK 

Vee Vss 

MEMORY 
ARRAY 

MODE 
DECODE 

LOGIC 

CLOCK 
GENERATOR 

SOIC Packages 

ORG 

Vss 

DO 

DI 

93LC46X 
93LC56X 
93LC66X 

NC 

cs 

CLK 

NC 

DI 

DO 

NC 

OUTPUT 
BUFFER 

93LC56 
93LC66 

DO 

NC 

Vee 

NU 

NC 

ORG 

Vss 

NC 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

Maximum Ratings* 

Vee ........................................................................ 7.0V 
All inputs and outputs w.r.t. Vss .... -0.6V to Vee +1.0V 
Storage temperature .......................... -65°C to +150°C 
Ambient temp. with power applied ..... -65°C to +125°C 
Soldering temperature of leads (1 O seconds) .. +300°C 
ESD protection on all pins .................................... .4 kV 

'Notice: Stresses above those listed under "Maximum ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Name 

cs 

CLK 

DI 

DO 

Vss 

ORG 

NU 

NC 

Vee 

Function 

Chip Select 

Serial Data Clock 

Serial Data Input 

Serial Data Output 

Ground 

Memory Configuration 

Not Utilized 

No Connect 

Power Supply 

TABLE 1-2: DC AND AC ELECTRICAL CHARACTERISTICS 
Commercial Vee= +2.0V to +6.0V 
Industrial Vee= +2.5V to +6.0V 

Parameter Symbol Min. Max. 

High level input voltage VIH1 2.0 Vee +1 

VIH2 0.7 Vee Vee +1 

Low level input voltage VIL1 -0.3 0.8 

VIL2 -0.3 0.2 Vee 

Low level output voltage VOL1 - 0.4 

VOL2 - 0.2 

High level output voltage VOH1 2.4 -
VOH2 Vcc-0.2 -

Input leakage current Ill -10 10 

Output leakage current ILO -10 10 

Internal capacitance Ci NT - 7 
(all inputs/outputs) 

Operating current Ice write - 3 

Ice read - 1 
500 

Standby current Ices - 100 
30 

Clock frequency FCLK - 2 
1 

Clock. high time TCKH 250 -
Clock low time TCKL 250 -
Chip select setup time Tess 50 -
Chip select hold time TCSH 0 -
Chip select low time TCSL 250 -
Data input setup time TDIS 100 -
Data input hold time TDIH 100 -
Data output delay time TPD - 400 

Data output disable time Tcz - 100 

Status valid time Tsv - 500 

Program cycle time Twc - 10 

TEC - 15 

TWL - 30 

Note 1: This parameter is tested at Tamb = 25°C and FCLK = 1 MHz. 
Note 2: Typical program cycle time is 4 ms per word. 
Note 3: This parameter is periodically sampled and not 100% tested. 

DS11168H-page 4-12 

(C): Tamb= o·c to+70°C 
(I): Tamb = -4o·c to +85°C 

Units Conditions 

v Vee ~2.5V 

v Vee <2.5V 

v Vee ~2.5V 

v Vee <2.5V 

v IOL = 2.1 mA; Vee = 4.5V 

v loL =100 µA; Vee= Vee Min. 

v loH = -400 µA; Vee = 4.5V 

v !OH= -100 µA; Vee= Vee Min. 

µA VIN= 0.1V to Vee 

µA Vour = 0.1V to Vee 

pF V1N/Vour = o V (Note 1 & 3) 
Tamb = +25°C, FeLK = 1 MHz 

mA FCLK = 2 MHz; Vee= 6.0V (Note 3) 

mA FCLK = 2 MHz; Vee= 6.0V 
µA FcLK = 1 MHz; Vee= 3.0V 

µA CLK = CS = OV; Vee = 6.0V 
µA CLK = CS = OV; Vee = 3.0V 

MHz Vcc~4.5V 

MHz Vee <4.5V 

ns 

ns 

ns Relative to CLK 

ns Relative to CLK 

ns 

ns Relative to CLK 

ns Relative to CLK 

ns CL= 100 pF 

ns CL= 100 pF (Note 3) 

ns CL= 100 pF 

ms ERASE/WRITE mode (Note 2) 

ms ERALmode 

ms WRALmode 
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TABLE 1-3: INSTRUCTION SET FOR 93LC46: ORG = 1(X16 ORGANIZATION) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 AS A4 A3 A2 A1 AO - D1S-DO 2S 
EWEN 1 00 1 1 x x x x - High-Z 9 
ERASE 1 11 ASA4A3A2A1 AO - (RDY !El"SY) g 

ERAL 1 00 1 0 x x x x - (RD Y !El"SY) g 

~I.TE 1 01 ASA4 A3 A2 A1 AO D1S-DO (RDY/-gs'f) 2S 
WRAL 1 00 0 1 x x x x D1S-DO (RDY/-gs'f) 2S 
EWDS 1 00 0 0 x x x x - High-Z 9 

TABLE 1-4: INSTRUCTION SET FOR 93LC46: ORG = 0 (X 8 ORGANIZATION) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 A6 AS A4 A3 A2 A1 AO - D7-DO 18 
EWEN 1 00 1 1 x x x x x - High-Z 10 
ERASE 1 11 A6ASA4A3A2A1 AO - (RDY/-gs'f) 10 
ERAL 1 00 1 0 x x x x x - (RDY/-gs'f) 10 
WRITE 1 01 A6 AS A4 A3 A2 A1 AO D7-DO ( RDY iBS'i') 18 
WRAL 1 00 0 1 x x x x x D7-DO ( RDY /BSY) 18 
EWDS 1 00 ooxxxxx - High-Z 10 

TABLE 1-5: INSTRUCTION SET FOR 93LC56: ORG = 1(X16 ORGANIZATION) 

I Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 XA6AS A4 A3 A2 A1 AO - D1S-DO 27 
EWEN 1 00 1 1 x x x x x x - High-Z 11 
ERASE 1 11 XA6AS A4 A3 A2 A1 AO - (RDY!El"SY) 11 
ERAL 1 00 1 0 x x x x x x - (RDY/BSY) 11 
WRITE 1 01 XA6ASA4A3A2A1 AO D1S-DO (RDY/BSY) 27 
WRAL 1 00 0 1 x x x x x x D1S-DO (RDY/-gs'f) 27 
EWDS 1 00 0 0 x x x x x x - High-Z 11 

TABLE 1-6: INSTRUCTION SET FOR 93LC56: ORG = 0 (X 8 ORGANIZATION) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 XA7 A6ASA4A3A2A1 AO - D7-DO 20 
EWEN 1 00 1 1 x x x x x x x - High-Z 12 
ERASE 1 11 XA7 A6ASA4A3A2A1 AO - (RDY/BSY) 12 
ERAL 1 00 1 0 x x x x x x x - (RDY!El"SY) 12 
WRITE 1 01 XA7 A6ASA4A3A2A1 AO D7-DO ( R DY iBS'i') 20 
WRAL 1 00 0 1 x x x x x x x D7-DO (RDY !El"SY) 20 
EWDS 1 00 0 0 x x x x x x x - High-Z 12 

TABLE 1-7: INSTRUCTION SET FOR 93LC66: ORG = 1(X16 ORGANIZATION) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 A7 A6ASA4 A3A2A1 AO - D1S-DO 27 
EWEN 1 00 1 1 x x x x x x - High-Z 11 
ERASE 1 11 A7 A6ASA4A3A2A1 AO - (RDY/BSY) 11 
ERAL 1 00 1 0 x x x x x x - (RDY/BSY) 11 
WRITE 1 01 A7 A6ASA4A3A2A1 AO D1S-DO (RDY/BSY) 27 
WRAL 1 00 0 1 x x x x x x D1S-DO (RDY/BSY) 27 
EWDS 1 00 0 0 x x x x x x - High-Z 11 

TABLE 1-8: INSTRUCTION SET FOR 93LC66: ORG = 0 (X 8 ORGANIZATION) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 AB A7 A6 AS A4 A3 A2A1 AO - D7-DO 20 
EWEN 1 00 1 1 x x x x x x x - High-Z 12 
ERASE 1 11 AB A7 A6 AS A4A3 A2 A1 AO - (RDY/BS'i') 12 
ERAL 1 00 1 0 x x x x x x x - (RDYIBS'i') 12 
WRITE 1 01 ASA? A6 ASA4 A3 A2 A1 AO D7-DO (RDY/BS'i') 20 
WRAL 1 00 0 1 x x x x x x x D7-DO (RDY IBS'i') 20 
EWDS 1 00 0 0 x x x x x x x - High-Z 12 
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2.0 FUNCTIONAL DESCRIPTION 
When the ORG pin is connected to Vee, the (x16) orga
nization is selected. When it is connected to ground, 
the (xS) organization is selected. Instructions, 
addresses and write data are clocked into the DI pin on 
the rising edge of the clock (CLK). The DO pin is nor
mally held in a high-Z state except when reading data 
from the device, or when checking the READY/BUSY' 
status during a programming operation. The ready/ 
busy status can be verified during an Erase/Write oper
ation by polling the DO pin; DO low indicates that pro
gramming is still in progress, while DO high indicates 
the device is ready. The DO will enter the high-Z state 
on the falling edge of the CS. 

2.1 START Condition 

The START bit is detected by the device if CS and DI 
are both HIGH with respect to the positive edge of CLK 
for the first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device oper
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 

2.2 DI/DO 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the "dummy zero" 
that precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, 
the higher the voltage at the Data Out pin. 

2.3 Data Protection 

During power-up, all programming modes of operation 
are inhibited until Vee has reached a level greaterthan 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vee has fallen below 1.4V at nominal conditions. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during nor
mal operation. 

After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 

DS11168H-page 4-14 

3.0 READ 
The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or S bit 
(xS organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable 
after the specified time delay (TPD). Sequential read is 
possible when CS is held high. The memory data will 
automatically cycle to the next register and output 
sequentially. 

4.0 ERASE/WRITE ENABLE AND 
DISABLE 

The 93LC46/56/66 powers up in the Erase/Write Dis
able (EWDS) state. All programming modes must be 
preceded by an Erase/Write Enable (EWEN) instruc
tion. Once the EWEN instruction is executed, pro
gramming remains enabled until an EWDS instruction 
is executed or Vee is removed from the device. To pro
tect against accidental data disturb, the EWDS instruc
tion can be used to disable all Erase/Write functions 
and should follow all programming operations. Execu
tion of a READ instruction is independent of both the 
EWEN and EWDS instructions. 

5.0 ERASE 
The ERASE instruction forces all data bits of the spec
ified address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the seH-timed programming 
cycle. 

The DO pin indicates the READVIBOSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TcsL). DO at logical "O" indicates that program
ming is still in progress. DO at logical "1" indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. 

The ERASE cycle takes 4 ms per word (Typical). 

6.0 WRITE 
The WRITE instruction is followed by 16 bits (or by S 
bits) of data which are written into the specified 
address. After the last data bit is put on the DI pin, CS 
must be brought low before the next rising edge of the 
CLK clock. This falling edge of CS initiates the self
timed auto-erase and programming cycle. 

The DO pin indicates the READVIBOSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire write cycle is com
plete. DO at logical "O" indicates that programming is 
still in progress. DO at logical "1" indicates that the reg
ister at the specified address has been written with the 
data specified and the device is ready for another 
instruction. 

The WRITE cycle takes 4 ms per word (Typical). 
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7.0 ERASE ALL 
The ERAL instruction will erase the entire memory 
array to the logical "1" state. The ERAL cycle is identi
cal to the ERASE cycle except for the different opcode. 
The ERAL cycle is completely self-timed and com
mences at the falling edge of the CS. Clocking of the 
CLK pin is not necessary after the device has entered 
the self clocking mode. The ERAL instruction is guar
anteed at Vee = +4.5V to +6.0V. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 2'>0 ns 

low (TcsL) and before the entire write cycle is com
plete. 

The ERAL cycle takes 15 ms maximum (8 ms typical). 

8.0 WRITE ALL 
The WRAL instruction will write the entire memory 
array with the data specified in the command. The 
WRAL cycle is completely self-timed and commences 
at the falling edge of the CS. Clocking of the CLK pin 
is not necessary after the device has entered the self 
clocking mode. The WRAL command does include an 
automatic ERAL cycle for the device. Therefore, the 
WRAL instruction does not require an ERAL instruction 
but the chip must be in the EWEN status. The WRAL 
instruction is guaranteed at Vee = +4.5V to +6.0V. 

The DO pin indicates the READY/BOSV status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 

The WRAL cycle takes 30 ms maximum (16 ms typi
cal). 

9.0 PIN DESCRIPTION 

9.1 Chip Select (CS) 

A HIGH level selects the device. A LOW level dese
lects the device and forces it into standby mode. How
ever, a programming cycle which is already initiated 
and/or in progress will be completed, regardless of the 
CS input signal. If CS is brought LOW during a pro
gram cycle, the device will go into standby mode as 
soon as the programming cycle is completed. 

CS must be LOW for 250 ns minimum (TcsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

9.2 Serial Clock (CLK) 

The Serial Clock is used to synchronize the communi
cation between a master device and the 93LCXX. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 

CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin
ued anytime with respect to clock HIGH time (TCKH) 
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and clock LOW time (TCKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 

CLK is a "Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for START condition). 

CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 

After detectic!1 ()f e start ccr:diticr: 1hs specified number 
of clock cycles (respectively LOW to HIGH transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (see instruc
tion set truth table). CLK and DI then become don't 
care inputs waiting for a new start condition to be 
detected. 

9.3 Data In {DI) 

Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 

9.4 Data Out CDO) 

Data Out is used in the READ mode to output data syn
chronously with the CLK input {TPD after the posttive 
edge of CLK). 

This pin also provides READY/lffiS'il' status informa
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought HIGH after being LOW for minimum chip select 
LOW time (TcsL) and an ERASE or WRITE operation 
has been initiated. 

The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE 
cycle. In all other cases DO is in the HIGH-Z mode. If 
status is checked after the WRITE/ERASE cycle, a 
pull-up resistor on DO is required to read the READY 
signal. 

9.5 Organization (ORG) 

When ORG is connected to Vee or floated, the (x16) 
memory organization is selected. When ORG is tied to 
Vss, the (x8) memory organization is selected. ORG 
can only be floated for clock speeds of 1 MHz or less 
for the (X16) memory organization. For clock speeds 
greater than 1 MHz, ORG must be tied to Vee or Vss. 
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FIGURE 9-1: SYNCHRONOUS DATA TIMING 
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Tri-State is a trademark of National Semiconductor. 

FIGURE 9-3: EWEN TIMING 
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FIGURE 9-4: EWDS TIMING 
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FIGURE 9-7: ERASE TIMING 
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NOTES 

I 
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93LC46/56/66 

93LC46/56/66 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

93LC46/56/66 - IP 

~'·~' 
p = Plastic DIP (300 mil Body), 8-lead 

SN = Plastic SOIC (150 mil Body), 8-lead 
SM = Plastic SOIC (207 mil Body), 8-lead 
SL = Plastic SOIC (150 mil Body), 14-lead 

Temperature Blank = 0°c to +70°C 
Range: I = -40°C to +85°C 

Device: Configuration 
93LC46/56/66 CMOS Serial EEPAOM 
93LC56/X/66X CMOS Serial EEPROM in alternate 

pinouts (SN package only) 
93LC46T/56T/66T CMOS Serial EEPROM (Tape and Reel) 
93LC56XT/66XT CMOS Serial EEPROM (Tape and Reel) 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT recuired). 

Please specify which device, revision of silicon and Data Sheet (include Literature#) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 93LC46B/56B/66B 
1K/2K/4K 2.0V CMOS Serial EEPROM 

FEATURES 

• Single supply with programming operation down 
lo 2.0V (Commerciai onlyj 

• Low power CMOS technology 
- 1 mA active current typical 
- 5 µA standby current (typical) at 3.0V 

• x16 bit organization 
• 64x16 (93LC46B) 
• 128x16 (93LC56B) 
• 256x16 (93LC66B) 
• Self-timed ERASE and WRITE cycles 

(including auto-erase) 
• Automatic ERAL before WRAL 
• Power on/off data protection circuitry 
• Industry standard 3-wire serial 1/0 
• Device status signal during ERASE/WRITE 

cycles 
• Sequential READ function 
• 10,000,000 ERASE/WRITE cycles guaranteed 

on 93LC56B and 93LC66B 
• 1,000,000 E/W cycles guaranteed on 93LC46B* 

• Data retention > 40 years 
• 8-pin PDIP/SOIC and 14-pin SOIC package 

(SOIC in JEDEC and EIAJ standards) 
• Available for extended temperature ranges: 

- Commercial: 0°C to +70'C 
- Industrial: -40'C to +85'C 

PACKAGE TYPE 

DIP Package 

cs Vee cs 

CLK NU CLK 

DI NC DI 

DO Vss DO 

93LC46B 93LC46B 
93LC56B 93LC56B 
93LC66B 93LC66B 

**Future: 10,000,000 E/W cycles guaranteed 

© 1995 Microchip Technology Inc. 

Vee NU 

NU Vee 

NC cs 

Vss CLK 

DESCRIPTION 

The Microchip Technology Inc. 93LC46B/56B/66B are 
1 K, 2K and 4K low voltage serial Electrically Erasable 
PROMs. The device memory is configured as x16. 
Advanced CMOS technology makes these devices 
ideal for low power non-volatile memory applications. 
The 93LC Series is available in standard 8-pin DIP and 
8/14-pin surface mount SOIC packages. 

BLOCK DIAGRAM 
Vee Vss 

MEMORY 
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DATA REGISTER 

DI 
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DECODE 

cs LOGIC 
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GENERATOR 
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NC 11 NC 

DI 10 NC 
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93LC468/56B/668 

1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1 Maximum Ratings* 

Vcc ........................................................................ 7.0V 
All inputs and outputs w.r.t. Vss ... -0.6V to Vee +1.0V 
Storage temperature ..... : .................... -65'C to +150'C 
Ambient temp. with power applied ..... -ss·c to+ 12s·c 
Soldering temperature ot leads (10 seconds) .. +300'C 
ESD protection on all pins .................................... .4 kV 
*NoUce: Stresses above those listed under "Maximum ratings• 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Name 

cs 

CLK 

DI 

DO 

Vss 

NC 

NU 

Vee 

Function 

Chip Select 

Serial Data Clock 

Serial Data Input 

Serial Data Output 

Ground 

No Connect 

Not Utilized 

Power Supply 

TABLE 1-2: DC AND AC ELECTRICAL CHARACTERISTICS 
Commercial (C): Vee = +2.0V to +6.0V (C): Tamb = o·c to +70'C 
Industrial (I): Vee= +2.5V to +6.0V (I): Tamb = -40"C to +85'C 

Parameter Symbol Min Max Units Conditions 

High level input voltage VIH1 2.0 Vee+ 1 v Vcc~2.5V 

VIH2 0.7Vee Vee+1 v VCC<2.5V 

Low level input voltage VIL1 -0.3 0.8 v Vee ~2.5V 

VIL2 -0.3 0.2Vcc v Vee<2.5V 

Low level output voltage VOL1 - 0.4 v loL = 2.1 mA; Vee = 4.5V 

VoL2 - 0.2 v loL = 100 µA; Vee = Vee Min. 

High level output voltage VoH1 2.4 - v IOH = -400 µA; Vee " 4.5V 

VoH2 Vcc-0.2 - v IOH = -100 µA; Vee= Vee Min. 

Input leakage current ILi -10 10 µA VIN= 0.1Vto Vee 

Output leakage current ILO -10 10 µA VouT = 0.1V to Vee 

Internal capacitance CiNT - 7 pF ViNNOUT = 0 v (Note 1 & 3) 
(all inputs/outputs) Tamb = +25'C, FcL.K = 1 MHz 

Operating current Ice write - 3 mA FcLK = 2 MHz; Vee = 6.0V (Note 3) 

Ice read - 1 mA FcLK = 2 MHz; Vee = 6.0V 
500 µA FcL.K = 1 MHz; Vee = 3.0V 

Standby current Ices - 100 µA CLK = CS = OV; Vee = 6.0V 
30 µA CLK = CS = OV; Vee = 3.0V 

Clock frequency FCLK - 2 MHz Vcc~4.5V 

1 MHz Vee<4.5V 

Clock high time TCKH 250 - ns 

Clock low time TCKL 250 - ns 

Chip select setup time Tess 500 - ns Relative to CLK 

Chip select hold time TCSH 0 - ns Relative to CLK 

Chip select low time TCSL 250 - ns 

Data input setup time TDIS 100 - ns Relative to CLK 

Data input hold time TDIH 100 - ns Relative to CLK 

Data output delay time TPD - 400 ns CL= 100 pF 

Data output disable time Tcz - 100 ns CL= 100 pF (Note 3) 

Status valid time Tsv - 500 ns CL= 100 pF 

Program cycle time Twc - 10 ms ERASE/WRITE mode (Note 2) 

TEC - 15 ms ERALmode 

TWL - 30 ms WRALmode 

Note 1: This parameter 1s tested at tamb = 25'C and FcLK = 1 MHz. 
Note 2: Typical program cycle time is 4 ms per word. 
Note 3: This parameter is periodically sampled and not 100% tested. 
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93LC46B/56B/66B 

TABLE 1-3: INSTRUCTION SET FOR 93LC46B 

Instruction SB Opcode Address Data In Data Out 
Req.CLK 
Cycles 

READ 1 10 AS A4 A3 A2 A 1 AO - D1S - DO 2S 

EWEN 1 00 1 1 x x x x - High-Z 9 

ERASE 1 11 ASA4A3A2A1 AO - (RDY/BS'i') 9 

ERAL 1 00 1 0 x x x x - (RDY/BSY) 9 

WRITE 1 01 AS A4 A3 A2 A1 AO D1S - DO (RDY/BSV) 2S 

WRAL 1 00 0 1 x x x x D1S - DO (RDY/BSY) 2S 

EWDS 1 00 ooxxxx - High-Z 9 

TABLE 1-4: INSTRUCTION SET FOR 93LC56B 

Instruction SB Opcode Address Data In Data Out 
Req.CLK 
Cycles 

READ 1 10 XA6ASA4A3A2A1 AO - D1S - DO 27 

EWEN 1 00 1 1 x x x x x x - High-Z 11 
ERASE 1 11 XA6ASA4A3A2A1 AO - (RDY/BSY) 11 

ERAL 1 00 1 0 x x x x x x - (RDY/BSV) 11 

WRITE 1 01 XA6 AS A4 A3 A2 A1 AO D15 - DO (RDY/BSY) 27 

WRAL 1 00 0 1 x x x x x x D15 - DO (RDY/BSV) 27 

EWDS 1 00 0 0 x x x x x x - High-Z 11 
I 

TABLE 1-5: INSTRUCTION SET FOR 93LC66B 
-, --------- ---

Instruction SB Opcode Address Data In Data Out 
Req. CLK 
Cycles 

-- -

READ 1 10 A7 A6A5A4A3A2A1 AO - D15- DO 27 
-

EWEN 1 00 1 1 x x x x x x - High-Z 11 

ERASE 1 11 A7 A6A5A4A3A2A1 AO - (RDY/BSY) 11 

ERAL 1 00 1 0 x x x x x x - (RDY/BSY) 11 
WRITE 1 01 A7 A6A5A4A3A2A1 AO D15 - DO (RDY/BSY) 27 

WRAL 1 00 0 1 x x x x x x D15- DO (RDY/BSY) 27 

EWDS 1 00 0 0 x x x x x x - High-Z 11 
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2.0 FUNCTIONAL DESCRIPTION 
Instructions, addresses and write data are clocked into 
the DI pin on the rising edge of the clock (CU<). The 
DO pin is normally held in a high-Z state except when 
reading data from the device, or when checking the 
ready/busy status during a programming operation. 
The ready/busy status can be verified during an Erase/ 
Write operation by polling the DO pin; DO low indicates 
that programming is still in progress, while DO high 
indicates the device is ready. The DO will enter the 
high-Z state on the falling edge of the CS. 

2.1 START Condition 

The START bit is detected by the device if CS and DI 
are both HIGH with respect to the positive edge of CLK 
for the first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device oper
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 

2.2 DVDO 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the "dummy zero" 
that precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, 
the higher the voltage at the Data Out pin. 

2.3 Data Protection 

During power-up, all programming modes of operation 
are inhibited until Vee has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vee has fallen below 1.4V at nominal conditions. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during nor
mal operation. 

After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 
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3.0 READ 
The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) output 
string. The output data bits will toggle on the rising 
edge of the CLK and are stable after the specified time 
delay (TPD). Sequential read is possible when CS is 
held high. The memory data will automatically cycle to 
the next register and output sequentially. 

4.0 ERASE/WRITE ENABLE AND 
DISABLE 

The 93LC46B/56B/66B powers up in the Erase/Write 
Disable (EWDS) state. All programming modes must 
be preceded by an Erase/Write Enable (EWEN) 
instruction. Once the EWEN instruction is executed, 
programming remains enabled until an EWDS instruc
tion is executed or Vee is removed from the device. To 
protect against accidental data disturb, the EWDS 
instruction can be used to disable all Erase/Write func
tions and should follow all programming operations. 
Execution of a READ instruction is independent of both 
the EWEN and EWDS instructions. 

5.0 ERASE 
The ERASE instruction forces all data bits of the spec
ified address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 

The DO pin indicates the READY/BOS? status of the 
device if CS is brought high after a minimum of 250 ns 
low (TcsL). DO at logical "O" indicates that program
ming is still in progress. DO at logical "1" indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. 

The ERASE cycle takes 4 ms per word (Typical). 

6.0 WRITE 
The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. After the 
last data bit is put on the DI pin, CS must be brought 
low before the next rising edge of the CLK clock. This 
falling edge of CS initiates the self-timed auto-erase 
and programming cycle. 

The DO pin indicates the READY/BOS? status of the 
device if CS is brought high after a minimum of 250 ns 
low (TcsL) and before the entire write cycle is com
plete. DO at logical "O" indicates that programming is 
still in progress. DO at logical "1" indicates that the reg
ister at the specified address has been written with the 
data specified and the device is ready for another 
instruction. 

The WRITE cycle takes 4 ms per word (Typical). 

© 1995 Microchip Technology Inc. 



7.0 ERASE ALL 
The ERAL instruction will erase the entire memory 
array to the logical "1" state. The ERAL cycle is identi
cal.to the ERASE cycle except for the different opcode. 
The ERAL cycle is completely self-timed and com
mences at the falling edge of the CS. Clocking of the 
CLK pin is not necessary after the device has entered 
the self clocking mode. The ERAL instruction is guar
anteed at Vee= +4.5V to +6.0V. 

The DO pin indicates the READY/ffiJSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TeSL) and before the entire write cycle is com
plete. 

The ERAL cycle takes 15 ms maximum (8 ms typical). 

8.0 WRITE ALL 
The WRAL instruction will write the entire memory 
array with the data specified in the command. The 
WRAL cycle is completely self-timed and commences 
at the falling edge of the CS. Clocking of the CLK pin 
is not necessary after the device has entered the self 
clocking mode. The WRALcommand does include an 
automatic ERAL cycle for the device. Therefore, the 
WRAL instruction does not require an ERAL instruction 
but the chip must be in the EWEN status. The WRAL 
instruction is guaranteed at Vee= +4.5V to +6.0V. 

The DO pin indicates the READY/ffiJSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TeSL). 

The WRAL cycle takes 30 ms maximum (16 ms typi
cal). 

9.0 PIN DESCRIPTION 

9.1 Chip Select (CS) 

A HIGH level selects the device. A LOW level dese
lects the device and forces it into standby mode. How
ever, a programming cycle which is already initiated 
and/or in progress will be completed, regardless of the 
CS input signal. If CS is brought LOW during a pro
gram cycle, the device will go into standby mode as 
soon as the programming cycle is completed. 

CS must be LOW for 250 ns minimum (TesL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

9.2 Serial Clock (CLK) 

The Serial Clock is used to synchronize the communi
cation between a master device and the 93LCXXB. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 

CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin
ued anytime with respect to clock HIGH time (TeKH) 

© 1995 Microchip Technology Inc. 
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and clock LOW time (TeKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 

CLK is a "Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for START condition). 

CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 

After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (see instruc
tion set truth table). CLK and DI then become don't 
care inputs waiting for a new start condition to be 
detected. 

9.3 Data In (DI) 

Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 

9.4 Data Out (DO) 

Data Out is used in the READ mode to output data syn
chronously with the CLK input {TPD after the positive 
edge of CLK). 

This pin also provides READY/!308? status informa
tion during ERASE and WRITE cycles. READY/BLIB'i' 
status information is available on the DO pin if CS is 
brought HIGH after being LOW for minimum chip select 
LOW time (TesL) and an ERASE or WRITE operation 
has been initiated. 

The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE 
cycle. In all other cases DO is in the HIGH-Z mode. If 
status is checked after the WRITE/ERASE cycle, a 
pull-up resistor on DO is required to read the READY 
signal. 
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93LC46B/56B/66B 

FIGURE 9·1: SYNCHRONOUS DATA TIMING 
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FIGURE 9-4: EWDS TIMING 
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FIGURE 9-7: ERASE TIMING 
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NOTES 
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93LC46B/56B/66B 

93LC46B/56B/66B Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

93LC46B/56B/66B • IP 

I 
Package: P = Plastic DIP (300 mil Body), 8-lead 

SN = Plastic SOIC (150 mil Body), 8-lead 

SM = Plastic SOIC (207 mil Body), 8-lead 

SL= Plastic SOIC (150 mil Body), 14-lead (93LC56B/93LC66B) 

Temperature Blank= 0°c to +10°c 

Range: I = -40°C to +85°C 

Device: Configuration 
93LC46B/56B/66B CMOS Serial EEPROM 

93LC46BX/56BX/66BX CMOS Serial EEPROM in alternate 
pinouts (SN package only) 

93LC46BT/56BT/66BT CMOS Serial EEPROM (Tape and Reel) 

93LC46BXT/56BXT/66BXT CMOS Serial EEPROM (Tape and Reel) 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center. U.S. FAX: (602) 786-7277 

3. The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 93C06/46 
256 BiUlK 5.0V CMOS Serial EEPROM 

FEATURES 

• Low power CMOS technology 

• 16 bit memory organization 

- 6 x 16 bit organization (93C06) 

- 64 x 16 bit organization (93C46) 

• Single 5 volt only operation 

• Self-timed ERASE and WRITE cycles 

• Automatic ERASE before WRITE 

• Power on/off data protection circuitry 

• 1,000,000 ERASE/WRITE cycles guaranteed 

• Data Retention > 40 years 

• 8-pin DIP or SOIC package 

• Available for extended temperature ranges: 

- Commercial: o·c to +70°C 

- Industrial: -40°C to +85°C 

- Automotive: -40°C to +125°C 

• 2 ms program cycle time 

DESCRIPTION 

The Microchip Technology Inc. 93C06/46 family of 
Serial Electrically Erasable PROMs are configured in a 
x16 organization. Advanced CMOS technology makes 
these devices ideal for low-power non-volatile memory 
applications. The 93C06/46 is available in the standard 
8-pin DIP and surface mount SOIC packages. The 
93C46X comes as SOIC only. 

These devices offer fast (1 ms) byte write and extended 
(-40°C to +125°C) temperature operation. It is recom
mended that all other applications use Microchip's 
93LC46. 

© 1995 Microchip Technology Inc. 
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93C06/46 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vee ............................................................................ 7.0V 

All inputs and outputs w.r.t. Vss ......... ·0.6V to Vee +1.0V 

Storage temperature ................................ ·65"C to +150"C 

Ambient temperature with power applied . -65"C to + 125C 

Soldering temperature of leads (10 seconds) ........ +300"C 

ESD protection on all pins ......................................... 4 kV 

*Notice: Stresses above those listed under "Maximum ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Vee= +5V (±10%) 

Parameter Symbol 

Vee detector threshold VTH 

High level input voltage VIH 

Low level input voltage VIL 

High level output voltage VOH 

Low level output voltage VOL 

Input leakage current ILi 

Output leakage current ILO 

Internal capacitance CINT 
(all inputs/outputs) 

Operating current (all modes) Ice write 

Standby current Ices 

Note 1: Internal resistor pull-up at Pin 6. 

Min 

2.8 

2.0 

-0.3 

2.4 

-
-
-

-

-
-

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

cs Chip Select 

CLK Serial Clock 

DI Data In 

DO Data Out 

Vss Ground 

NC No Connect; No Internal 
Connection 

Vee +5V Power Supply 

Commercial: Tamb= o·c to+70"C 
Industrial: Tamb= -4o·c to +8s·c 
Automotive: Tamb= -40"C to + 12s·c (Note 3) 

Max Units Conditions 

4.5 v 

Vee+ 1 v 

0.8 v 

- v IOH = -400 µA 

0.4 v IOL=3.2mA 

10 µA VIN= OV to Vee (Note 1) 

10 µA VOUT = ov to Vee (Note 1) 

7 pF VINNOUT = ov (Note 2) 
Tamb = +25"C, f = 1 MHz 

4 mA FCLK = 1 MHz, Vee = 5.5V 

100 µA cs = ov, Vee = s.sv 

Note 2: This parameter is periodically sampled and not 100% tested. 
Note 3: For operation above 85"C, endurance is rated at 10,000 ERASE/WRITE cycles. 

FIGURE 1-1: SYNCHRONOUS DATA TIMING 

CLK 

DI 

cs 

DO 
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TABLE 1-3: AC CHARACTERISTICS 

Parameter Symbol 

Clock frequency FCLK 

Clock high time TCKH 

Clock low time TCKL 

Chip select setup time Tess 

Chip select6 hold time TCSH 

Cl1lp select iow tlrrn:; TCSL 

Data input setup time TDIS 

Data input hold time TDIH 

Data output delay time TPD 

Data output disable time (from CS = low) Tcz 

Data output disable time (from last clock) TDDZ 

Status valid time Tsv 

Program cycle time (Auto Erase and Write) Twc 

Erase cycle time TEC 

2.0 PIN DESCRIPTION 

2.1 Chip Select CCSl 

A HIGH level selects the device. A LOW level dese
lects the device and forces it into standby mode. How
ever, a programming cycle which is already initiated 
and/or in progress will be completed, regardless of the 
CS input signal. If CS is brought LOW during a pro
gram cycle, the device will go into standby mode as 
soon as the programming cycle is completed. 

CS must be LOW for 100 ns minimum (TcsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

2.2 Serial Clock CCLK) 

The Serial Clock is used to synchronize the communi
cation between a master device and the 93C06/46. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 

CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin
ued anytime (with respect to clock HIGH time (TCKH) 
and clock LOW time (TCKL). This gives the controlling 
master freedom in preparing opcode, address and 
data. 

CLK is a "Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status. (i.e., waiting 
for START condition). 

© 1995 Microchip Technology Inc. 

93C06/46 

Min Max Units Conditions 

1 MHz 

500 - ns 

500 - ns 

50 - ns 

0 - ns 

100 - ii5 

100 - ns 

100 - ns 

- 400 ns CL= 100 pF 

0 100 ns CL=100pF 

0 400 ns CL= 100 pF 

- 100 ns CL= 100 pF 

- 2 ms 
15 ms For ERAL and WRAL 

- 1 ms 

CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 

After detection of a start condition, the specified num
ber of clock cycles (respectively LOW to HIGH transi
tions of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (see instruc
tion set truth table). CLK and DI then become "Don't 
Care" inputs waiting for a new start condition to be 
detected. 

2.3 Data In COil 

Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 

2.4 Data Out COO) 

Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the posi
tive edge of CLK). 

This pin also provides READY/BUSY status informa
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought HIGH after being LOW for minimum chip select 
LOW time (TcsL) from the falling edge of the CLK which 
clocked in the last DI bit (DO for WRITE, AO for ERASE) 
and an ERASE or WRITE operation has been initiated. 
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The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE 
cycle. In all other cases DO is in the HIGH-Z mode. If 
status is checked after the WRITE/ERASE cycle, a 
pull-up resistor on DO is required to read the READY 
signal. 

DI and DO can be connected together to perform a 3-
wire interface (CS, CLK, DI/DO). 

INSTRUCTION SET - 93C06 

Instruction Start BIT 
Opcode 

Address 
OP1 OP2 

Care must be taken with the leading dummy zero which 
is outputted after a READ command has been 
detected. Also, the controlling device must not drive 
the DI/DO bus during Erase and Write cycles if the 
READY/BUSY status information is outputted by the 
93C06/46. 

Number of 
Data Out 

Req.CLK 
Data In Cycles 

READ 1 1 0 0 0 A3 A2 A1 AO - 015-DO 25 
WRITE 1 0 1 0 0 A3 A2 A1 AO 015-DO (RDY/BSY) 25 
ERASE 1 1 1 0 0 A3 A2 A1 AO - (RDY/BSY) 9 
EWEN 1 0 0 1 1 x x x 
EWDS 1 0 0 0 0 x x x 
ERAL 1 0 0 1 0 x x x 
WRAL 1 0 0 0 1 x x x 
INSTRUCTION SET - 93C46 

Instruction Start BIT 
Opcode 

Address 
OP1 OP2 

READ 1 1 0 A5 A4 A3 A2 A1 
WRITE 1 0 1 A5 A4 A3 A2 A1 
ERASE 1 1 1 A5 A4 A3 A2 A1 
EWEN 1 0 0 1 1 x 
EWDS 1 0 0 0 0 x 
ERAL 1 0 0 1 0 x 
WRAL 1 0 0 0 1 x 

3.0 FUNCTIONAL DESCRIPTION 

3.1 START Condition 

The START bit is detected by the device if CS and DI 
are both HIGH with respect to the positive edge of CLK 
for the first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device oper
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 

3.2 DI/DO 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the "dummy zero" 
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x x 
x x 
x x 
x x 

x - High-Z 9 
x - High-Z 9 
x - (RDY/BSY) 9 
x 015-DO (RDY/BSY) 25 

Number of 
Data Out 

Req.CLK 
Data In Cycles 

AO - 015 ·DO 25 
AO 015-DO (RDY/BSY) 25 
AO - (RDY/BSY) 9 
x - High-Z 9 
x - High-Z 9 
x - (RDY/BSY) 9 
x 015-DO (RDY/BSY) 25 

that precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, 
the higher the voltage at the Data Out pin. 

3.3 Data Protection 

During power-up, all modes of operation are inhibited 
until Vee has reached 2.BV. During power-down, the 
source data protection circuitry acts to inhibit all modes 
when Vee has fallen below 2.BV. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during nor
mal operation. 

After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. After programming is completed, the 
EWDS instruction offers added protection against unin
tended data changes. 
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3.4 READ Mode 

The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
bit (logical 0) precedes the 16-bit output string. The 
output data changes during the HIGH state of the sys
tem clock (CLK). The dummy bit is output TPD after 
the positive edge of CLK, which was used to clock in 
the last address bit (AO). Therefore, care must be 
taken if DI and DO are connected together as a bus 
contention will occur for one clock cycle if AO has been 
a one. 

DO will go into HIGH-Z mode with the positive edge of 
the next CLK cycle. This follows the output of the last 
data bit DO or the low going edge of CS, which ever 
occurs first. 

DO remains stable between CLK cycles for an unlim
ited time as long as CS stays HIGH. 

The most significant data bit (D15) is always output 
first, followed by the lower significant bits (D14 - DO). 

FIGURE 3-1: READ MODE 

CU< 

cs I II 

93C06/46 

3.5 WRITE Mode 

The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. The most 
significant data bit (D15) has to be clocked in first, fol
lowed by the lower significant data bits (D14 - DO). If 
a WRITE instruction is recognized by the device and all 
data bits have been clocked in, the device performs an 
automatic ERASE cycle on the specified address 
before the data are written. The WRITE cycle is com
pletely self-timed and commences automatically after 
the rising edge of the CLK for the last data bit (DO). 

The WRITE cycle takes 2 ms maximum. 

I ... 

lf~-~-----------,'k._ TCSL 

I 

.. I 

SB OP1 OP2 N5 M K3 I AfJ I 

ffi m ~ :mm ~rn. / 
O 11 ,~ Tooz ~ 

TPD--I '-- I I 

\ 

FIGURE 3-2: WRITE MODE 

Ill 

0 

00------------
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3.6 ERASE Mode 

The ERASE instruction forces all the data bits of the 
specified address to logical '1s". The ERASE cycle is 
completely self·timed and commences automatically 
after the last address bit has been clocked in. 

The ERASE cycle takes 1 ms maximum. 

FIGURE 3-3: ERASE MODE 

CU< ~,.....~~~~' 
I I I I I 
~I TCSL I._ ~ TcsL I~ 

~ /~/~/~~~~~~~~~~~~-'----,\ Ts-iATiJS\ -r---
____LL/ I ~I CHECK- I\____/• 

I I I 
OP2 PO A4 "3 '~Nlll7(i I I 

~)§&(~~~ 
SB OP1 

a~ I 
1 I --' 

I 
TSV~I~ 

. I 
DO HIGH-Z -----~: ---,11----L 

3.7 ERASE/WRITE Enable/Disable 
<EWEN. EWDSl 

The device is automatically in the ERASE/WRITE 
Disable mode (EWDS) after power-up. Therefore, 
an EWEN instruction has to be performed before any 
ERASE, WRITE, ERAL, WRAL instruction is exe
cuted by the device. For added data protection, the 
device should be put in the ERASE/WRITE Disable 
mode (EWDS) after programming operations are 
completed. 

FIGURE 3-4: ERASE/WRITE ENABLE/DISABLE 

cs m 

I 
I~ TEC 

I 

--.i 

NEW INSTRUCTION 
OR STANDBY (CS= 0) 

SB OP1 OP2 SB 
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3.8 ERASE All (ERAL) 

The entire chip will be erased to logical '1 s" if this 
instruction is received by the device and it is in the 
EWEN mode. The ERAL cycle is completely self-timed 
and commences after the last dummy address bit has 
been clocked in. 

ERAL takes 15 ms maximum. 

FIGURE 3-5: ERASE ALL 

CU( ~m\_J 

93C06/46 

~ TCSL ~ ~TCSL ~ 

~~-------------------.+-~I l,~----<I I 
cs 

SB OP1 OP2 

STATUS 
CHECK 

/\'---_ __,/\ ~ !S 

1 Tooz--l ~ 
~ 

0 0 0 x 

DO HIGH-Z 

3.9 WRITE All (WRAL) 

The entire chip will be written with the data specified in 
that command. The WRAL cycle is completely self
timed and commences after the rising edge of the CLK 
for the last data bit (DO). WRAL takes 15 ms maxi-

x x 1X 
I 
I 

Tsv -...{ 

I 
I 
I 
I ... 

NEW INSTRUCTION 
OR STANDBY (CS= 0) 

mum. The WRAL instruction is used for testing and/or device 
initialization. 

FIGURE 3·6: WRITE ALL 
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93C06/46 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

93C06/46 - /P 
T I Package: J = CERDIP (300 mil Body) 

p = Plastic DIP (300 mil Body) 
SN = Plastic SOIC (150 mil Body) 
SM = Plastic SOIC (207 mil Body) 

Temperature Blank = 0°c to +10°c l Range: I = -40°C to +as0 c 
E = -40°C to + 12s0 c 

Device: Configuration 
93C06 256 bit CMOS senal EEPROM 
93C46 1 K CMOS Serial EEPROM 

93C46X 1 K CMOS Serial EEPROM in alternate pinouts (SN 
package only) 

93C06T CMOS Serial EEPROM (Tape and Reel) 
93C46T CMOS Serial EEPROM (Tape and Reel) 

93C46XT CMOS Serial EEPROM (Tape and Reel) 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip'• Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip DevelopmentTools, please call 1-800-755-2345or1-602-786-7302. 
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MICROCHIP 93C56/66 
2K/4K 5.0V CMOS Serial EEPROM 

FEATURES 

• !_J)~! power CMOS ~1?Ghf"!0l0gy 

• ORG pin selectable memory organization 

- 256 x 8 or 128 x 16 bit organization (93C56) 

- 512 x 8 or 256 x 16 bit organization (93C66) 

• Single 5 volts only operation 

• Max clock at 2 MHz 

• Self-timed ERASE and WRITE cycles 

• Automatic ERASE before WRITE 

• Power on/off data protection circuitry 

• Industry standard 3-wire serial 1/0 

• Device status signal during ERASE/WRITE 
cycles 

• Sequential READ function 

• 1,000,000 ERASE/WRITE cycles guaranteed 

• Data retention > 40 years 

• 8-pin PDIP/SOIC packages 
(SOIC in JEDEC and EIAJ standards) 

• Available for extended temperature ranges: 

- Commercial: 0°C to +70"C 

- Industrial: -40'C to +85"C 

- Automotive: -40"C to +125'C 

• 1 ms byte write time 

DESCRIPTION 

The Microchip Technology Inc. 93C56/66 family of 
Serial EEPROMs are configurable to either x16 or x8 
organization. The ORG pin is used to select the 
desired configuration. Advanced CMOS technology 
makes this device ideal for low-power non-volatile 
memory applications. The 93C56/66 are available in 
the standard 8-pin DIP and 8-pin surface mount SOIC 
package. 

This device offers fast (1 ms) byte write and extended 
(-40°C to +125"C) temperature operation. It is recom-
mended that all other applications use Microchip's 
93LC56/93LC66. 

© 1995 Microchip Technology Inc. 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vee ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss ..... -0.6V to Vee +1.0V 

Storage temperature .......................... -65"C to +150"C 

Ambient temp. with power applied ..... -65"C to +125"C 

Soldering temperature of leads (1 O seconds) .. +300"C 

ESD protection on all pins ..................................... 3 kV 
*Notice: Stresses above those listed under~Maximum ratings~ may cause perma
nent damage to the device. This is a stress rating only and functional operation of 
the device at those or any other conditions above those indicated in the operational 
listings of this specification is not implied. Exposure to maximum rating conditions 
for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 
Commercial (C): 
Industrial (I): 

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

cs Chip Select 

CLK Serial Data Clock 

DI Serial Data Input 

DO Serial Data Output 

Vss Ground 

ORG Memory Array Organization 

Test Connect to Vss or Vee 

Vee Power Supply +SV 

Tamb = o·c to +70'C Vee = +5V (±10%) 
Tamb = -40'C to +85'C Vee = +5V (±10%) 

Automotive (E): Tamb = -40'C to+ 125'C Vee= +5V (±10%) (Note 2) 

Parameter Symbol Min Max Units Conditions 

Vee detector threshold VTH 2.3 4.5 v 
High level input voltage VIH 2.0 Vee+ 1 v 
Low level input voltage VIL -0.3 0.8 v 
High level output voltage VOH 2.4 v IOH = -400 µA 

Low level output voltage VOL - 0.4 v IOL = 2.1 mA 

Input leakage current ILi - 10 µA VIN = ov to Vee 

Output leakage current ILO - 10 µA VOUT = ov to Vee 

Output capacitance COUT - 7 pF VINIVOUT = OV; Note 1 

Input capacitance GIN - 7 pF VINIVOUT = OV; Note 1 

Operating current (all modes) Ice write - 4 mA Fclk = 2 MHz; Vee= 5.5V 

Standby current Ices - 130 µA Cs= OV; Vee = 5.5V; x 8 org 

- - 100 µA CS= OV; Vee= 5.5V; x 16 org 

Clock frequency FCLK 2 MHz 

Clock high time TCKH 250 - ns 

Clock low time TCKL 250 - ns 

Chip select setup time Tess 50 - ns Relative to CLK 

Chip select hold time TCSH 0 - ns Relative to CLK 

Chip select low time TCSL 100 - ns 

Data input setup time TDIS 100 - ns Relative to CLK 

Data input hold time TDIH 100 - ns Relative to CLK 

Data output delay time TPD - 400 ns CL= 100 pF 

Data output disable time Tcz - 100 ns CL= 100 pF 

Status valid time Tsv - 100 ns CL= 100 pF 

Program cycle time Twc ·- 1 ms (x 8 organization) 

(auto ERASE and WRITE) - 2 ms (x16 organization) 

TEC - 15 ms ERAL & WRAL mode 

Note 1: This parameter is tested at Tamb = 25'C and FCLK = 1 MHz. It is periodically sampled and not 100% tested. 
Note 2: For operation above 85'C, endurance is rated at 10,000 ERASE/WRITE cycles. 
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TABLE 1-3: INSTRUCTION SET FOR 93C56 

ORG = 1 (x 16 organization) 

Instruction SB Opcode Address Data In Data Out 
Req.CLK 

Cycles 

READ 1 10 XASA5A4A3A2 A1 AO - D15-DO 27 
EWEN 1 00 1 1 x x x x x x - High-Z 11 
ERASE 1 11 XAS A5 A4 A3 A2 A1 AO - (RDY!SSY') 11 
ERAL 1 00 1 0 x x x x x x - (RDY/SSY) 11 
WRITE 1 01 X AS A5 A4 A3 A2 A1 AO D15-DO (RDY/SSY) 27 
WRAL 1 00 0 1 x x x x x x D15-DO (R DY ltIB'i') 27 
EWDS 1 nn n 0 x x x x x x - 1-ligh-Z 11 

ORG = o (x 8 organization) 

Instruction SB Opcode Address Data In Data Out 
Req.CLK 

Cycles 

READ 1 10 X A7 A6 A5 A4 A3 A2 A1 AO - D7-DO 20 
EWEN 1 00 1 1 x x x x x x x - High-Z 12 
ERASE 1 11 X A7 AS A5 A4 A3 A2 A1 AO - (RDY/SSY) 12 
ERAL 1 00 1 0 x x x x x x x - (RDY/SSY) 12 
WRITE 1 01 X A7 AS A5 A4 A3 A2 A1 AO D7-DO (RDY/BSY'j 20 
WRAL 1 00 0 1 x x x x x x x D7-DO (RDY/SSY) 20 
EWDS 1 00 0 0 x x x x x x x - High-Z 12 I 

TABLE 1-4: INSTRUCTION SET FOR 93C66 

ORG = 1 (x 16 organization) 

Instruction SB Opcode Address Data In Data Out 
Req.CLK 

Cycles 

READ 1 10 A7 AS A5 A4 A3 A2 A1 AO - D15-DO 27 
EWEN 1 00 1 1 x x x x x x - H_li!_h-Z 11 
ERASE 1 11 A7 A6 A5 A4 A3 A2 A1 AO - (RDY/SSY) 11 
ERAL 1 00 1 0 x x x x x x - (ADY ltIB'i') 11 
WRITE 1 01 A7 AS A5 A4 A3 A2 A1 AO D15-DO (RDY/SSY) 27 
WRAL 1 00 0 1 x x x x x x D15-DO (RDY/SSY) 27 
EWDS 1 00 0 0 x x x x x x - High-Z 11 

ORG = o (x 8 organization) 

Instruction SB Opcode Address Data In Data Out 
Req.CLK 

Cycles 

READ 1 10 AB A7 AS A5 A4 A3 A2 A1 AO - D7-DO 20 
EWEN 1 00 1 1 x x x x x x x - Hlgh-Z 12 
ERASE 1 11 AB A7 AS AS A4 A3 A2 A1 AO - (RDY/BSY') 12 
ERAL 1 00 1 0 x x x x x x x - (RDY/SSY) 12 
WRITE 1 01 AB A7 AS A5 A4 A3 A2 A1 AO D7-DO (ADY~ 20 
WRAL 1 00 0 1 x x x x x x x D7-DO (RD~ 20 

EWDS 1 00 0 0 x x x x x x x - High-Z 12 
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2.0 FUNCTIONAL DESCRIPTION 
The 93C56/66 family can be organized x16 or x8. 
When the ORG pin is connected to Vee, the (x16) orga
nization is selected. When ii is connected to ground, 
the (xB) organization is selected. If the ORG pin is left 
unconnected, then an internal pullup device will select 
the (x16) organization. Instructions, addresses and 
write data are clocked into the DI pin on the rising edge 
of the clock (CLI<). The DO pin is normally held in a 
high-Z state except when reading data from the device, 
or when checking the ready/busy status during a pro
gramming operation. The ready/busy status can be 
verified during an Erase/Write operation by polling the 
DO pin; DO low indicates that programming is still in 
progress, while DO high indicates the device is ready. 
The DO will enter the high-Z state on the falling edge of 
the CLK. 

2.1 START Condition 

The START bit is detected by the device if CS and DI 
are both HIGH with respect to the positive edge of CLK 
for the first lime. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device oper
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 

2.2 DI/DO 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration ii is possible 
for a "bus conflict" to occur during the "dummy zero" 
that precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, 
the higher the voltage at the Data Out pin. 

2.3 Data Protection 

During power-up, all modes of operation are inhibited 
until Vee has reached 2.3 V. During power-down, the 
source data protection circuitry acts to inhibit all modes 
when Vee has fallen below 2.3 V. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during nor-
mal operation. ' 
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After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. After programming is completed, the 
EWDS instruction offers added protection against unin
tended data changes. 

3.0 READ 
The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or 8 bit 
(x8 organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable 
after the specified time delay (TPD). Sequential read is 
possible when CS is held high. The memory data will 
automatically cycle to the next register and output 
sequentially. 

4.0 ERASE/WRITE ENABLE AND 
DISABLE 

The 93C56/66 powers up in the Erase/Write Disable 
(EWDS) state. All programming modes must be pre
ceded by an Erase/Write Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or VCC is removed from the device. To protect against 
accidental data changes, the EWDS instruction can be 
used to disable all Erase/Write functions and should 
follow all programming operations. Execution of a 
READ instruction is independent of both the EWEN 
and EWDS instructions. 

5.0 ERASE 
The ERASE instruction forces all data bits of the spec
ified address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the sett-limed programming 
cycle. 

The DO pin indicates the READYIBOSY status of the 
device if CS is brought high after a minimum of 100 ns 
low (TesL). DO at logical "O" indicates that program
ming is still in progress. DO at logical "1" indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. 

The ERASE cycle takes 1 ms per byte maximum. 

6.0 WRITE 
The WRITE instruction is followed by 16 bits (or by B 
bits) of data which are written into the specified 
address. After the last data bit is put on the DI pin, CS 
must be brought low before the next rising edge of the 
CLK clock. This falling edge of CS initiates the self
limed auto-erase and programming cycle. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 100 ns 
(TesL) and before the entire write cycle is complete. 
DO at logical "O" indicates that programming is still in 
progress. DO at logical "1" indicates that the register at 
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the specified address has been written with the data 
specified and the device is ready for another instruc
tion. 

The WRITE cycle takes 1 ms per byte maximum. 

7.0 ERASE ALL 
The ERAL instruction will erase the entire memory 
array to the logical "1 ". The ERAL cycle is identical to 
the ERASE cycle except for the different opcode. The 
ERAL cycle is completely self-timed and commences 
at the falling edge of the CS. Clocking of the CLK pin 
is not necessary after the device has entered the self 
clocking mode. 

The DO pin indicates the READY/"EIOSY status of the 
device if CS is brought high after a minimum of 100 ns 
low (TesL) and before the entire write cycle is com
plete. 

The ERAL cycle takes 15 ms maximum. 

8.0 WRITE ALL 
The WRAL instruction will write the entire memory 
array with the data specified in the command. The 
WRAL cycle is completely self-timed and commences 
at the falling edge of the CS. Clocking of the CLK pin 
is not necessary after the device has entered the self 
clocking mode. The WRAL command does not include 
an automatic ERASE cycle for the device. Therefore, 
the WRAL instruction must be preceded by an ERAL 
instruction and the chip must be in the EWEN status in 
both cases. 

The DO pin indicates the READY~ status of the 
device if CS is brought high after a minimum of 100 ns 
low {TCSL). 

The WRAL cycle takes 15 ms maximum. 

9.0 PIN DESCRIPTION 

9.1 Chip Select CCSl 

A HIGH level selects the device. A LOW level dese
lects the device and forces it into standby mode. How
ever, a programming cycle which is already initiated 
and/or in progress will be completed, regardless of the 
CS input signal. If CS is brought LOW during a pro
gram cycle, the device will go into standby mode as 
soon as the programming cycle is completed. 

CS must be LOW for 100 ns minimum (TesL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

9.2 Serial Clock CCLK) 

The Serial Clock is used to synchronize the communi· 
cation between a master device and the 93C56/66. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 
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CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin
ued anytime with respect to clock HIGH time (TeKH) 
and clock LOW time (TeKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 

CLK is a "Don't Care" if CS is LOW {device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for START condition). 

CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 

After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (see instruc
tion set truth table). CLK and DI then become don't 
care inputs waiting for a new start condition to be 
detected. 

9.3 Data In COil 

Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 

9.4 Data Out (DO) 

Data Out is used in the READ mode to output data syn
chronously with the CLK input (TPD after the positive 
edge of CLK). 

This pin also provides READY/SOS? status informa
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought HIGH after being LOW for minimum chip select 
LOW time (TesL) and an ERASE or WRITE operation 
has been initiated. 

The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE 
cycle. In all other cases DO is in the HIGH-Z mode. If 
status is checked after the WRITE/ERASE cycle, a 
pull-up resistor on DO is required to read the READY 
signal. 

9.5 Organization (ORG) 

When ORG is connected to Vee, the (x16) memory 
organization is selected. When ORG is tied to Vss, the 
(x8) memory organization is selected. When ORG is 
left floating, an internal pullup device will select the 
device in (x16) organization. 

9.6 Test 

This pin is used for test mode only. It is recommended 
to connect to Vee or Vss for normal operation. 
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FIGURE 9·1: SYNCHRONOUS DATA TIMING 
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FIGURE 9·2: READ TIMING 
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• Address bit A7 becomes a "don,t care' (x16 mode) on 93C56. 
•Address bit AB becomes a 'don,t care" (xB mode) on 93C56. 
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FIGURE 9-3: EWEN TIMING 
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FIGURE 9-4: EWDS TIMING 
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FIGURE 9-5: WRITE TIMING 
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FIGURE 9-6: WRAL TIMING 
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FIGURE 9-7: ERASE TIMING 
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FIGURE 9-8: ERAL TIMING 
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NOTES 
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93C56/66 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

93C56/66 - /P . 

~ 
Package: p = Plastic DIP (300 mil Body) 

SN = Plastic SOIC (150 mil Body) 
SM = Plastic SOIC (207 mil Body) 

Temperature Blank = 0°c to +70°C 
Range: I = -40°C to +85°C 

E = -40°C to + 125°C 

Device: 93C56 2K CMOS Serial EEPROM 
93C56T 2K CMOS Serial EE PROM (Tape and Reel) 

93C66 4K CMOS Serial EE PROM 
93C66T 4K CMOS Serial EEPROM (Tape and Reel) 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature#) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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24AA174 
24LC174 
24LC21 
24AA65 
24LC65 
24C65 
59C11 
93LCS56/66 

SECTIONS 
SPECIALTY SERIAL EEPROM 

PRODUCT SPECIFICATIONS 

16K 1.8V Cascadable CMOS Serial EE PROM with OTP Security Page ........... 5-1 
16K 2.5V Cascadable CMOS Serial EE PROM with OTP Security Page ......... 5-11 
1 K 2.5V Dual Mode CMOS Serial EE PROM .................................................... 5-21 
64K 1.8V CMOS Smart Serial™ EE PROM ...................................................... 5-33 
64K 2.5V CMOS Smart Serial™ EEPROM ...................................................... 5-45 
64K 5.0V CMOS Smart SerialTM EEPROM ...................................................... 5-57 
1 K 5.0V CMOS Serial EEPROM ...................................................................... 5-69 
2K/4K 2.5V CMOS Serial EEPROM with Software Write Protect .................... 5-77 
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MICROCHIP 24AA174 
16K 1.8V Cascadable CMOS Serial EEPROM with OTP Security Page 

FEATURES 

• Single supply with operation down to 1.8V 

• 16 Bytes OTP Secure Memory 

• Low power CMOS technology 

1 mA active current typical 

- 10 µA standby current typical at 5.5V 

- 5 µA standby current typical at 3.0V 

• Organized as 8 blocks of 256 bytes (8 x 256 x 8) 

• Two wire serial interface bus, 12crM compatible 

• Functional address inputs for cascading up to 8 
devices 

• Schmitt trigger, filtered inputs for noise suppression 

• Output slope control to eliminate ground bounce 

• 100 kHz (1.8V) and 400 kHz (5V) compatibility 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer for up to 16 bytes 

• 2 ms typical write cycle time for page-write 

• Hardware write protect for entire memory 

• Can be operated as a serial ROM 

• Factory programming (OTP) available 

• ESD protection > 4,000V 

• 10,000,000 ERASE/WRITE cycles guaranteed 

• Data retention > 40 years 

• 8 pin DIP, 8-lead SOIC packages 

• Available for commercial temperature range 

- Commercial: 0°C to +70°C 

DESCRIPTION 

The Microchip Technology Inc. 24AA174 is a cascad
able 16K bit Electrically Erasable PROM. The device 
is organized as 8 blocks of 256 x 8 bit memory with a 
two wire serial interface and provides a specially 
addressed OTP (one-time programmable) 16 byte 
security block. Low voltage design permits operation 
down to 1.8 volts (end-of-life voltage for most popular 
battery technologies) with standby and active currents 
of only 5 µA and 1 mA respectively. The 24AA174 also 
has a page-write capability for up to 16 bytes of data. 
The 24AA174 is available in the standard 8-pin DIP and 
8-lead surface mount SOIC packages. 

The three select pins, AO, A 1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system 
EEPROM. 

PACKAGE TYPE 

D!P 

AO 8 Vee 

'<t' 

A1 2 
,... 

7 WP < c:i:: 
A2 3 

'<t' 
6 SCL N 

Vss 4 5 SDA 

8-lead SOIC 

AO 8 Vee 

'<t' 

A1 2 ,... .... 7 WP 
c:i:: 
c:i:: 

A2 3 '<t' 6 SCL N 

Vss 4 5 SDA 

BLOCK DIAGRAM 

NJ A1 A2 WP ----~1 HV GENERATOR 

ODD 

VO 
CONTROL 

LOGIC 

0 D 
SDA SCL 

Vee o--
vss 0---

D 

EEPROM ARRAY 
(8 x 256x 8) 

PAGE LATCHES 

YDEC 

SENSE AMP 
PJWCONTROL 
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24AA174 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings• 

Vcc ........................................................................ 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.3V to Vee+ 1.0V 

Storage temperature .......................... -65°C to +150°C 
Ambient temp. with power applied ..... -65°C to+ 125°C 
Soldering temperature of leads (10 seconds) .. +300°C 

ESD protection on all pins ...................................... ?: 4 kV 
•Notice: Stresses above those listed under~Maximurn ratings• may cause perma· 
nent damage to the device. This is a stress rating only and functional operation of 
the device at those or any other conditions above those indicated in the operational 
listings of this specification is not implied. Exposure to maximum rating conditions 
for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Vee = + 1.8V to 5.5V 

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee + 1.8V to 5.5V Power Supply 

AO,A1,A2 Chip Address Inputs 

Commercial (C): Tamb= o·c to +70°C 

Parameter Symbol Min Max 

WP, SCL and SDA pins: 
High level input voltage VIH .7 Vee -
Low level input voltage VIL - .3Vcc 
Hysteresis of Schmitt trigger VHYS .05 Vee -
inputs VOL - .40 
Low level output voltage 

Input leakage current Ill -10 10 

Output leakage current ILO -10 10 

Input capacitance (all inputs/outputs) CINT - 10 

Operating current Ice Write - 3 
Ice Read - 1 

Standby current Ices - 30 
- 100 

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

FIGURE 1-1: BUS TIMING START/STOP 
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THD:STA 

VHYS 

Preliminary 

Units Conditions 

v 
v 
v Note 1 
v IOL = 3.0 mA, Vee= 2.5V 

µA VIN= .1V to Vee 

µA Vour = .1V to Vee 

pF Vee= 5.0V (Note1) 
Tamb = 25°C, FCLK = 1 MHz 

mA Vee = 5.5V, SCL = 400 kHz 
mA 

µA Vee= 3.0V, SDA = SCL =Vee 
µA Vee = 5.5V, SDA = SCL = Vee 

Tsu:sTo 

STOP 
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24AA174 

TABLE 1-3: AC CHARACTERISTICS 

Standard Mode 
V CC= 4.5 - 5.5V 

Parameter Symbol 
Fast Mode Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise lime TR - ~000 300 "" Note 2 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup Tsu:STA 4700 - 600 - ns Only relevant for repeated 
time START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time Tsu:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from ToF - 250 - 250 ns Note 2, CB s; 100 pF 
VIH min to VIL max 

Input filter spike suppres- TSP NIA N/A 0 50 ns Note3 
sion (SDA and SCL pins) 

Write cycle time TWR - 10 - 10 ms Byte or Page mode 

Endurance - 100,000 - 100,000 - EJW 
Cycles 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB= total capacfance of one bus line in pF. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

FIGURE 1-2: BUS TIMING DATA 

SDA 
IN 

SDA 
OUT 
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24AA174 

2.0 FUNCTIONAL DESCRIPTION 
The24AA174 supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be con
trolled by a master device which generates the serial 
clock (SCL), controls the bus access, and generates 
the START and STOP conditions, while the 24AA174 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device deter
mines which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1). 

3.1 Bus not Busy (Al 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (D) 

The state of the data line represents valid data when, 
alter a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge alter the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end 
of data to the slave by not generating an acknowledge 
bit on the last byte that has been clocked out of the 
slave. In this case, the slave (24AA174) will leave the 
data line HIGH to enable the master to generate the 
STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 

A control byte is the first byte received following the 
start condition from the master device. The first bit is 
always a one. The next three bits of the control byte 
are the device select bits (A2, A 1, AO). They are used 
to select which of the eight devices are to be accessed. 
The A 1 bit must be the inverse of the A 1 device select 
pin. 

ThA rn=ixt thrAP. bits of th8 r.nritrnl bytf::l f:lre the b!0ck 

select bits (B2, B1, BO). They are used by the master 
device to select which of the eight 256 word blocks of 
memory are to be accessed. These bits are in effect 
the three most significant bits of the word address. 

The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24AA 174 looks for the 
slave address for the device selected. Depending on 
the state of the RJW bit, the 24AA 17 4 will select a read 
or write operation. 

Operation Control Code Block Select RiW 

Read 1 A2 A1 AO Block Address 

Write 1 A2 A1 AO Block Address 
L___ 

FIGURE 4-1: CONTROL BYTE 
ALLOCATION 

START READ/WRITE 

/ 

Al AO B2 

MSB 

FIGURE5-1: BYTEWRITE 
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24AA174 

5.0 WRITE OPERATION 

5.1 Byte Write 

Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
RJW bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit
ted by the master is the word address and will be writ
ten into the address pointer of the 24AA174. Alter 
receiving another acknowledge signal from the 
24AA174 the master device will transmit the data word 
to be written into the addressed memory location. The 
24AA174 acknowledges again and the master gener
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24AA 17 4 will not gener
ate acknowledge signals (see Figure 5-1). 

5.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24AA174 in the same way 
as in a byte write. But instead of generating a stop con
dition the master transmits up to sixteen data bytes to 
the 24AA 17 4 which are temporarily stored in the on
ch ip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than six
teen words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin (see Figure 8-1 ). 

WORD 
ADDRESS 

A 
c 
K 

DATA 

A 
c 
K 

s 
T 
0 
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6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (RIW = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 
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Write Command 
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Condition to 
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FIGURE 8-1: PAGE WRITE 
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7.0 WRITE PROTECTION 
The 24AA174 can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

8.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran
dom read, and sequential read. 

8.1 Current Address Read 

The 24AA174 contains an address counter that main
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with RIW bit set to one, the 24AA174 issues an 
acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24AA 17 4 discontin
ues transmission (see Figure 9-1 ). 

8.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA 17 4 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24AA174 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA 17 4 dis
continues transmission (see Figure 9-2). 
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8.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24AA174 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA174 to transmit the next sequentially 
addressed 8 bit word (see Figure 9-3). 

To provide sequential reads the 24AA174 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
;::illows ~11 ~~tire dev!ce memo!;.' cor.!er.ts !o be ser!a!!y 
read during one operation. 

8.4 Noise Protection 

The 24AA 17 4 employs a Vee threshold detector circuit 
which disables the internal erase/write logic if the Vee 
is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

9.0 PIN DESCRIPTIONS 

9.1 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 10KQ for 100 kHz, 1KQfor400 
kHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

9.2 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.3 WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled 
(read/write the entire memory 000-?FF). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read opera
tions are not affected. 

This feature allows the user to use the 24AA174 as a 
serial ROM when WP is enabled (tied to Vee). 

24AA174 

9.4 AO. A1. A2 

These pins are used to configure the proper chip 
address in multiple-chip applications (more than one 
24AA174 on the same bus). The levels on these pins 
are compared to the corresponding bits in the slave 
address. The chip is selected if the compare is true. 

Up to eight 24AA174s may be connected to the same 
bus. These pins must be connected to either Vss or 
Vee. 

9.5 Security Access Control 

The security row is enabled by sending the control 
sequence with the 12C slave address of 0110. Bit o of 
the control byte must be set to a 1 for a READ OPER
ATION or a 0 for the OTP WRITE OPERATION. The 
SECURITY ACCESS DATA is always read starting at 
byte 0 for N bytes up to and including byte 15. (See 
Figure 8-1 ). 

9.6 Security Access Write 

The S.A.W. data is written to the device using a normal 
page write following the proper control access 
sequence. Upon receiving the final stop bit, the internal 
write sequence will commence. At the completion of 
the internal write sequence a fuse will be set disabling 
the write function for the 16 byte security page. 

9. 7 Security Access Read 

The security access read is accomplished by executing 
the normal read sequences, following the security 
access control sequence with bit O set to a 1. The secu
rity page read starts at data byte 0. 
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FIGURE 9-1: CURRENT ADDRESS READ 
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FIGURE 9-5: SECURITY PAGE READ 
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FIGURE 9-6: SECURITY PAGE WRITE 
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24AA174 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

..._ _____ -1J Temperature 
I Range: 

J Device: 
...__~~~~~~---1, 

Sales and Support 

p 
SN 

Blank 

24AA174 
24AA174T 

Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 8-lead 

0°C to+70°C 

16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHll=J 24LC174 
16K 2.5V Cascadable CMOS Serial EEPROM with OTP Security Page 

FEATURES 

• Single supply with operation down to 2.5V 
• 16 Bytes OTP Secure Memory 
• Low power CMOS technology 

1 mA active current typical 
- 10 µA standby current typical at 5.SV 
- 5 µA standby current typical at 3.0V 

• Organized as 8 blocks of 256 bytes (8 x 256 x 8) 
• Two wire serial interface bus, 12C™ compatible 
• Functional address inputs for cascading up to 8 

devices 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 kHz (2.5V) and 400 kHz (5V) compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (OTP) available 
• ESD protection > 4,000V 
• 10,000,000 ERASE/WRITE cycles guaranteed 

• Data retention> 40 years 

• 8 pin DIP, 8-lead SOIC packages 
• Available for extended temperature ranges 

- Commercial: 0°C to +70°C 
- Industrial: -40°C to +85°C 

DESCRIPTION 

The Microchip Technology Inc. 24LC174 is a cascad
able 16K bit Electrically Erasable PROM. The device 
is organized as 8 blocks of 256 x 8 bit memory with a 
two wire serial interface and provides a specially 
addressed OTP (one-time programmable) 16 byte 
security block. Low voltage design permits operation 
down to 2.5 volts with standby and active currents of 
only 5 µA and 1 mA respectively. The 24LC174 also 
has a page-write capability for up to 16 bytes of data. 
The 24LC174 is available in the standard 8-pin DIP and 
8-lead surface mount SOIC packages. 

The three select pins, AO, A 1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system 
EEPROM. 

PACKAGE TYPE 

D!P 

AO 
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A2. 3 

Vss 4 

8-lead SOIC 

AO 
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A2 3 

Vss 4 

BLOCK DIAGRAM 
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24LC174 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings• 

Vcc ........................................................................ 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.3V to Vee +1.0V 
Storage temperature .......................... -65'C to +150'C 
Ambient temp. with power applied ..... -65'C to + 125'C 
Soldering temperature of leads (1 O seconds) .. +300'C 
ESD protection on all pins ...................................... <:: 4 kV 
*Notice: Stresses above those listed under~Maximum ratings" may cause perma· 
nent damage to the device. This is a stress rating only and functional operation of 
the device at those or any other conditions above those indicated in the operational 
listings of this specification is not implied. Exposure to maximum rating conditions 
for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Vee= +2.5V to 5.5V 
Commercial (C): 
Industrial (I): 

Parameter Symbol Min 

WP, SCL and SDA pins: 
High level input voltage VIH .7 Vee 
Low level input voltage VIL -

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee +2.5V to 5.5V Power Supply 

AO, A1,A2 Chip Address Inputs 

Tamb= O'Cto+70'C 
Tamb= -40'C to +85'C 

Max Units Conditions 

- v 
.3Vcc v 

Hysteresis of Schmitt trigger inputs VHYS .05 Vee - v Note 1 
Low level output voltage VOL - .40 

Input leakage current lu -10 10 

Output leakage current ILO -10 10 

Input capacitance (all inputs/outputs) CINT - 10 

Operating current Ice Write - 3 
Ice Read - 1 

Standby current Ices - 30 
- 100 

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

FIGURE 1-1: BUSTIMING START/STOP 
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v IOL = 3.0 mA. Vee= 2.5V 

µA VIN= .1V to Vee 

µA VOUT = .1V to Vee 

pF Vee= 5.0V (Note1), 
Tamb = 25°C, FCLK = 1 MHz 
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24LC174 

TABLE 1-3: AC CHARACTERISTICS 

Standard Mode V cc= 4.5 - 5.5V 

Parameter Symbol Fast Mode Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL ilse time T~ - rnoc - nnn iiS ._. ............ "' 
In ->VV l'IV~t: &. 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first clock 
pulse is generated 

START condition setup Tsu:sTA 4700 - 600 - ns Only relevant for repeated 
time START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time Tsu: DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission can 
start 

Output fall time from VIH ToF - 250 - 250 ns Note 2, CBS 100 pF 
min to VIL max 

Input filter spike suppres- TSP NIA N/A 0 50 ns Note3 
sion (SDA and SCL pins) 

Write cycle time TWR - 10 - 10 ms Byte or Page mode 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB = total capacitance of one bus line in pf. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

FIGURE 1-2: BUS TIMING DATA 
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24LC174 

2.0 FUNCTIONAL DESCRIPTION 
The 24LC174 supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be con
trolled by a master device which generates the serial 
clock (SCL), controls the bus access, and generates 
the START and STOP conditions, while the 24LC174 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device deter
mines which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1). 

3.1 Bus not Busy CA> 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer CB> 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer CC) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid CDl 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end 
of data to the slave by not generating an acknowledge 
bit on the last byte that has been clocked out of the 
slave. In this case, the slave (24LC174) will leave the 
data line HIGH to enable the master to generate the 
STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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4.0 

4.1 

BUS CHARACTERISTICS 

Device Addressing and Operation 

A control byte is the first byte received following the 
start condition from the master device. The first bit is 
always a one. The next three bits of the control byte 
are the device select bits (A2, A 1, AO). They are used 
to select which of the eight devices are to be accessed. 
The A 1 bit must be the inverse of the A 1 device select 
pin. 

The next !hree bits of the contrc! byte are the block 
select bits (B2, B1, BO). They are used by the master 
device to select which of the eight 256 word blocks of 
memory are to be accessed. These bits are in effect 
the three most significant bits of the word address. 

The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24LC174 looks for the 
slave address for the device selected. Depending on 
the state of the R/W bit, the 24LC174 will select a read 
or write operation. 

Operation Control Code Block Select RiW 

Read 1 A2 A1 AO Block Address 1 

Write 1 A2 A1 AO Block Address 0 

FIGURE 4-1: CONTROL BYTE 
ALLOCATION 
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FIGURE 5-1: BYTE WRITE 
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5.0 WRITE OPERATION 

5.1 BvteWrite 

Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
RJW bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit
ted by the master is the word address and will be writ~ 
ten into the address pointer of the 24LC174. After 
receiving another acknowledge signal from the 
24LC174 the master device will transmit the data word 
to be written into the addressed memory location. The 
24LC174 acknowledges again and the master gener
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24LC174 will not gener
ate acknowledge signals (see Figure 5-1). 

5.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC174 in the same way 
as in a byte write. But instead of generating a stop con
dition the master transmits up to sixteen data bytes to 
the 24LC174 which are temporarily stored in the on
chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than six
teen words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin (see Figure 8-1). 
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6.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (RIW = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 6-1 for flow dia
gram. 

FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 
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FIGURE 8-1: PAGE WRITE 
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7.0 WRITE PROTECTION 
The 24LC174 can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

8.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the RiW bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran
dom read, and sequential read. 

8.1 Current Address Read 

The 24LC174 contains an address counter that main
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with RiW bit set to one, the 24LC174 issues an 
acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24LC174 discontin
ues transmission (see Figure 9-1). 

8.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC174 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the RiW bit set to a one. The 24LC174 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC174 dis
continues transmission (see Figure 9-2). 
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8.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24LC174 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC174 to transmit the next sequentially 
addressed 8 bit word (see Figure 9-3). 

To provide sequential reads the 24LC174 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
a!!0ws an ent!re device memory 1Jontents to be ser!eJ!y 
read during one operation. 

8.4 Noise Protection 

The 24LC174 employs a Vee threshold detector circuit 
which disables the internal erase/write logic if the Vee 
is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

9.0 PIN DESCRIPTIONS 

9.1 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 1 OKn for 100 kHz, 1 Kn for 400 
kHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

9.2 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

9.3 WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled 
(read/write the entire memory 000-?FF). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read opera
tions are not affected. 

This feature allows the user to use the 24LC174 as a 
serial ROM when WP is enabled (tied to Vee). 

24LC174 

9.4 AO.A1.A2 

These pins are used to configure the proper chip 
address in multiple-chip applications (more than one 
24LC174 on the same bus). The levels on these pins 
are compared to the corresponding bits in the slave 
address. The chip is selected if the compare is true. 

Up to eight 24LC174s may be connected to the same 
bus. These pins must be connected to either Vss or 
Vee. 

9.5 Security Access Control 

The security row is enabled by sending the control 
sequence with the 12C slave address of 0110. Bit O of 
the control byte must be set to a 1 for a READ OPER
ATION or a 0 for the OTP WRITE OPERATION. The 
SECURITY ACCESS DATA is always read starting at 
byte O for N bytes up to and including byte 15. (See 
Figure 9-3). 

9.6 Security Access Write 

The S.A.W. data is written to the device using a normal 
page write following the proper control access 
sequence. Upon receiving the final stop bit, the internal 
write sequence will commence. At the completion of 
the internal write sequence a fuse will be set disabling 
the write function for the 16 byte security page. 

9.7 Security Access Read 

The security access read is accomplished by executing 
the normal read sequences, following the security 
access control sequence with bit O set to a 1. The secu
rity page read starts at data byte 0. 
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FIGURE 9-1: CURRENT ADDRESS READ 
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FIGURE 9-5: SECURITY PAGE READ 
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FIGURE 9-6: SECURITY PAGE WRITE 
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24LC174 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24LC174 - /P 

r~Pookag" 
'---------1J Temperature 

l Range: 

i Device: 

Sales and Support 

p 
SN 

Blank 
I 

24LC174 
24LC174T 

Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 8-lead 

O'Cto+70'C 
-40'C to +85'C 

16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345or1-602-786-7302. 

0821101 B-page 5-20 Preliminary © 1995 Microchip Technology Inc. 



MICROCHIP 24LC21 
lK 2.SV Dual Mode CMOS Serial EEPROM 

FEATURES 

• Single supply with operation down to 2.SV 

• Completely implements DDC1 ™/DDC2™ inter
face for monitor identification 

• Low power CMOS technology 

- 1 mA active current typical 

- 10 µA standby current typical at 5.SV 

• Two wire serial interface bus, 12C™ compatible 

• Sell-timed write cycle (including auto-erase) 

• Page-write buffer for up to 8 bytes 

• 100 kHz (2.SV) and 400 kHz (SV) compatibility 

• Factory programming (QTP) available 

• 1,000,000 erase/write cycles guaranteed* 

• Data retention > 40 years 

• 8 pin PDIP and SOIC package 

• Available for extended temperature ranges 

Commercial: 0°C to +70°C 

- Industrial: -40°C to +85°C 

DESCRIPTION 

The Microchip Technology Inc. 24LC21 is a 128 x 8 bit 
Electrically Erasable PROM. This device is designed 
for use in applications requiring storage and serial 
transmission of configuration and control information. 
Two modes of operation have been implemented: 
Transmit Only Mode and Bi-Directional Mode. Upon 
power-up, the device will be in the Transmit Only Mode, 
sending a serial bit stream of the entire memory array 
contents, clocked by the VCLK pin. A valid high lo low 
transition on the SCL pin will cause the device to enter 
the Bi-Directional Mode, with byte selectable read/write 
capability of the memory array. The 24LC21 is avail
able in a standard 8-pin PDIP and SOIC package in 
both commercial and industrial temperature ranges. 

*Future: 10,000,000 E/W cycles guaranteed 

DOC is a trademark of the Video Electronics Standards Association. 
12C is a trademark of Philips Corporation. 

© 1995 Microchip Technology Inc. 
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1.0 ELECmlCAL CHARACTERISTICS 

1.1 Maximum Ratings• 

Vcc .............................•............................. ; ............ 7.0V 
All inputs and outputs w.r.t. Vss .... -0.6V to Vee+ 1.0V 
Storage temperature .......................... -65'C to +150°C 
Ambient temp. with power applied ..... -65'C to +125°C 
Soldering temperature of leads (10 seconds) .. +300°C 
ESD protection on all pins ............................... ~ ...... ?:4 kV 
*Notice: Stresses above those listed under "Maximum ratings" may cause perma
nent damage to the device. This is a stress rating only and fUnctional operation of 
the device at those or any other conditions above those indicated in the operational 
listings of this specification is not implied. Exposure to maximum rating conditions 
for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Vee= +2.5V to 5.5V 
Commercial (C): 
Industrial (I): 

Parameter Symbol Min 

SCL and SDA pins: 
High level input voltage VIH .7Vcc 
Low level input voltage VIL -

Input levels on VCLK pin: 
High level input voltage VIH 2.0 
Low level input voltage VIL -

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 110 

SCL Serial Clock (Bi-Directional Mode) 

VCLK Serial Clock (Transmit-Only Mode) 

Vee +2.5V to 5.5V Power Supply 

NC No Connection 

Tamb= o·c10+1o·c 
Tamb = -40°C to +85'C 

Max Units Conditions 

- v 
.3Vcc v 

.8 v Vee?: 2.7V (Note 1) 
.2Vcc v Vee< 2.7V (Note 1) 

Hysteresis of Schmitt trigger inputs VHYS .05 Vee - v Note 1 

Low level output voltage VOL1 - .4 v IOL = 3 mA, Vee= 2.5V (Note 1) 

Low level output voltage VOL2 - .6 v IOL = 6 mA, Vee= 2.5V 

Input leakage current Ill -10 10 µA VIN= .1Vto Vee 

Output leakage current (LO -10 10 µA VOUT= .1Vto Vee 

Input capacitance (all inputs/outputs) CINT - 10 pF Vee= 5.0V (Note1 ), 
Tamb = 25°C, FCLK = 1 MHz 

Operating current Ice Write - 3 mA Vee = 5.5V, SCL = 400 kHz 
Ice Read - 1 mA 

Standby current Ices - 30 µA Vee= 3.0V, SDA = SCL =Vee 
- 100 µA Vee= 5.5V, SDA = SCL =Vee 

Note 1 : This parameter is periodically sampled and not 100% tested. 
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TABLE 1-3: AC CHARACTERISTICS 

Standard Mode 
Vee= 4.5 - 5.5V 

Parameter Symbol 
Fast Mode 

Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

C'f'"\A -~.J C',....I ~:-,... .i.:-- T~ - IVVV - vUU ii5 
... ,_ .. _ .... 

Ul.Jr\ CU IU UVL. 1 l;:>C" UI I IC" •n 1-..v~t:::i e:.. 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first clock 
pulse is generated 

START condition setup time Tsu:sTA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns Note 1 

Data input setup time Tsu: DAT 250 - 100 - ns 

STOP condition setup time Tsu:sro 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission can 
start 

Output fall time from VIH min ToF - 250 20 + .1 250 ns Note 2, CB~ 100 pF 
to VIL max CB 

Input filter spike suppression TSP NIA NIA 0 50 ns Note 3 
(SDA and SCL pins) 

Write cycle time TWR - 10 - 10 ms Byte or Page mode 

Transmit-Only Mode Parameters 

Output valid from VCLK TVAA - 500 - 500 ns 

VCLK high time TVHIGH 4000 - 600 - ns 

VCLK low time TVLOW 4700 - 1300 - ns 

Mode transition time TVHZ - 500 - 500 ns 

Transmit-Only power up TVPU 0 - 0 - ns 
time 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB= total capacitance of one bus line in pF. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a T1 specification for standard operation. 
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2.0 FUNCTIONAL DESCRIPTION 
The 24LC21 operates in two modes, the Transmit-Only 
Mode and the Bi-Directional Mode. There is a separate 
two wire protocol to.support each mode, each having a 
separate clock input and sharing a common data line 
(SDA). The device enters the Transmit-Only Mode 
upon power-up. In this mode, the device transmits data 
bits on the SDA pin in response to a clock signal on the 
VCLK pin. The device will remain in this mode until a 
valid high to low transition is placed on the SCL input. 
When a valid transition on SCL is recognized, the 
device will switch into the Bi-Directional Mode. The 
only way to switch the device back to the Transmit-Only 
Mode is to remove power from the device. 

2.1 Transmit-Only Mode 

The device will power up in the Transmit-Only Mode. 
This mode supports a unidirectional two wire protocol 
for transmission of the contents of the memory array. 
This device requires that it be initialized prior to valid 
data being sent in the Transmit-Only Mode (see Initial
ization Procedure, below). In this mode, data is trans
mitted on the SDA pin in 8 bit bytes, each followed by 

FIGURE 2-1: TRANSMIT ONLY MODE 
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-+: :+- --.: :+-

a ninth, null bit (see Figure 2-1). The clock source for 
the Transmit-Only Mode is provided on the VCL.K pin, 
and a data bit is output on the rising edge on this p.in. 
The eight bits in each byte are transmitted most signif
icant bit first. Each byte within the memory array will be 
output in sequence. When the last byte in the memory 
array is transmitted, the output will wrap around to the 
first location and continue. The Bi-Directional Mode 
Clock (SCL) pin must be held high for the device to 
remain in the Transmit-Only Mode. 

2.2 Initialization Procedure 

After Vee has stabilized, the device will be in the Trans
mit-Only Mode. Nine clock cycles on the VCLK pin 
must be given to the device for it to perform internal 
sychronization. During this period, the SDA pin will be 
in a high impedance state. On the rising edge of the 
tenth clock cycle, the device will output the first valid 
data bit which will be the most significant bit of a byte. 
The device will power up at an indeterminate byte 
address. (See Figure 2-2). 
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3.0 Bl-DIRECTIONAL MODE 
The 24LC21 can be switched into the Bi-Directional 
Mode (see Figure 3-1) by applying a valid high to low 
transition on the Bi-Directional Mode Clock (SCL). 
When the device has been switched into the Bi-Direc
tional Mode, the VCLK input is disregarded, with the 
exception that a logic high level is required to enable 
write capability. This mode supports a two wire 
bi-directional data transmission protocol. In this proto
col, a device that sends data on the bus is defined to be 
the transmitter, and a device that receives data from 
the bus is defined to be the receiver. The bus must be 
controlled by a master device that generates the 
Bi-Directional Mode Clock (SCL), controls access to 
the bus and generates the START and STOP condi
tions, while the 24LC21 acts as the slave. Both master 
and slave can operate as transmitter or receiver, but 
the master device determines which mode is activated. 

FIGURE 3-1: MODE TRANSITION 
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3.1 Bi-Directional Mode Bus 
Characteristics 

The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable wheneverthe clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-2). 

3.1.1 BUS NOT BUSY (A) 

Both data and clock lines remain HIGH. 

3.1.2 START DATA TRANSFER (B) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.1.3 STOP DATA TRANSFER (C) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

Bi-Directional Mode 

\~----

FIGURE 3-2: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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3.1.4 DATA VALID (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
eight will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a 
first in first out fashion. 

FIGURE 3-3: BUS TIMING START/STOP 
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3.1.5 ACKNOWLEDGE 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge biton the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 

VHYS 
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3.1.6 SLAVE ADDRESS 

After generating a START condition, the bus master 
transmits the slave address consisting of a 7-bit device 
code (1010) for the 24LC21, followed by three don't 
care bits. 

The eighth bit of slave address determines if the master 
device wants to read or write to the 24LC21 (see 
Figure 3-5). 

The 24LC21 monitors the bus for its corresponding 
slave address all the time. It generates an acknowl
edge bit if the slave address was true and it is not in a 
programming mode. 
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4.0 WRITE OPERATION 

4.1 Bvte Write 

Following the start signal from the master, the slave 
address (4 bits), the don't care bits (3 bits) and the R/W 
bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte transmit
ted by the master is the word address and will be writ
ten into the address pointer of the 24LC21. After 
receiving another acknowledge signal from the 24LC21 
the master device will transmit the data word to be writ
ten into the addressed memory location. The 24LC21 
acknowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24LC21 will not generate acknowl
edge signals (see Figure 4-1). 

It is required that VCLK be held at a logic high 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. 

WORD 
ADDRESS DATA 

s 
T 
0 
p 

1:::::::11: 1 :::::1H 
A 
c 
K 

A 
c 
K 

DS21095C-page 5-27 

• 



24LC21 

4.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC21 in the same way as 
in a byte write. But instead of generating a stop condi
tion the master transmits up to eight data bytes to the 
24LC21 which are t!lmporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the three lower order address 
pointer bits are internally incremented by one. The 
higher order five bits of the word address remains con
stant. If the master should transmit more than eight 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin (see Figure 5-2). 

It is required that VCLK be held at a logic high 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. 

5.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master send
ing a start condition followed by the control byte for a 
write command (RJW = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for the flow diagram. 

FIGURE 5-2: PAGE WRITE 
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6.0 WRITE PROTECTION 
When using the 24LC21 in the Bi-Directional Mode, the 
VCLK pin operates as the write protect control pin. Set
ting VCLK high allows normal write operations, while 
setting VCLK low prevents writing to any location in the 
array. Connecting the VCLK pin to Vss would allow the 
24LC21 to operate as a serial ROM, although this con
figuration would prevent using the device in the Trans
mit-Only Mode. 

7.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the RIW bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran
dom read and sequential read. 

7.1 Current Address Read 

The 24LC21 contains an address counter that main
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with RIW bit set to one, the 24LC21 issues an acknowl
edge and transmits the eight bit data word. The master 
will not acknowledge the transfer but does generate a 
stop condition and the 24LC21 discontinues transmis
sion (see Figure 7-1). 

FIGURE 7-1: CURRENT ADDRESS READ 
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7.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To per1orm 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC21 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the RfJil bit set to a one. The 24LC21 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC21 dis
continues transmission (see Figure 7-2). 
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7.3 Sequential Read 

Sequential reads are initiated.in the same way as a ran· 
dom read except that after the 24LC21 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC21 to transmit the next sequentially 
addressed 8 bit word (see Figure 8·1). 

To provide sequential reads the 24LC21 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

7.4 Noise Protection 

The 24LC21 employs a Vee threshold detector circuit 
which disables the internal erase/write logic if the Vee 
is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 8-1: SEQUENTIAL READ 

8.0 PIN DESCRIPTIONS 

8.1 SDA 

This pin is used to transfer addresses and data into and 
out of the device, when the device is in the Bi-Direc
tional Mode. In the Transmit-Only Mode, which only 
allows data to be read from the device, data is also 
transferred on the SDA pin. This pin is an open drain 
terminal, therefore the SDA bus requires a pullup resis
tor to Vee (typical 1 OKn for 100 kHz, 1Knfor400 kHz). 

For normal data transfer in the Bi-Directional Mode, 
SDA is allowed to change only during SCL low. 
Changes during SCL high are reserved for indicating 
the START and STOP conditions. 

8.2 SCL 

This pin is the clock input for the Bi-Directional Mode, 
and is used to synchronize data transfer to and from 
the device. It is also used as the signaling input to 
switch the device from the Transmit Only Mode to the 
Bi-Directional Mode. It must remain high for the chip to 
continue operation in the Transmit Only Mode. 

8.3 VCLK 

This pin is the clock input for the Transmit Only Mode. 
In the Transmit Only Mode, each bit is clocked out on 
the rising edge of this signal. In the Bi·Directional 
Mode, a high logic level is required on this pin to enable 
write capability. 

s 
A A A T 

BUS ACTIVITY: CONTROL C C C 0 
MASTER BYTE K K K p 

SDA LINE :~~n I : : : : : : : I ~I : ~: :,....,...,: :,--,-,: I r-r--1 : ,...,...,1 
: :,--,-,: :..,...,: I C)~ I : : : : : : : I 0 

\\ 
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24LC21 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24LC21 - IP 

~-., 
'---------iJ Temperature 

I Range: 

l Device: 

Sales and Support 

p 
SN 

Blank 
I 

24LC21 
24LC21T 

Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 8-lead 

0°Cto +70°C 
-40°C to +85°C 

Dual Mode Serial EEPROM 
Dual Mode Serial EEPROM (Tape and Reel) 

Products suppcrted by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 24AA65 
64K 1.8V CMOS Smart Serial™ EEPROM 

FEATURES 

• Voltage operating range: 1.SV to 6.0V 
- Peak write current 3 mA at 6.0V 
- Maximum read current 150 µA at 6.0V 
- Standby current 1 µA typical 

• Industry standard two wire bus protocol 12C™ 
compatible 

• Including 100 kHz (1.BV) and 400 kHz (5.0V) 
Modes 

• Programmable block security options 
• Programmable endurance options 
• Schmitt trigger, filtered inputs for noise suppres-

sion 
• Output slope control to eliminate ground bounce 
• Self-timed ERASE (E) and WRITE (W) cycles 
• Power on/off data protection circuitry 
• Endurance: 

- 10,000,000 E/W cycles guaranteed for a 
High Endurance Block 

- 100,000 E/W cycles guaranteed for a Stan-
dard Endurance Block 

• 8 byte page, or byte modes available 
• 1 page x 8 line input cache for fast write loads 
• Electrostatic discharge protection > 4000V 
• Data retention > 40 years 
• 8-pin PDIP/SOIC packages 
• Temperature ranges: 

- Commercial: o·c to +70"C 
• 2 ms typical write cycle time, byte or page 
• Up to 8 devices may be connected to the same 

bus for up to 512K bits total memory 

DESCRIPTION 

The Microchip Technology Inc. 24AA65 is a "smart" BK x 
8 Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 
such as personal communications, and provides the 
systems designer with flexibility through the use of many 
new user-programmable features. It is capable of oper
ation down to 1.BV, the end-of-life voltage for 2 "AA" bat
tery cells for most popular battery technologies.The 
24AA65 offers a relocatable 4K bit block of ultra-high
endurance memory for data that changes frequently. 
The remainder of the array, or 60K bits, is rated at 
100,000 ERASE/WRITE (E/W) cycles guaranteed. The 
24AA65 features an input cache for fast write loads with 
a capacity of eight pages, or 64 bytes. This device also 
features programmable security options for E/W protec
tion of critical data and/or code of up to fifteen 4K blocks. 

PACKAGE TYPE 

I P!)!P 
'-' 

AO 8 Vee 

A1 2 
II) 

7 NC "' c( 
c( 

A2 3 
..,. 

SCL N 6 

Vss 4 5 SDA 

SOIC 

AO 8 Vee 

2 II) 7 NC A1 "' c( 
c( 

3 
..,. 

A2 N 6 SCL 

Vss 4 5 SDA 

BLOCK DIAGRAM 

AO .. A2 HV Generator 

EEPROM ARRAY 

Page Latches 

Buffer 

YDEC 
SDA i VccO-

VssO--~ Sense AMP 
R/WControl 

Functional address lines allow the connection of up to 
eight 24LC65's on the same bus for up to 512K bits con
tiguous EEPROM memory. Advanced CMOS technol
ogy makes this device ideal for low-power non-volatile 
code and data applications. The 24AA65 is available in 
the standard 8-pin plastic DIP and 8-pin surface mount 
SOIC package. 

12C is a trademark of Philips Corporation. Smart Serial is a trademark of Microchip Technology Inc. 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vcc ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss ..... -0.6V to Vee + 1.0V 

Storage temperature ........................... -65'C to+ 150'C 

Ambient temp. with power applied ..... -65'C to +125'C 

Soldering temperature of leads (10 seconds) .. +300'C 

ESD protection on all pins ...................................... ~ 4 kV 

'Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Symbol Min 

AO, A 1, A2, SCL and SDA pins: 
High level input voltage VIH .?Vee 
Low level input voltage VIL -
Hysteresis of Schmitt Trigger VHYS .05 Vee 
inputs 
Low level output voltage VOL -

Input leakage current lu -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating Current Ice Write -
Ice Read -

Standby current -

TABLE 1-1: 

Name 

AO .. A2 

Vss 

SDA 

SCL 

Vee 

NC 

Max 

-
.3 Vee 

-

.40 

10 

10 

10 

3 
150 

5 

2 

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

FIGURE 1-1: BUS TIMING START/STOP 

VHYS 

SCL ---J 
THD:STA 

TSU:STA 

SDA ------.--.! 

START 
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PIN FUNCTION TABLE 

Function 

User Configurable Chip Selects 

Ground 

Serial Address/Data 1/0 

Serial Clock 

+ 1.BV to 6.0V Power Supply 

No Internal Connection 

Vee = + 1.BV to +6.0V 
Commercial(C): Tamb = o·c to +70'C 

Units Conditions 

v 
v 
v Note 1 

v IOL= 3.0mA 

µA VIN=.1VtoVcc 

µA VOUT = .1V to Vee 

pF Vee= 5.0V (Note 1) 
Tamb = 25'C, Fclk = 1 MHz 

mA Vee = 6.0V, SCL = 400 kHz 
µA Vee = 6.0V, SCL = 400 kHz 

µA Vee = 5.0V, SCL = SDA =Vee 
Note 1 

µA Vee = 1.BV, SCL = SDA = Vee 
Note 1 

Tsu:sTo 

STOP 
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TABLE 1-3: AC CHARACTERISTICS 

Vee = 1.SV - 6.0V Vee = 4.SV - 6.0V 

Parameter Symbol 
STD.MODE FAST MODE Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise 11me lR - 1000 - 300 ns Note 1 

SDA and SCLfall time TF - 300 - 300 ns Note 1 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time Tsu:sTA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time Tsu:oAT 250 - 100 - ns 

STOP condition setup time Tsu:srn 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 2 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmis-
sion can start 

Output fall time fro VIH min TOF - 250 20+0.1 250 ns Note 1, Cs::;; 100 pF 
to VIL max Cs 

Input filter spike suppression TSP N/A N/A 0 50 ns Note3 
(SDA and SCL pins) 

Write cycle time TWR - 5 - 5 ms/ Note 4 
page 

Note 1: Not 100 percent tested. Cs= total capacitance of one bus line in pF. 
Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 

(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 
Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 

cache for total time. 

FIGURE 1-2: BUS TIMING DATA 

SCL 

SDA 
IN 

SDA 
OUT 
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2.0 FUNCTIONAL DESCRIPTION 
The 24AA65 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL). controls the bus access, and generates the 
START and STOP conditions, while the 24AA65 works 
as slave. Both master and slave can operate as trans
mitter or receiver but the master device determines 
which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1 ). 

3.1 Bus not Busy CA> 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer <Bl 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH detenmines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer CC) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid CD) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24AA65) must leave the data line 
HIGH to enable the master to generate the STOP con
dition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL ---+--+--,. 

SDA 

START CONDITION 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 
(Figure 4-1) 

A control byte is the first byte received following the 
start condition from the master device. The control 
byte consists of a lour bit control code, for the 24AA65 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the device 
select bits (A2, A 1, AO). They are used by the master 
device to select which of the eight devices are to be 
accessed. These bits are lr! effect the three !'n0S! s!gw 
nificant bits of the word address. The last bit of the con
trol byte defines the operation to be performed. When 
set to a one a read operation is selected, when set to a 
zero a write operation is selected. The next two bytes 
received define the address of the first data byte (see 
Figure 5-1 ). Because only A 12 .. AO are used, the upper 
three address bits must be zeros. The most significant 
bit of the most significant byte is transferred first. Fol
lowing the start condition, the 24AA65 monitors the 
SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri
ate device select bits, the slave device (24AA65) out
puts an acknowledge signal on the SDA line. 
Depending upon the state of the RIW bit, the 24AA65 
will select a read or write operation. 

Operation 
Control 

Device Select 
Code 

Read 1010 Device Address 

Write 1010 Device Address 

FIGURE 4-1: CONTROL BYTE 
ALLOCATION 

START READNiRii'E 

/ 
SLAVE ADDRESS 

0 0 

FIGURE 5-1: BYTE WRITE 

s 

RiW 

1 

0 

24AA65 

5.0 WRITE OPERATION 

5.1 Byte Write 

Following the start condition from the master, the con
trol code (four bits), the device select (three bits), and 
the R/W bit which is a logic low is placed onto the bus 
by the master transmitter. This indicates to the 
addressed slave receiver (24AA65) that a byte with a 
word address will follow after it has generated an 
acknowledge bit during the ninth clock cycle. There
fore the next byte transmitted by the master is the high
order byte of the word address and will be written into 
the address pointer of the 24AA65. The next byte is the 
least significant address byte. After receiving another 
acknowledge signal from the 24AA65 the master 
device will transmit the data word to be written into the 
addressed memory location. The 24AA65 acknowl
edges again and the master generates a stop condi
tion. This initiates the internal write cycle, and during 
this time the 24AA65 will not generate acknowledge 
signals (see Figure 5-1 ). 

5.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24AA65 in the same way as 
in a byte write. But instead of generating a stop condi
tion the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily 
stored in the on-chip page cache of the 24AA65. They 
will be written from the cache into the EEPROM array 
after the master has transmitted a stop condition. After 
the receipt of each word, the six lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remain 
constant. If the master should transmit more than eight 
bytes prior to generating the stop condition (writing 
across a page boundary), the address counter (lower 
three bits) will roll over and the pointer will be incre
mented to point to the next line in the cache. This can 
continue to occur up to eight times or until the cache is 
full, at which time a stop condition should be generated 
by the master. If a stop condition is not received, the 
cache pointer will roll over to the first line (byte 0) of the 
cache, and any further data received will overwrite pre
viously captured data. The stop condition can be sent 
at any time during the transfer. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin. The 64 byte cache will con
tinue to capture data until a stop condition occurs or the 
operation is aborted (see Figure 5-2). 

s 
Bus Activity: a Control Word Word 
Master r Byte Address (1) Address (0) Data o 

t ~ ,---A----, ,------A----, ,------A----, p 

SDA Line ffiJl._.__[]JJ...L.....L...1--'-'--LI o I o_.__I o-'-'I l_.__I -'-'I 1--'-I _.__I IL......1...1 _._I L......1...1 I _._I L...LI I-LI .L.J.I I-LI .L.11 l_J_I ..L.JI l_J_D 
Bus Activity A A A A 

c c c c 
K K K K 

© 1995 Microchip Technology Inc. Preliminary DS21056D-page 5-37 

II 



24AA65 

FIGURE 5-2: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 9-2) 

s 
t 

Word Word 

s 
Bus Activity: a Control 
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SDA Line D1Jl ITO 1010101 : : : : I I : : : : : : : I I : : : : : : : I DC : : : : I D 
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FIGURE 5-3: CURRENT ADDRESS READ 
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FIGURE 5-4: RANDOM READ 

s 
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FIGURE 5-5: SEQUENTIAL READ 
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6.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 

6.1 Current Address Read 

The 24AA65 contains an address counter that main
tains the address of the last word accessed. internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read oper
ation would access data from address n + 1. Upon 
receipt of the slave address with RJW bit set to one, the 
24AA65 issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24AA65 discontinues transmission (see Figure 5-3). 

6.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA65 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con
trol byte again but with the RJW bit set to a one. The 
24AA65 will then issue an acknowledge and transmit 
the eight bit data word. The master will not acknowl
edge the transfer but does generate a stop condition 
which causes the 24AA65 to discontinue transmission 
(see Figure 5-4). 

6.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24AA65 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24AA65 to transmit the 
next sequentially addressed 8 bit word (see Figure 5-
5). Following the final byte transmitted to the master, 
the master will NOT generate an acknowledge but will 
generate a stop condition. 

To provide sequential reads the 24AA65 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

6.4 Contiauous Addressing Across 
Multiple Devices 

The device select bits A2, A 1, AO can be used to 
expand the contiguous address space for up to 512K 
bits by adding up to eight 24LC65's on the same bus. 

24AA65 

In this case, software can use AO of the control bvte as 
address bit A13, A1 as address bit A14, and A2 as 
address bit A 15. 

6.5 Noise Protection 

The SCL and SDA inputs have filter circuits which sup
press noise spikes to assure proper device operation 
even on a noisy bus. All 1/0 lines incorporate Schmitt 
triggers for 400 kHz (Fast Mode) compatibility. 

6.6 High Endurance Block 

The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/Rl:) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance. This block will be capable of 
10,000,000 ERASE/WRITE cycles (see Figure 9-1). 

6.7 Security Options 

The 24AA65 has a sophisticated mechanism for write
protecting portions of the array. This write protect func
tion is programmable and allows the user to protect 0-
15 contiguous 4K blocks. The user sets the security 
option by sending to the device the starting block num
ber for the protected region and the number of blocks 
to be protected. If the security option is invoked with 0 
blocks protected, then all portions of the array will be 
unprotected. All parts will come from the factory in the 
default configuration with the starting block number set 
to 15 and the number of protected blocks set to zero. 
THE SECURITY OPTION CAN BE SET ONLY ONCE. 

To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (see Figure 9-1 ). Bits 1-4 of the 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101 X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the ti rst address 
byte. A byte of don't care bits is then sent by the mas
ter, with the device acknowledging afterwards. The 
third byte sent to the device has bit 7 (S/H E) set high 
and bit 6 (R) set low. Bits 4 and 5 are don't cares and 
bits 0-3 define the number of blocks to be write pro
tected. For example, if three blocks are to be pro
tected, the third byte would be 10XX0011. After the 
third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 
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During a normal write sequence, if an attempt is made 
to write to a protected address, no data will be written 
and the device will not report an error or abort the com
mand. If a write command is attempted across a 
secure boundary, unprotected addresses will be written 
and protected addresses will not. 

6.8 Security Configuration Read 

The status of the secure portion of memory can be read 
by using the same technique as programming this 
option except the READ bit {bit 6) of the configuration 
byte is set to a one. After the configuration byte is sent, 
the device will acknowledge and then send two bytes 
of data to the master just as in a normal read sequence. 
The master must acknowledge the first byte and not 
acknowledge the second, and then send a stop bit to 
end the sequence. The upper four bits of both of these 
bytes will always be read as '1's. The lower four bits of 
the first byte contains the starting secure block. The 
lower four bits of the second byte contains the number 
of secure blocks. The default starting secure block is 
fifteen and the default number of secure blocks is zero 
(see Figure 9-1). 

7.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete {this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (RIW = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 7-1 for flow dia
gram. 

FIGURE 7-1: ACKNOWLEDGE POLLING 
FLOW 
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8.0 PAGE CACHE AND ARRAY 
MAPPING 

The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
f)ages are loaded into the cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. 
Even if a page is only partially loaded, it will still require 
the same cycle time as a full page. If more than 64 
bytes of data are loaded before the stop bit is given, the 
address pointer will 'wrap around' to the beginning of 
cache page O and existing bytes in the cache will be 
overwritten. The device will not respond to any com
mands while the write cycle is in progress. 

8.1 Cache Write Starting at a Page 
Boundary 

If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, (see 
Figure 9-2) a write command is initiated starting at byte 
O of page 3 with a fully loaded cache (64 bytes). The 
first byte in the cache is written to byte O of page 3 (of 
the array), with the remaining pages in the cache writ
ten to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 

8.2 Cache Write Starting at a Non-Page 
Boundary 

When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, 
the first byte loaded into the cache is always loaded 
into page 0. The byte within page O of the cache where 
the load begins is determined by the three least signif
icant address bits (A2, A 1, AO) that were sent as part of 
the write command. If the write command does not 
start at byte O of a page and the cache is fully loaded, 
then the last byte(s) loaded into the cache will roll 
around to page 0 of the cache and fill the remaining 
empty bytes. If more than 64 bytes of data are loaded 
into the cache, data already loaded will be overwritten. 
In the example shown in Figure 9-3, a write command 
has been initiated starting at byte 2 of page 3 in the 
array with a fully loaded cache of 64 bytes. Since the 
cache started loading at byte 2, the last two bytes 

24AA65 

loaded into the cache will 'roll over' and be loaded into 
the first two bytes of page O (of the cache). When the 
stop bit is sent, page 0 of the cache is written lo page 3 
of the array. The remaining pages in the cache are 
then loaded sequentially to the array. A write cycle is 
executed after each page is written. If a partially 
loaded page in the cache remains when the STOP bit 
is sent, only the bytes that have been loaded will be 
written to the array. 

8.3 Power Management 

The design incorporaies a power siandby rnud" wl·'"" 
not in use and automatically powers off after the nor
mal termination of any operation when a stop bit is 
received and all internal functions are complete. This 
includes any error conditions, i.e. not receiving an 
acknowledge or stop condition per the two-wire bus 
specification. The device also incorporates Voo moni
tor circuitry to prevent inadvertent writes (data corrup
tion) during low-voltage conditions. The Voo monitor 
circuitry is powered off when the device is in standby 
mode in order to further reduce power consumption. 

9.0 PIN DESCRIPTIONS 

9.1 AO. A 1. A2 Chip Address Inputs 

The AO .. A2 inputs are used by the 24AA65 for multiple 
device operation and conform to the two-wire bus stan
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A 1, AO) in the control byte (see 
Figure 4-1 and Figure 9-1). 

9.2 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vee (typical 1 OKn for 100 kHz, 1 Kn for 400 
kHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

9.3 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 9·1: CONTROL SEQUENCE BIT ASSIGNMENTS 

Control Byte Address Byte 1 Address Byte 0 Configuration Byte 
,---A----, ,---A----, ,---A----, ,---A----, 

~ isloio~~l~~~l:l~I l~l+l+l·l·l~I I IRlxlxlmlml 
L___J t_____J S/HE L___l 

Slave Device 
Address Select 

Bits 

Security Read 
s 
t 
a 
r 
t 

Security Write 
s 
I 
a 
r 
t 

Acknowledges from Device 

L____J 

starting Block 
Number 

High Endurl,lnce Block Read 
s 
t 

Acknowledges from Device 

High Endurance Block Write 
s 
I 
a Acknowledges from Device 

r 

S/HE 

Block 
Count 

L____J 

Number of 
Blocks to 
Protect 
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FIGURE 9-2: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 

CD Write command initiated at byte O of page 3 in the array; 
First data byte is loaded into the cache byte 0. ® 64 bytes of data are loaded into cache. 

t cache page O 

cache 
byte O 

cache 
byte 1 

cache 
byte 7 

cache page 1 cache page 2 
bytes 8-15 bytes 1 6-23 

cache page 7 
bytes 56-63 

@ Write from cache into array initiated by STOP bit. 
© Remaining pages in cache are written 

to sequential pages in array. 
Page O of cache written to page 3 of array. 
Write cycle is executed after every page is written. 

(Jpia~g~e~oaipiagiel1Hp~aig~e~2t~~~~~~~~~=~~~~~r:~~:~~array row n [ page 3 page 4 • • • page 7 array row n + 1 

@ Last page in cache written to page 2 in next row. 

FIGURE 9-3: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 

Last 2 bytes @ 
loaded into 
page 0 of cache. 

CD Write command initiated; 64 bytes of data 
loaded into cache starting at byte 2 of page 0. 

@ Last 2 bytes loaded 'roll over' 
to beginning. 

' cache 
byte2 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

© Write from cache into array initiated by STOP bit. 
Page O of cache written to page 3 of array. @ Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 

~ 
Gp~a~g~e~oaJp~a~g!e31~p~a~ge~2~~tBlli~~TI"J~~@j~~~~~~dJrMJIB~~LllJ~~~~Mtilititfil!~fc\~~ r R!ig lli\~~ jf p!!i;i~g page 3 page 4 • • • page 7 ~g;-y 

_ n+1 

® Last 3 pages in cache written to next row in array. 
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24AA65 Product Identification System 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24AA65 • 
-~-, 

IP 

~ ...... ., p 
SM 

..._ ______ .... J Temperature Blank 
l Range: 

J Device: 24AA65 ..__ _______ l 24AA65T 

Sales and Supoort 

Plastic DIP (300 mil Body) 
Plastic SOIC (207 mil Body, EIAJ standard) 

O"Cto+70"C 

64K CMOS Serial EEPROM (100 kHz/400 kHz) 
64K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1 . Your local Microchip sales office 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345or1-602-786-7302. 
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MICROCHIP 24LC65 
64K 2.SV CMOS Smart Serial™ EEPROM 

FEATURES 

Voltage operating rar.ge: 2.5V to 6.0V 
- Peak write current 3 mA at 6.0V 
- Maximum read current 150 µA at 6.0V 
- Standby current 1 µA typical 

• Industry standard two wire bus protocol 12C™ 
compatible 
- Including 100 kHz (2.5V) and 400 kHz (5.0V) 

Modes 
• Programmable block security options 
• Programmable endurance options 
• Schmitt trigger, filtered inputs for noise suppres-

sion 
• Output slope control to eliminate ground bounce 
• Self-timed ERASE (E) and WRITE (W) cycles 
• Power on/off data protection circuitry 
• Endurance: 

- 10,000,000 E/W cycles guaranteed for a 
High Endurance Block 

- 100,000 E/W cycles guaranteed for a Stan-
dard Endurance Block 

8 byte page, or byte modes available 
1 page x 8 line input cache for fast write loads 
Electrostatic discharge protection > 4000V 
Data retention > 40 years 
8-pin PDIP/SOIC packages 
Temperature ranges: 

- Commercial: O'C to +70'C 
- Industrial: -40'C to +85'C 

• 2 ms typical write cycle time, byte or page 
• Up to 8 devices may be connected to the same 

bus for up to 512K bits total memory 

DESCRIPTION 

The Microchip Technology Inc. 24LC65 is a "smart" BK 
x 8 Serial Electrically Erasable PROM. This device 
has been developed for advanced, low power applica
tions such as personal communications, and provides 
the systems designer with flexibility through the use of 
many new user-programmable features. The 24LC65 
offers a relocatable 4K bit block of ultra-high-endur
ance memory for data that changes frequently. The 
remainder of the array, or 60K bits, is rated at 100,000 
ERASE/WRITE (E/W) cycles guaranteed. The 24LC65 
features an input cache for fast write loads with a 
capacity of eight pages, or 64 bytes. This device also 
features programmable security options for E/W pro
tection of critical data and/or code of up to fifteen 4K 

12C is a trademark of Philips Corporation. 
Smart Serial is a trademark of Microchip Technology Inc. 

© 1995 Microchip Technology Inc. 

PACKAGE TYPE 

I DIP '-" 

AO 

A1 2 in co 
0 

A2 3 ..J .... 
N 

Vss 4 

SOIC 

AO 

A1 2 in co 
0 
..J 

A2 3 .... 
N 

Vss 4 

BLOCK DIAGRAM 

SDA 

VccQ-
Vss[)--~ 

8 

7 

6 

5 

8 

7 

6 

5 

Vee 

NC 

SCL 

SDA 

Vee 

NC 

SCL 

SDA 

EEPROM ARRAY 

Sense AMP 
R/WControl 

blocks. Functional address lines allow the connection 
of up to eight 24LC65's on the same bus for up to 512K 
bits contiguous EEPROM memory. Advanced CMOS 
technology makes this device ideal for low-power 
non-volatile code and data applications. The 24LC65 
is available in the standard 8-pin plastic DIP and 8-pin 
surface mount SOIC package. 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vec ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss ..... -0.6V to Vee + 1.0V 

Storage temperature ........................... -65°C to+ 150°C 

Ambient temp. with power applied ..... -65°C to+ 125°C 

Soldering temperature of leads (10 seconds) .. +300°C 

ESD protection on all pins ...................................... <: 4 kV 

*Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Sym 

AO, A 1, A2, SCL and SDA pins: 
High level input voltage VIH 
Low level input voltage VIL 
Hysteresis of Schmitt Trigger inputs VHYS 
Low level output voltage VOL 

Input leakage current Ju 

Output leakage current ILO 

Internal capacitance CINT 
(all inputs/outputs) 

Operating current Ice WRITE 
Jee Read 

Standby current Ices 

Min 

.?Vee 
-

.05 Vee 
-

-10 

-10 

-

-
-
-

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

AO .. A2 User Configurable Chip Selects 

Vss Ground 

SDA Serial Address/Data/1/0 

SCL Serial Clock 

Vee +2.5V to 6.0V Power Supply 

NC No Internal Connection 

Vee = +2.5V to +6.0V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb= -40°C to +85°C 

Max Units Conditions 

- v 
.3 Vee v 

- v Note 1 
.40 v IOL=3.0mA 

10 µA VIN = .1 v to Vee 

10 µA VOUT = .1V to Vee 

10 pF Vee= 5.0V (Note 1) 
Tamb = 25°C, Fclk = 1 MHz 

3 mA Vee = 6.0V, SCL = 400 kHz 
150 µA Vee = 6.0V, SCL = 400 kHz 

50 µA Vee = 5.0V, SCL = SDA = Vee 
Note 1 

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

FIGURE 1-1: BUS TIMING START/STOP 

VHYS 

SCL ----
THD:STA 

Tsu:srn 

SDA ------.--.I 

START STOP 
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TABLE 1-3: AC CHARACTERISTICS 

Vee = 2.SV-6.0V Vee = 4.5-6.0V 

Parameter Symbol STD.MODE FAST MODE Units Remarks 

Min Max Min Max 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note 1 

SDA and SCL fall time TF - 300 - 300 ns Note 1 

START condition setup time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time Tsu:sTA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time Tsu:DAT 250 - 100 - ns 

STOP condition setup time Tsu:sro 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note2 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH min ToF - 250 20 + 0.1 250 ns Note 1, Cs:;; 100 pF 
to VIL max CB 

Input filter spike suppression TSP NIA N/A 0 50 ns Note 3 
(SDA and SCL pins) 

Write cycle time TwR - 5 - 5 ms/pa Note4 
ge 

Note 1: Not 100 percent tested. Cs= total capacitance of one bus line in pF. 
Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 

(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 
Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 

cache for total time. 

FIGURE 1-2: BUS TIMING DATA 

SCL 

SDA 
IN 

SDA 
OUT 
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2.0 FUNCTIONAL DESCRIPTION 
The 24LC65 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC65 works 
as slave. Both master and slave can operate as trans
mitter or receiver but the master device determines 
which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3-1 ). 

3.1 Bus not Busy (A) 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24LC65) must leave the data line 
HIGH to enable the master to generate the STOP con
dition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (8) 
SCL ----1---1-~ 

SDA 

START CONDITION 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 
(Figure 4-1) 

A control byte is the first byte received following the 
start condition from the master device. The control 
byte consists of a four bit control code, for the 24LC65 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the device 
select bits (A2, A 1, AO). They are used by the master 
device to select which of the eight devices are to be 
accessed. Tnese bits are in effeci ihe ihree mos{ :>ig
nificant bits of the word address. The last bit of the con
trol byte defines the operation to be performed. When 
set to a one a read operation is selected, when set to a 
zero a write operation is selected. The next two bytes 
received define the address of the first data byte (see 
Figure 5-1). Because only A 12 .. AO are used, the upper 
three address bits must be zeros. The most significant 
bit of the most significant byte is transferred first. Fol
lowing the start condition, the 24LC65 monitors the 
SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri
ate device select bits, the slave device (24LC65) out
puts an acknowledge signal on the SDA line. 
Depending upon the state of the RiW bit, the 24LC65 
will select a read or write operation. 

Operation Control Code Device Select 

Read 1010 Device Address 

Write 1010 Device Address 

FIGURE 4-1: CONTROL BYTE 
ALLOCATION 

START 

/ 
SLAVE ADDRESS 

0 0 

FIGURE 5·1: BYTE WRITE 

s 

A1 

RiW 

1 

0 

Bus Activity: a Control Word 
Master r Byte Address (1) 

24LC65 

5.0 WRITE OPERATION 

5.1 Byte Write 

Following the start condition from the master, the con
trol code (four bits), the device select (three bits), and 
the RiW bit which is a logic low is placed onto the bus 
by the master transmitter. This indicates to the 
addressed slave receiver (24LC65) that a byte with a 
word address will follow after it has generated an 
acknowledge bit during the ninth clock cycle. There
fore the next byte transmitted by the master is the 
high-order byte of !he word address and will be written 
into the address pointer of the 24LC65. The next byte 
is the least significant address byte. After receiving 
another acknowledge signal from the 24LC65 the mas
ter device will transmit the data word to be written into 
the addressed memory location. The 24LC65 
acknowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24LC65 will not generate acknowl
edge signals (see Figure 5-1 ). 

5.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC65 in the same way as 
in a byte write. But instead of generating a stop condi
tion the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily 
stored in the on-chip page cache of the 24LC65. They 
will be written from the cache into the EEPROM array 
after the master has transmitted a stop condition. After 
the receipt of each word, the six lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remain 
constant. If the master should transmit more than eight 
bytes prior to generating the stop condition (writing 
across a page boundary), the address counter (lower 
three bits) will roll over and the pointer will be incre
mented to point to the next line in the cache. This can 
continue to occur up to eight times or until the cache is 
full, at which time a stop condition should be generated 
by the master. If a stop condition is not received, the 
cache pointer will roll over to the first line (byte 0) of the 
cache, and any further data received will overwrite pre
viously captured data. The stop condition can be sent 
at any time during the transfer. As with the byte write 
operation, once the stop condition is received an inter
nal write cycle will begin. The 64 byte cache will con
tinue to capture data until a stop condition occurs or the 
operation is aborted (see Figure 5-2). 

Word 
Address (0) Data 

s 

0 

t ~ ~ ,____A---, ,--------A--, p 

SDA Line 01Jl.__._DTl...___.___._._._lo,_,_jolo_.__I .._.I l_._I _,__I ....... 11_,_l .J....Jll_._I _,__I ....... 11-l....I .J....JI l-1.l ...!..I 1...1.I l_J._I .J....JI l...J...JD 
Bus Activity A A 

c c 
K K 
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FIGURE 5-2: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 9-2) 
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FIGURE 5-3: CURRENT ADDRESS READ 
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FIGURE 5-4: RANDOM READ 
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FIGURE 5-5: SEQUENTIAL READ 
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6.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 

6.1 Current Address Read 

The 24LC65 contains an address counter that main
tains the address of the last word accessed, internally 
incremented oy one. Therefore, ii ihe prnviuus access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read oper
ation would access data from address n + 1. Upon 
receipt of the slave address with RJW bit set to one, the 
24LC65 issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24LC65 discontinues transmission (see Figure 5-3). 

6.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC65 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con
trol byte again but with the R!W bit set to a one. The 
24LC65 will then issue an acknowledge and transmit 
the eight bit data word. The master will not acknowl
edge the transfer but does generate a stop condition 
which causes the 24LC65 to discontinue transmission 
(see Figure 5-4). 

6.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24LC65 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24LC65 to transmit the 
next sequentially addressed 8 bit word (see 
Figure 5-5). Following the final byte transmitted to the 
master, the master will NOT generate an acknowledge 
but will generate a stop condition. 

To provide sequential reads the 24LC65 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

© 1995 Microchip Technology Inc. 
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6.4 Contiguous Addressing Across 
Multiple Devices 

The device select bits A2, A 1, AO can be used to 
expand the contiguous address space for up to 512K 
bits by adding up to eight 24LC65's on the same bus. 
In this case, software can use AO of the control byte as 
address bit A13, A1 as address bit A14, and A2 as 
address bit A 15. 

6.5 Noise Protection 

The ::>CL and SDA inputs have iiiier 1,;ircuib which sup
press noise spikes to assure proper device operation 
even on a noisy bus. All 1/0 lines incorporate Schmitt 
triggers for 400 KHz (Fast Mode) compatibility. 

6.6 High Endurance Block 

The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (SIRE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance. This block will be capable of 
10,000,000 ERASE/WRITE cycles typical (see 
Figure 9-1 ). 
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6.7 Security Options 

The 24LC65 has a sophisticated mechanism for 
write-protecting portions of the array. This write protect 
function is programmable and allows the user to pro
tect 0-15 contiguous 4K blocks. The user sets the 
security option by sending to the device the starting 
block number for the protected region and the number 
of blocks to be protected. If the security option is 
invoked with 0 blocks protected, then all portions of the 
array will be unprotected. All parts will come from the 
factory in the default configuration with the starting 
block number set to 15 and the number of protected 
blocks set to zero. THE SECURITY OPTION CAN BE 
SET ONLY ONCE. 

To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
addressbytesettoa 1 (see Figure 9-1). Bits 1-4ofthe 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1 XX0101X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first address 
byte. A byte of don't care bits is then sent by the master, 
with the device acknowledging afterwards. The third 
byte sent to the device has bit 7 (S/HE) set high and bit 
6 (R) set low. Bits 4 and 5 are don't cares and bits 0-3 
define the number of blocks to be write protected. For 
example, if three blocks are to be protected, the third 
byte would be 10XX0011. After the third byte is sent to 
the device, it will acknowledge and a STOP bit is then 
sent by the master to complete the command. 

During a normal write sequence, if an attempt is made 
to write to a protected address, no data will be written 
and the device will not report an error or abort the com
mand. If a write command is attempted across a 
secure boundary, unprotected addresses will be written 
and protected addresses will not. 

6.8 Security Configuration Read 

The status of the secure portion of memory can be read 
by using the same technique as programming this 
option except the READ bit (bit 6) of the configuration 
byte is set to a one. After the configuration byte is sent, 
the device will acknowledge and then send two bytes 
of data to the master just as in a normal read sequence. 
The master must acknowledge the first byte and not 
acknowledge the second, and then send a stop bit to 
end the sequence. The upper four bits of both of these 
bytes will always be read as '1's. The lower four bits of 
the first byte contains the starting secure block. The 
lower four bits of the second byte contains the number 
of secure blocks. The default starting secure block is 
fifteen and the default number of secure blocks is zero 
(see Figure 9-1 ). 
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7.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 7-1 for flow dia
gram. 

FIGURE 7-1: ACKNOWLEDGE POLLING 
FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 

Send Start 

Send Control Byte 
with RfW=O 

Next 
Operation 
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8.0 PAGE CACHE AND ARRAY 
MAPPING 

The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. 
Even if a page is only partially loaded, it will still require 
the same cycle time as a full page. If more than 64 
bytes of data are loaded before the stop bit is given, the 
address pointer will 'wrap around' to the beginning of 
cache page 0 and existing bytes in the cache will be 
overwritten. The device will not respond to any com
mands while the write cycle is in progress. 

8.1 Cache Write Starting at a Page 
Boundary 

If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, (see 
Figure 9-2) a write command is initiated starting at byte 
0 of page 3 with a fully loaded cache (64 bytes). The 
first byte in the cache is written to byte O of page 3 (of 
the array), with the remaining pages in the cache writ
ten to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 

8.2 Cache Write Starting at a Non-Page 
Boundary 

When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, 
the first byte loaded into the cache is always loaded 
into page 0. The byte within page O of the cache where 
the load begins is determined by the three least signif
icant address bits (A2, A 1, AO) that were sent as part of 
the write command. If the write command does not 
start at byte 0 of a page and the cache is fully loaded, 
then the last byte(s) loaded into the cache will roll 
around to page O of the cache and fill the remaining 
empty bytes. If more than 64 bytes of data are loaded 
into the cache, data already loaded will be overwritten. 
In the example shown in Figure 9-3, a write command 
has been initiated starting at byte 2 of page 3 in the 
array with a fully loaded cache of 64 bytes. Since the 
cache started loading at byte 2, the last two bytes 
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loaded into the cache will 'roll over' and be loaded into 
the first two bytes of page 0 (of the cache). When the 
stop bit is sent, page 0 of the cache is written to page 3 
of the array. The remaining pages in the cache are 
then loaded sequentially to the array. A write cycle is 
executed after each page is written. If a partially 
loaded page in the cache remains when the STOP bit 
is sent, only the bytes that have been loaded will be 
written to the array. 

8.3 Power Management 

The design incorporates a power standby mode when 
not in use and automatically powers off after the nor
mal termination of any operation when a stop bit is 
received and all internal functions are complete. This 
includes any error conditions, i.e. not receiving an 
acknowledge or stop condition per the two-wire bus 
specification. The device also incorporates Voo moni
tor circuitry to prevent inadvertent writes (data corrup
tion) during low-voltage conditions. The VDD monitor 
circuitry is powered off when the device is in standby 
mode in order to further reduce power consumption. 

9.0 PIN DESCRIPTIONS 

9.1 AO.A1.A2 Chip Address Inputs 

The AO .. A2 inputs are used by the 24LC65 for rnultiplo 
device operation and confonn to tho two-wir11 bw; ,,f;u1 · 
dard. The levels applied lo thnso pin" d11fi110 tho 
address block occupied by the dovico ill th11 ;uldrn,;,; 
map. A particular device is selectod by 1rarl'.r11i1t1r1q tl111 
corresponding bits (A2, A1, AO) in tho control l>yto U;1111 

Figure 4-1 and Figure 9-1). 

9.2 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 10Kn for 100 KHz, 1Knfor400 
KHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi
tions. 

9.3 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 9-1: CONTROL SEQUENCE BIT ASSIGNMENTS 
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FIGURE 9-2: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 

CD Write command initiated at byte O of page 3 in the array; 
First data byte is loaded into the cache byte 0. ® 64 bytes of data are loaded into cache. 

t cache page O 

cache 
byte 1 

" 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

@ Write from cache into array initiated by STOP bit. 
Page O of cache written to page 3 of array. 
Write cycle is executed after every page is written. 

© Remaining pages in cache are written 
to sequential pages in array. 

page o page 1 ij~~~z• array row n 
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FIGURE 9-3: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 
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@ 
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\ © Write from cache into array initiated by STOP bit. 
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Write cycle is executed after every page Is written. written sequentially to array. 
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® Last 3 pages in cache written to next row in array. 
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24LC65 Product Identification System 

To order or to obtain Information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24LC65 - IP 

·~-., 
--------iJ Temperature 

I Range: 

j Device: 
~~~~~~~-ti 

Sales and Support 

p 
SM 

Blank 
I 

24LC65 
24LC65T 

Plastic DIP (300 mil Body) 
Plastic SOIC (207 mil Body, EIAJ standard) 

0°Cto+?0°C 
-40°C to +85°C 

64K CMOS Serial EEPROM (100 kHz/400kHz) 
64K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1 . Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board. via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 24C65 
64K 5.0V CMOS Smart Serial™ EEPROM 

FEATURES 

• Voltage operating range: 4.SV to 5.SV 
Peak write current 3 mA at 5.5V 

- Maximum read current 150 µA at 5.5V 
- Standby current 1 µA typical 

• Industry standard two wire bus protocol, 12crM 

compatible 
- Including 400 KHz Mode 

• Programmable block security options 
• Programmable endurance options 
• Schmitt trigger, filtered inputs for noise suppres-

sion 
• Output slope control to eliminate ground bounce 
• Self-timed ERASE (E) and WRITE (W) cycles 
• Power on/off data protection circuitry 
• Endurance: 

- 10,000,000 E/W cycles guaranteed for 
High Endurance Block 
100,000 E/W cycles guaranteed for a Stan
dard Endurance Block 

• 8 byte page, or byte modes available 
• 1 page x 8 line input cache for fast write loads 
• Electrostatic discharge protection > 4000V 
• Data retention > 40 years 
• 8-pin PDIP/SOIC packages 
• Temperature ranges: 

- Commercial: o·c to +70"C 
- Industrial: -40"C to +ss·c 

• 2 ms typical write cycle time, byte or page 
• Up to 8 devices may be connected to the same 

bus for up to 512K bits total memory 

DESCRIPTION 

The Microchip Technology Inc. 24C65 is a "smart" SK x 
8 Serial Electrically Erasable PROM (EEPROM). This 
device has been developed for advanced, low power 
applications such as personal communications, and 
provides the systems designer with flexibility through 
the use of many new user-programmable features. 
The 24C65 offers a relocatable 4K bit block of 
ultra-high-endurance memory for data that changes 
frequently. The remainder of the array, or 60K bits, is 
rated at 100,000 ERASE/WRITE (E/W) cycles guaran
teed. The 24C65 features an input cache for fast write 
loads with a capacity of eight pages, or 64 bytes. This 
device also features programmable security options 
for E/W protection of critical data and/or code of up to 

12C is a trademark of Philips Corporation 
Smart Serial is a trademark of Microchip Technology, Inc. 

© 1995 Microchip Technology Inc. 

PIN CONFIGURATIONS 
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SCL 

SDA 

Sense AMP 
R/WControl 

fifteen 4K blocks. Functional address lines allow the 
connection of up to eight 24C65's on the same bus for 
up to 512K bits contiguous EEPROM memory. 
Advanced CMOS technology makes this device ideal 
for low-power nonvolatile code and data applications. 
The 24C65 is available in the standard 8-pin plastic DIP 
and 8-pin surface mount SOIC package. 
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1.0 ELECmlCAL CHARACTERISTICS 

1.1 Maximum Ratings• 

Vcc ........................................................................ 7.0V 

All inputs and outputs w.r.t. Vss .... -0.6V to Vee + 1.0V 

Storage temperature .......................... -65°C to + 150°C 

Ambient temp. with power applied ..... -65°C to + 125°C 

Soldering temperature of leads (10 seconds) .. +300°C 

ESD protection on all pins ...................................... <: 4 kV 

*Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

Parameter Symbol 

AO, A 1, A2, SCL and SDA pins: 
High level input voltage V!H 
Low level input voltage VIL 
Hysteresis of Schmitt Trigger inputs VHYS 
Low level output voltage VOL 

Input leakage current lu 

Output leakage current ILO 

Internal capacitance CINT 
(all inputs/outputs) 

Operating current Ice Write 
Ice Read 

Standby current Ices 

Min 

.?Vee 
-

.05 Vee 
-
-10 

-10 

-

-
-
-

TABLE 1-1: PIN FUNCTION TABLE 

Name Function 

AO .. A2 User Configurable Chip Selects 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

Vee +4.5V to 5.5V Power Supply 

NC No Internal Connection 

Vee= +4.5V to +5.5V 
Commercial (C): Tamb = o·c to +70'C 
Industrial (1): Tamb = -40° to +85°C 

Max Units Conditions 

- v 
.3 Vee v 

- v Note 1 
.40 v IOL = 3.0 mA 

10 µA VIN= .1Vto Vee 

10 µA VOUT = .1V to Vee 

10 pF Vee = 5.0V (Note 1) 
Tamb = 25°C, FCLK = 1 MHz 

3 mA Vee = 5.5V, SCL = 400 kHz 
150 µA Vee = 5.5V, SCL = 400 kHz 

5 µA Vee= 5.5V, SCL = SDA =Vee 
Note 1 

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

FIGURE 1-1: BUSTIMING START/STOP 

VHYS 

SCL ----
THD:STA 

Tsu:sTA Tsu:sro 

SDA -------.--,, 

START STOP 

DS21058E-page 5-58 © 1995 Microchip Technology Inc. 



24C65 

TABLE 1-3: AC CHARACTERISTICS 

Vee = 4.SV-5.SV 
Parameter Symbol Units Remarks 

Min Max 

Clock frequency FCLK 0 400 kHz 

Clock high time THIGH 600 - ns 

Clock low time TLOW 1300 - ns 

SDA and SCL rise time TR - 300 ns Note 1 

SDA and SCL fall time TF - 300 ns Note 1 

START condition hold time THD:STA 600 - ns After this period the first clock pulse is 
generated 

START condition setup time Tsu:STA 600 - ns Only relevant for repeated START 
condition 

Data input hold time THD:DAT 0 - ns 

Data input setup time Tsu:OAT 100 - ns 

STOP condition setup time Tsu:sTo 600 - ns 

Output valid from clock TAA - 900 ns Note 2 

Bus free time TBUF 1300 - ns Time the bus must be free before a 
new transmission can start 

Output fall time from V1H min to TOF 20 +0.1 250 ns Note 1, CB~ 100 pF 
VIL max CB 

------

Input filter spike suppression TSP 0 50 ns Note 3 
(SDA and SCL pins) 

Write cycle time TWR - 5 ms/page Note 4 

Note 1: Not 100 percent tested. CB= total capacitance of one bus line in pF. 
Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 

(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 

noise and spike suppression. This eliminates the need for a Tl specification for standard operation. 
Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 

cache for total time. 

FIGURE 1-2: BUS TIMING DATA 

SCL 

SDA 
IN 

SDA 
OUT 
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2.0 FUNCTIONAL DESCRIPTION 
The 24C65 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C65 works 
as slave. Both master and slave can operate as trans
mitter or receiver but the master device determines 
which mode is activated. 

3.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

• Data transfer may be initiated only when the bus 
is not busy. 

• During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (See Figure 3-1 ). 

3.1 Bus not Busy (A) 

Both data and clock lines remain HIGH. 

3.2 Start Data Transfer CB) 

A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi
tion. 

3.3 Stop Data Transfer CC) 

A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 

3.4 Data Valid CD) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 

3.5 Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDAline is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24C65) must leave the data line HIGH 
to enable the master to generate the STOP condition. 

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL ---+-___,~ 

SDA 

START CONDITION 
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4.0 BUS CHARACTERISTICS 

4.1 Device Addressing and Operation 
(Figure 4-1) 

A control byte is the first byte received following the start 
condition from the master device. The control byte con
sists of a four bit control code, for the 24C65 this is set 
as 1010 binary for read and write operations. The next 
three bits of the control byte are the device select bits 
(A2, A 1, AO). They are used by the master device to 
select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte (R/W) 
defines the operation to be performed. When set to a 
one a read operation is selected, when set to a zero a 
write operation is selected. The next two bytes received 
define the address of the first data byte (see Figure 5-1 ). 
Because only A12 .. AO are used, the upper three 
address bits must be zeros. The most significant bit of 
the most significant byte is transferred first. Following 
the start condition, the 24C65 monitors the SDA bus 
checking the device type identifier being transmitted. 
Upon receiving a 1010 code and appropriate device 
select bits, the slave device (24C65) outputs an 
acknowledge signal on the SDA line. Depending upon 
the state of the RiW bit, the 24C65 will select a read or 
write operation. 

Operation Control 
Device Select Code 

Read 1010 Device Address 

Write 1010 Device Address 

FIGURE 4-1: CONTROL BYTE 
ALLOCATION 

START READ/WRITE 

/ 
SLAVE ADDRESS 

0 0 

FIGURE 5-1: BYTE WRITE 
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t 

' 

RiW 

1 

0 
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5.0 WRITE OPERATION 

5.1 Byte Write 

Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
RiW bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver (24C65) that a byte with a word address 
will follow after it has generated an acknowledge bit dur
ing the ninth clock cycle. Therefore the next byte trans
mitted by the master is the high-order byte of the word 
address and will be written into the address pointer of 
the 24C65. The next byte is the least significant address 
byte. After receiving another acknowledge signal from 
the 24C65 the master device will transmit the data word 
to be written into the addressed memory location. The 
24C65 acknowledges again and the master generates a 
stop condition. This initiates the internal write cycle, and 
during this time the 24C65 will not generate acknowl
edge signals (see Figure 5-1). 

5.2 Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24C65 in the same way as in 
a byte write. But instead of generating a stop condition 
the master transmits up to eight pages of eight data 
bytes each (64 bytes totaO which are temporarily stored 
in the on-chip page cache of the 24C65. They will bo 
written from the cache into the EEPROM array after the 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition is not received, the cache pointer will roll over 
to the first line (byte 0) of the cache, and any further data 
received will overwrite previously captured data. The 
stop condition can be sent at any time during the trans
fer. As with the byte write operation, once the stop con
dition is received an internal write cycle will begin. The 
64 byte cache will continue to capture data until a stop 
condition occurs or the operation is aborted (see 
Figure 5-2). 

Bus Activity: 
Master ~ c~~::1 Ad::s~ (1) Ad::: (0) Data 0 

,----A--, ,----A--, ~ ~ p 

s 
t 

SDA Lirie ITLJl~OJJ~~'o~lol~ol~ll~l~ll~l~ll~ll~l~ll~l~ll~l~ll~ll~l~ID 
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FIGURE 5-2: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 9·2) 
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6.0 READ OPERATION 
Read operations are initiated in the same way as write 
operations with the exception that the RiW bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 

6.1 Current Address Read 

The 24C65 contains an address counter that maintains 
th~ address of the !ast word access~d. !!'"!te!'!'!a!!y !r!cre~ 
mented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read oper
ation would access data from address n + 1. Upon 
receipt of the slave address with RJW bit set to one, the 
24C65 issues an acknowledge and transmits the eight 
bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24C65 discontinues transmission (see Figure 5-3). 

6.2 Random Read 

Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24C65 as part of a write operation (RiW bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con
trol byte again but with the R!W bit set to a one. The 
24C65 will then issue an acknowledge and transmit the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition which 
causes the 24C65 to discontinue transmission (see 
Figure 5-4). 

6.3 Sequential Read 

Sequential reads are initiated in the same way as a ran
dom read except that after the 24C65 transmits the first 
data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24C65 to transmit the 
next sequentially addressed 8 bit word (see 
Figure 5-5). Following the final byte transmitted to the 
master, the master will NOT generate an acknowledge 
but will generate a stop condition. 

To provide sequential reads the 24C65 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 
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6.4 Contiguous Addressing Across 
Multiple Devices 

The device select bits A2, A1, AO can be used to 
expand the contiguous address space for up to 512K 
bits by adding up to eight 24C65's on the same bus. In 
this case, software can use AO of the control bvte as 
address bit A13, A1 as address bit A14, and A2 as 
address bit A 15. 

6.5 Noise Protection 

The SCL and SDA inputs have filter circuits which sup
press noise spikes to assure proper device operation 
even on a noisy bus. All 1/0 lines incorporate Schmitt 
triggers for 400 KHz (Fast Mode) compatibility. 

6.6 High Endurance Block 

The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance (see Figure 9-1). This block will be 
capable of 10,000,000 erase/write cycles. 

6.7 Security Options 

The 24C65 has a sophisticated mechanism for 
write-protecting portions of the array. This write protect 
function is programmable and allows the user to pro
tect 0-15 contiguous 4K blocks. The user sets the 
security option by sending to the device the starting 
block number for the protected region and the number 
of blocks to be protected. If the security option is 
invoked with O blocks protected, then all portions of the 
array will be unprotected. All parts will come from the 
factory in the default configuration with the starting 
block number set to 15 and the number of protected 
blocks set to zero. THE SECURITY OPTION CAN BE 
SET ONLY ONCE. 

To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (see Figure 9-1 ). Bits 1-4 of the 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101 X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first address 
byte. A byte of don't care bits is then sent by the mas
ter, with the device acknowledging afterwards. The 
third byte sent to the device has bit 7 (S/HE) set high 
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and bit 6 (R) set low. Bits 4 and 5 are don't cares and 
bits 0-3 define the number of blocks to be write pro
tected. For example, if three blocks are to be pro
tected, the third byte would be 10XX0011. After the 
third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 

During a normal write sequence, if an attempt is made 
to write to a protected address, no data will be written 
and the device will not report an error or abort the com
mand. If a write command is attempted across a 
secure boundary, unprotected addresses will be written 
and protected addresses will not. 

6.8 Security Configuration Read 

The status of the secure portion of memory can be read 
by using the same technique as programming this 
option except the READ bit (bit 6) of the configuration 
byte is set to a one. After the configuration byte is sent, 
the device will acknowledge and then send two bytes 
of data to the master just as in a normal read sequence. 
The master must acknowledge the first byte and not 
acknowledge the second, and then send a stop bit to 
end the sequence. The upper tour bits of both of these 
bytes will always be read as '1 's. The lower tour bits of 
the first byte contains the starting secure block. The 
lower tour bits of the second byte contains the number 
of secure blocks. The default starting secure block is 
fifteen and the default number of secure blocks is zero 
(see Figure 9-1 ). 
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7.0 ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device ini
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
tor a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 7-1 tor flow dia
gram. 

FIGURE 7-1: ACKNOWLEDGE POLLING 
FLOW 
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8.0 PAGE CACHE AND ARRAY 
MAPPING 

The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 

given. Maximum cycle time for each page is 5 ms. 
Even if a page is only partially loaded, it will still require 
the same cycle time as a full page. If more than 64 
bytes of data are loaded before the stop bit is given, the 
address pointer will 'wrap around' to the beginning of 
cache page 0 and existing bytes in the cache will be 
overwritten. The device will not respond to any com
mands while the write cycle is in progress. 

8.1 Cache Write Starting at a Page 
Boundary 

If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, (see 
Figure g.2) a write command is initiated starting at byte 
O of page 3 with a fully loaded cache (64 bytes). The 
first byte in the cache is written to byte O of page 3 (of 
the array), with the remaining pages in the cache writ· 
ten to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 

8.2 Cache Write Starting at a Non-Page 
Boundary 

When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, 
the first byte loaded into the cache is always loaded 
into page 0. The byte within page O of the cache where 
the load begins is determined by the three least signif
icant address bits (A2, A 1, AO) that were sent as part of 
the write command. If the write command does not 
start at byte O of a page and the cache is fully loaded, 
then the last byte(s) loaded into the cache will roll 
around to page O of the cache and fill the remaining 
empty bytes. If more than 64 bytes of data are loaded 
into the cache, data already loaded will be overwritten. 
In the example shown in Figure 9-3, a write command 
has been initiated starting at byte 2 of page 3 in the 
array with a fully loaded cache of 64 bytes. Since the 
cache started loading at byte 2, the last two bytes 
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loaded into the cache will 'roll over' and be loaded into 
the first two bytes of page 0 (of the cache). When the 
stop bit is sent, page 0 of the cache is written to page 3 
of the array. The remaining pages in the cache are 
then loaded sequentially to the array. A write cycle is 
executed after each page is written. If a partially 
loaded page in the cache remains when the STOP bit 
is sent, only the bytes that have been loaded will be 
written to the array. 

8.3 Power Management 

The design incorporates a power standby mode when 
not in use and automatically powers off after the nor
mal termination of any operation when a stop bit is 
received and all internal functions are complete. This 
includes any error conditions, i.e. not receiving an 
acknowledge or stop condition per the two-wire bus 
specification. The device also incorporates Voo moni
tor circuitry to prevent inadvertent writes (data corrup
tion) during low-voltage conditions. The Voo monitor 
circuitry is powered off when the device is in standby 
mode in order to further reduce power consumption. 

9.0 PIN DESCRIPTIONS 

9.1 AO. A 1. A2 Chip Address Inputs 

The AO .. A2 inputs are used by the 24C65 for multiple 
device operation and conform to the two-wire bus stan
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A 1, AO) in the control byte (see 
Figure 4-1 and Figure 9-1). 

9.2 SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vee (typical 1 OK.Q for 100 KHz, 1 K.Q for 400 
KHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi· 
tions. 

9.3 SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 9-1: CONTROL SEQUENCE BIT ASSIGNMENTS 
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FIGURE 9-2: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 

CD Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. ® 64 bytes of data are loaded into cache. 
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24C65 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

24C65 - IP 

~-·· 
----------1J Temperature 

I Range: 

J Device: 
~~~~~~~--ti 

Sales and Support 

p 
SM 

Blank 
I 

24C65 
24C65T 

Plastic DIP (300 mil Body) 
Plastic SOIC (207 mil Body, EIAJ standard) 

0°Cto+70°C 
.4o·c to +as·c 

64K CMOS Serial EEPROM (100 kHz/400kHz) 
64K CMOS Serial EEPROM (Tape and Reel) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3.The Microchip'• Bulletin Board. via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345or1-602-786-7302. 
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MICROCHIP 

lK 5.0V CMOS Serial EEPROM 

FEATURES 

• Low power CMOS technologv I 
• Pin selectable memory organization 

- 128 x 8 or 64 x 16 bit organization 

• Single 5 volt only operation 

• Self timed WRITE, ERAL and WRAL cycles 

• Automatic erase before WRITE 

• RDY/tIBY status information during WRITE 

• Power on/off data protection circuitry 

• 1,000,000 ERASE/WRITE cycles guaranteed 

• Data Retention > 40 Years 

• 8-pin DIP or SOIC package 

• Available for extended temperature ranges: 

Commercial: O'C to +70'C 

Industrial: -40'C to +85'C 

- Automotive: -40'C to +125'C 

DESCRIPTION 

The Microchip Technology Inc. 59C11 is a 1K bit Elec-
trically Erasable PROM. The device is configured as 
128 x 8 or 64 x 16, selectable externally by means of 
the control pin ORG. Advanced CMOS technology 
makes this device ideal for low power nonvolatile mem-
ory applications. The 59C11 is available in the stan-
dard 8-pin DIP and a surface mount SOIC package. 

© 1995 Microchip Technology Inc. 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

vcc .... , ........................ : ....... ; .................................. 7.0V 

All inputs and outputs w.r.t. Vss .... -0.6V to Vee+ 1.0V 

Storage temperature ....................... -65'C to +150'C 

Ambient temperature with 
power applied ..................................... -65'C to+ 125'C 

Soldering temperature of leads (1 o seconds) .. +300'C 

ESD protection on all pins ..................................... 4 kV 

*Notice: Stresses above those listed under "Maximum ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those Indicated In the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-2: DC CHARACTERISTICS 

jvcc = +5V (±10%) 

Parameter Symbol Min 

Vee detector threshold VTH 2.8 

High level input voltage VIH 2.0 

Low level input voltage VIL -0.3 

High level output voltage VOH 2.4 

Low level output voltage VOL -
Input leakage current Ill -
Output leakage current ILO -
Internal capacitance Ci NT -
(all inputs/outputs) 

Operating current (all modes) Ice write -
Standby current Ices -

TABLE 1-1: PIN FUNCTION TABLE 

Name .Function 

cs Chip Select 

CLK Serial Clock 

DI Data In 

DO Data Out 

Vss Ground 

ORG Memory Array Organization 

RDY/BSY Ready/Busy Status 

Vee +5V Power SUpply 

Commercial: Tamb =0°Cto 70°C 
Industrial: Tamb = -40°C to +85°C 
Automotive: Tamb = -40°C to 125°C 

Max Units Conditions 

4.5 v 

Vcc+1 v 

0.8 v 

- v IOH = -400 µA 

0.4 v IOL=3.2mA 

10 µA VIN = OV to Vee (Note 1) 

10 µA VOUT = OV to Vee (Note 1) 

7 pF ViNIVOlJT = ov (Note 2) 
Tamb = 25°C, f = 1 MHz 

4 mA FCLK = 1 MHz, Vee = 5.5V 

100 µA cs = ov, Vee = 5.5V 

Note 1: Internal resister pull-up at Pin 6. Active output at Pin 7. 
Note 2: This parameter is periodically sampled and not 1000/o tested. 

FIGURE 1-1: SYNCHRONOUS DATA TIMING 
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TABLE 1-3: AC CHARACTERISTICS 

Parameter Symbol 

Clock frequency FeLK 

Clock high time TeKH 

Clock low time TeKL 

Chip select setup time Tess 

Chip select hold time TesH 

Chip select low time Tes 

Data input setup time TDIS 

Data input hold time TDIH 

Data output delay time TPD 

Data output disable time (from CS = low) Tez 

Data output disable time (from last clock) TDDZ 

RDY/BSY delay time TRBD 

Program cycle time (Auto Erase and Write) Twc 

2.0 PIN DESCRIPTION 

2.1 Chip Select CCS) 

A HIGH level selects the device. A LOW level dese
lects the device and forces it into standby mode. How
ever, a WRITE cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a WRITE cycle, 
the device will go into standby mode as soon as the 
WRITE cycle is completed. 

CS must be LOW for 100 ns (TesL) minimum between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

2.2 Serial Clock (CLK) 

The Serial Clock is used to synchronize the communi
cation between a master device and the 59C 11. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 

CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin
ued anytime (with respect to clock high time (TeKH) and 
clock low time (TeKL)). This gives freedom in preparing 
opcode, address and data for the controlling master. 

CLK is a "Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but a START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for START condition). 

© 1995 Microchip Technology Inc. 
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Max Units Conditions 

1 MHz 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

400 ns CL= 100 pF 

100 ns CL= 100 pF 

400 ns CL= 100 pF 

400 ns 

1 ms for 8-bit mode 
15 ms for ERAL and WRAL 

in 8/16-bit modes 

CLK cycles are not required during the self-timed 
WRITE (i.e., auto erase/write) cycle. 

After detection of a START condition the specified 
number of clock cycles (respectively LOW to HIGH 
transitions of CLK) must be provided. These clock 
cycles are required to clock in all required opcode, 
address, and data bits before an instruction is executed 
(see instruction set truth table). When that limit has 
been reached, CLK and DI become "Don't Care" inputs 
until CS is brought LOW for at least chip select low time 
(TesL) and brought HIGH again and a WRITE cycle (if 
any) is completed. 

2.3 Data In (DI) 

Data In is used to clock in START bit, opcode, address 
and data synchronously with the CLK input. 

2.4 Data Out (DO) 

Data Out is used in the READ mode to output data syn
chronously with the CLK input (TPD after the positive 
edge of CLK). This output is in HIGH-Z mode except 
if data is clocked out as a result of a READ instruction. 

DI and DO can be connected together to perform a 3-
wire interface (CS, CLK, DI/DO). 

Care must be taken with the leading dummy zero which 
is output after a READ command has been detected. 
Also, the controlling device must not drive the DI/DO 
bus during WRITE cycles. 
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2.5 Organization (ORG) 

This input selects the memory array organization. 
When the ORG pin is connected to +5 V the 64 x 16 
organization is selected. When it is connected to 
ground, the 128 x 8 organization is selected. If the 
ORG pin is left unconnected, then an internal pull-up 
device will select the 64 x 16 organization. In applica
tions subject lo electrical noise, it is recommended that 
this pin not be left floating, but tied either high or low. 

2.6 Ready/Busv (RDY/BSV) 

Pin 7 provides RDY/BSY status information. RDY/BSY 
is low if the device is performing a WRITE, ERAL, or 
WRAL operation. When ii is HIGH the internal, self
timed WRITE, ERAL or WRAL operation has been 
completed and the device is ready to receive a new 
instruction. 

TABLE 3-1: INSTRUCTION SET 

3.0 DATA PROTECTION 
During power-up, all modes of operation are inhibited 
until Vee has reached a level of 2.8 V. During power
down, the source data protection circuitry acts to inhibit 
all modes when Vee has fallen below 2.8 V. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during nor
mal operation. 

After power-up, the device is automatically in the 
EWDS mode. Therefore, EWEN instruction must be 
performed before any WRITE, ERAL or WRAL instruc
tion can be executed. After programming is completed, 
the EWDS instruction offers added protection against 
unintended data changes. 

6X16 MODE, ORG = 1 

Instruction Start Bit Opcode Address Data In Data Out Number of 
Req. CLK CYcles 

READ 1 1 oxx A5 A4 A3 A2 A1 AO - 015-00 27 

WRITE 1 x 1 xx A5 A4 A3 A2 A1 AO 015-00 High-Z 27 

EWEN 1 0 0 1 1 x x x x x x - High-Z 11 

EWOS 1 0 0 0 0 x x x x x x - High-Z 11 

ERAL 1 0 0 1 0 x x x x x x - High-Z 11 

WRAL 1 0 0 0 1 x x x x x x 015-00 High-Z 27 

128 X 8 MODE, ORG = 0 

Instruction Start Bit Opcode Address 

READ 1 10XX A6 A5 A4 A3 

WRITE 1 x 1 xx A6 A5 A4 A3 

EWEN 1 0 0 1 1 x x x x 
----- -· 

EWOS 1 0 0 0 0 x x x x 
ERAL 1 0 0 1 0 x x x x 
WRAL 1 0 0 0 1 x x x x 

4.0 FUNCTIONAL DESCRIPTION 

4.1 START Condition 

The START bit is detected by the device if CS and DI 
are both High with respect to the positive edge of CLK 
for the first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition) without resulting in any device oper
ation (READ, WRITE, EWEN, EWDS, ERAL, and 
WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 
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A2 

A2 

x 
x 
x 
x 

Data In Data Out 
Number of 

Req. CLK CYcles 

A1 AO - 07-00 20 

A1 AO 07-00 High-Z 20 

x x - High-Z 12 

x x - High-Z 12 

x x - High-Z 12 

x x 07-00 High-Z 20 

An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e. clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 

4.2 DVDO Pins 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the "dummy zero" 
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that precedes the READ operation, if AO is a logic high 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, 
the higher the voltage at the Data Out pin. 

4.3 READ Mode 

The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
bit (logical 0) precedes the 8- or 16-bit output string. 
The output data changes during the high state of the 
system clock (CLK). The dummy bit is output TPD after 
the positive edge of CLK, which was used to clock in 

FIGURE 4-1: READ MODE 

NOTE: ORGANIZATION AN DN 

128x8 M D7 

64 x 16 /lS 015 

4.4 WRITE 

The WRITE instruction is followed by 8 or 16 bits of 
data which are written into the specified address. The 
most significant data bit (D15 or D7) has to be clocked 
in first followed.by the lower significant data bits (D14-
DO or D6 - DO). If a WRITE instruction is recognized 
by the device and all data bits have been clocked in, 

FIGURE 4-2: WRITE MODE 

cs =-zll 
SB OPCODE 

DI 

x 
DO 

NOTE: ORGANIZATION AN ON 

128x8 M D7 

64 x 16 /lS 015 
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x 

HIGH·Z 

x 

59C11 

the last address bit (AO). Therefore, care must be 
taken if DI and DO are connected together as a bus 
contention will occur for one clock cycle if AO is a one. 

DO will go into HIGH-Z mode with the positive edge of 
the next CLK cycle. This follows the output of the last 
data bit DO or the negative edge of CS, whichever 
occurs first. DO remains stable between CLK cycles for 
an unlimited time as long as CS stays HIGH. 

The most significant data bit (D15 or D7) is always out
put first, followed by the lower significant bits (D14 - DO 
or D6- DO). 

NEW INSTRUCTION 
OR STANDBY (CS= 0) 

the device performs an automatic erase cycle on the 
specified address before the data are written. The 
WRITE cycle is completely self timed and commences 
automatically after the rising edge of the CLK signal for 
the last data bit (DO). 

The WRITE cycle takes 1 ms maximum for 8-bit mode 
and 2 ms maximum for 16-bit mode. 

SJ 
I 
I 

f>() CN ~CXJ 
f>i<B -~ x x x 

I 

Tw: 

NEW INSTRUCTION 
OR STANDBY (CS= 0) 
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4.5 ERASE/WRITE Enable/Disable 
(EWEN. EWDS) 

The device is automatically in the ERASE/WRITE Dis
able mode (EWDS) after power-up. Therefore, EWEN 
instruction has to be performed before any WRITE, 
ERAL, or WRAL instruction is executed by the device. 
For added data protection, the device should be put in 
the ERASE/WRITE Disable mode (EWDS) after pro
gramming operations are completed. 

FIGURE 4-3: ERASE/WRITE ENABLE AND DISABLE 

---1 i....... TCSL 

--~-.---------------~~---~~I 1~-~~~ 

~ =m cs 

S8 OPCODE 

DI 

0 0 0 0 
1 1 

""' /l{) S8 

x 
,......~~~~~-~ 

x EWDS 
EWEN 

00 HIGH-Z ----..,-----------.---

NOTE: ORGANIZATION AN 

128x8 Af3 
64x16 /l5 

4.6 ERASE All (ERAL) 

The entire chip will be erased to logical "1s" if this 
instruction is received by the device and it is in the 
EWEN mode. The ERAL cycle is completely self-timed 
and commences after the rising edge of the CLK signal 
for the last dummy address bit. ERAL takes 15 ms 
maximum. 

FIGURE 4-4: ERASE ALL (ERAL) 

NEW INSTRUCTION 
OR STANDBY (CS = 0) 

14- TRBD I 

----------------.,_~I-~', ~ 

I... ...I NOTE: ORGANIZATION AN 
TVIC 

128x8 Af3 
NEW INSTRUCTION 

64x 16 /l5 OR STANDBY (CS= 0) 
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4.7 WRITE All (WRAL) 

The entire chip will be written with the data speeified in 
that command. The WRAL cycle is completely self
timed and commences alter the last data bit (DO) has 
been clocked in. WRAL takes 15 ms maximum. 

FIGURE 4-5: WRITE ALL 

CLK !~~lJ 

cs =m 
SB OPCODE 

a~ /\ 
0 0 0 

00 HIGH-Z 

RDY/BSY 

NOTE: ORGANIZATION AN DN 

12Bx8 />6 D7 
64X16 AS D15 

© 1995 Microchip Technology Inc. 

59C11 

• OR STANDBY (CS= 0) 
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59C11 Product Identification System 
To order or to obtain· information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

59C11 - I -- ., 

J Temperature ,__ ______ --ii Range: 

....._ _______ ..... ~Device: 

Sales and Suoport 

J 
p 

SN 
SM 

Blank 
I 
E 

59C11 
59C11T 

CERDIP (300 mil Body) 
Plastic DIP (300 mil Body) 
Plastic SOIC (150 mil Body) 
Plastic SOIC (207 mil Body) 

0°Cto+70°C 
-40°C to +B5°C 
-40°C to +125°C 

1 K CMOS Serial EEPROM 
1 K CMOS Serial EEPROM (Tape and Reel) 

.. 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended worl<arounds. To determine if an errata sheet exists for a particular device, please contact one of the followirig: 
1. Your local Microchip sales office 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #)you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 

DS20040H-page 5-76 © 1995 Microchip Technology Inc. 



MICROCHIP 93LCS56/66 
2.K/4K 2.SV CMOS Serial EEPROM with Software Write Protect 

FEATURES 

• Single supply with programming operation down 
to2.5V 

• Low power CMOS technology 

- 1 mA active current typical 

- 5 µA standby current (typical) at 3.0V 

• x16 memory organization 

- 128x16 (93LCS56) 

- 256x16 (93LCS66) 

• Software write protection of user defined memory 
space 

• Self timed erase and write cycles 

• Automatic ERAL before WRAL 

• Power on/off data protection 

• Industry standard 3-wire serial 1/0 

• Device status signal during E/W 

• Sequential READ function 

• 1,000,000 E1W cycles guaranteed 

• Data" retention > 40 years 

• 8-pin PDIP/SOIC and 14-pin SOIC packages 

• Commercial: o·c to +70°C 

• Industrial: -40°C to +as·c 

PACKAGE TYPE 

DIP Package 

cs Vee cs 

CLK PRE CLK 

DI 6 PE DI 

DO Vss DO 

93LCS56 93LCS56 
93LCS66 93LCS66 

© 1995 Microchip Technology Inc. 

Voo 

PRE 

PE 

Vss 

PRE 

Vee 

cs 

CLK 

DESCRIPTION 

The Microchip Technology Inc. 93LCS56/66 are low volt
age Serial Electrically Erasable PROMs with memory 
capacities of 2K bits/4K bits respectively. A write protect 
register is included in order to provide a user defined 
region of write protected memory. All memory locations 
greater than or equal to the address placed in the write 
protect register will be protected from any attempted write 
or erase operation. It is also possible to protect the 
address in the write protect register permanently by using 
a one time only instruction (PROS). Any attempt to alter 
data in a register whose address is equal to or greater 
than the address stored in the protect register will be 
aborted. Advanced CMOS technology makes this device 
ideal for low power non-volatile memory applications. 

BLOCK DIAGRAM 

a 

CLK 

Vee Vss 

MEMORY 
ARRAY 

MODE 
DECODE 

LOGIC 

CLOCK 
GENERATOR 

SOIC Packages 

93LCS56X 
93LCS66X 

PE 

Vss 

DO 

DI 

NC 

cs 

CLK 

NC 

DI 

DO 

NC 

OUTPUT 
BUFFER 

11 

93LCS56 
93LCS66 

DO 

NC 

Vee 

PRE 

NC 

PE 

Vss 

NC 
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93LCS56/66 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maxjmum Ratings* 

Vcc ........................................................................ 7.0V 

All inputs and outputs w,r.t. Vss .... -0.6V to Vee + 1.0V 

Storage temperature .......................... -65'C to + 150'C 

Ambient temp. with power applied ..... -65'C to+ 125'C 

Soldering temperature of leads (1 O seconds) .. +300'C 

ESD protection on all pins ..................................... 4 kV 
*Notice: Stresses above those listed under 'Maximum ratings• 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specHicatlon is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

cs 

CLK 

DI 

DO 

Vss 

PE 

PRE 

Vee 

PIN FUNCTION TABLE 

Function 

Chip Select 

Serial Data Clock 

Serial Data Input 

Serial Data Output 

Ground 

Program Enable 

Protect Register Enable 

Power Supply 

TABLE 1·2: DC AND AC ELECTRICAL CHARACTERISTICS 
Vee= +2.5V to +6.0V 
Commercial(C): Tamb = o·c to +1o·c 
Industrial (I): Tamb = -40'C to +85'C 

Parameter Symbol Min Max Units Conditions 

High level input voltage VIH1 2.0 Vcc+1 v Vcc2:2.5V 

VIH2 0.7Vcc Vcc+1 v Vee <2.5V 

Low level input voltage VIL1 -0.3 0.8 v Vcc2:2.5V 

VIL -0.3 0.2Vcc v VCC<2.5V 

Low level output voltage VOL1 - 0.4 v IOL = 2.1 mA; Vee = 4.5V 

VoL2 - 0.2 v IOL = 100 µA; Vee = 2.5V 

High level output voltage VoH1 2.4 - v IOH = -400µA; Vee = 4.5V 

VOH2 Vcc-0.2 - v IOH = -100µA; Vee,; 2.5V 

Input leakage current ILi -10 10 µA VIN= 0.1V to Vee 

Output leakage current ILO -10 10 µA VOUT= 0.1Vto Vee 
Internal capacitance CINT - 7 pF VINIVOUT = ov (Note 1 & 3) 

(all inputs/outputs) Tamb = +25'C; FcLK = 1 MHz 

Operating current Ice Write - 3 mA FCLK = 2 MHz; Vee = 3.0V (Note 3) 

Ice Read - 1 mA FCLK = 2 MHz; Vee = 6.0V 
500 µA FCLK = 1 MHz; Vee = 3.0V 

Standby current Ices - 100 µA CLK = cs= OV; Vee= 6.0V 
30 µA CLK = cs = OV; Vee = 3.0V 

Clock frequency FCLK - 2 MHz Vcc2:4.5V 
1 MHz VCC<4.5V 

Clock high time TCKH 250 - ns 

Clock low time TCKL 250 - ns 

Chip select setup time Tess 50 - ns Relative to CLK 

Chip select hold time TCSH 0 - ns Relative to CLK 

Chip select low time TCSL 250 - ns 

PRE setup time TPRES 100 - ns Relative to CLK 

PE setup time TPES 100 - ns Relative to CLK 

PRE hold time TPREH 0 - ns Relative to CLK 

PE hold time TPEH 500 - ns Relative to CLK 

Data input setup time TDIS 100 - ns Relative to CLK 

Data input hold time TDIH 100 - ns Relative to CLK 

Data output delay time TPD - 400 ns CL=100 pF 
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93LCS56/66 

Vee= +2.5V to +6.0V 
Commercial(C): 
Industrial (I): 

Parameter Symbol Min Max 

Data output disable time Tez - 100 

Status valid time Tsv 500 

Program cycle time Twe 10 

TEe 15 

TWL 30 

Note 1: This parameter is tested at Tamb = 25°C and FeLK = 1 MHz. 
Note 2: Typical program cycle time is 4 ms per word. 

Units 

ns 

ns 

ms 

ms 

ms 

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

TABLE 1-3: INSTRUCTION SET FOR 93LCS56*/66 

93LCS56/66 (x 16 organization) 

Instruction SB Opcode Address Data In Data Out PRE PE 

READ 1 10 A7-AO* - D15-DO 0 x 

EWEN 1 00 11XXXXXX - High-Z 0 1 

ERASE 1 11 A7-AO* - (ADY/ 1 
BSY) 

ERAL 1 00 10XXXXXX - (ADY/ 0 1 
BSY) 

WRITE 1 01 A7-AO* D15 - DO (ADY/ 0 1 
BSY) 

WRAL 1 00 01XXXXXX D15 - DO (ADY/ 0 1 
BSY) 

EWDS 1 00 ooxxxxxx - High-Z 0 x 

PR READ 1 10 xxxxxxxx - A7-AO 1 x 

PREN 1 00 11XXXXXX - High-Z 1 1 

PRC LEAR 1 11 11111111 - (ADY/ 1 1 
BSY) 

PRWRITE 1 01 A7-AO* - (ADY/ 1 1 
BSY) 

PADS 1 00 00000000 - (ADY/ 1 1 
BSY) 

*Address A7 bit is a "don't card" on 93LCS56. 

© 1995 Microchip Technology Inc. 

Tamb = o·c to +1o·c 
Tamb = -40°C to +B5°C 

Conditions 

CL=100 pF (Note 3) 

CL=100 pF 

ERASE/WRITE mode (Note 2) 

ERALmode 

WRALmode 

Comments 

Reads data stored in memory, start-
ing at specified address. 

Erase/Write Enable must precede all 
programming modes. 

Erase data at specified address 
location if address is unprotected. 

Erase all registers to "FF". Valid only 
when Protect Register is cleared. 

Writes register if address is unpro-
tected. 

Writes all registers. Valid only when 
Protect Register is cleared. 

Erase/Write Disable deactivates all 
programming instructions. 

Reads address stored in Protect 
Register. 

Must immediately precede 
PRCLEAR, PRWRITE and PADS 
instructions. 

Clears the Protect Register such that 
all data are NOT write-protected. 

Programs address into Protect Reg-
ister. Thereafter, memory addresses 
greater than or equal to the address 
in Protect Register are write-pro-
tected. 

ONE TIME ONLY instruction after 
which the address in the Protect 
Register cannot be altered. 
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93LCS56/66 

2.0 FUNCTIONAL DESCRIPTION 
The 93LCS56/66 is organized as 128/256 registers by 
16 bits. Instructions, addresses and write data are 
clocked into the DI pin on the rising edge of the clock 
(CLK). The DO pin is normally held in a high-Z state 
except when reading data from the device, or when 
checking the ready/busy status during a programming 
operation. The ready/busy status can be verified dur
ing an Erase/Write operation by polling the DO pin; DO 
low indicates that programming is still in progress, 
while DO high indicates the device is ready. The DO 
will enter the high-Z state on the falling edge of the CS. 

2.1 START Condition 

The START bit is detected by the device if CS and DI 
are both HIGH with respect to the positive edge of CLK 
for the first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device oper
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
WRAL, PRREAD, PREN, PRCLEAR, PRWRITE, and 
PADS). As soon as CS is HIGH, the device is no 
longer in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 

2.2 DI/DO 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the "dummy zero" 
that precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, 
the higher the voltage at the Data Out pin. 

2.3 Data Protection 

During power-up, all programming modes of operation 
are inhibited until Vee has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vee has fallen below 1.4V. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during nor
mal operation. 

After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 
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3.0 READ 
The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit output string. The output 
data bits will toggle on the rising edge of the CLK and 
are stable after the specified time delay (TPD). 
Sequential read is possible when CS is held high. The 
memory data will automatically cycle to the next regis
ter and output sequentially. 

4.0 ERASE/WRITE ENABLE AND 
DISABLE 

The 93LCS56/66 powers up in the Erase/Write Disable 
(EWDS) state. All programming modes must be pre
ceded by an Erase/Write Enable (EWEN) instruction. 
The PE pin MUST be held "high" while loading the 
EWEN instruction. Once the EWEN instruction is exe
cuted, programming remains enabled until an EWDS 
instruction is executed or Vee is removed from the 
device. To protect against accidental data disturb, the 
EWDS instruction can be used to disable all Erase/ 
Write functions and should follow all programming 
operations. Execution of a READ instruction is inde
pendent of both the EWEN and EWDS instructions. 

5.0 ERASE 
The ERASE instruction forces all data bits of the spec
ified address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. The PE pin MUST be latched "high" during load
ing the ERASE instruction but becomes a "don't care" 
after loading the instruction. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TesL). DO at logical "O" indicates that program
ming is still in progress. DO at logical "1' indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. ERASE 
instruction is valid if specified address is unprotected. 

The ERASE cycle takes 4 ms per word typical. 
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6.0 WRITE 
The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. After the 
last data bit is put on the DI pin, CS must be brought 
low before the next rising edge of the CLK clock. This 
falling edge of CS initiates the self-timed auto-erase 
and programming cycle. The PE pin MUST be latched 
"high" while loading the WRITE instruction but 
becomes a "don't care" thereafter. 

The DO pin indicates the READY/BUSY status of the 
device if GS is brought high after a rninimtim of 250 ns 
(TesL) and before the entire write cycle is complete. 
DO at logical 'O" indicates that programming is still in 
progress. DO at logical '1" indicates that the register at 
the specified address has been written with the data 
specified and the device is ready for another instruc
tion. WRITE instruction is valid only if specified 
address is unprotected. 

The WRITE cycle takes 4 ms per word typical. 

7.0 ERASE ALL 
The ERAL instruction will erase the entire memory 
array to the logical "1 ". The ERAL cycle is identical to 
the ERASE cycle except for the different opcode. The 
ERAL cycle is completely self-timed and commences 
at the falling edge of the CS. PE pin MUST be held 
"high" while loading the instruction but becomes "don't 
care" thereafter. Clocking of the CLK pin is not neces
sary after the device has entered the self clocking 
mode. The ERAL instruction is guaranteed at Vee = 
4.5 to 6V and valid only when Protect Register is 
cleared. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TcsL) and before the entire write cycle is com
plete. 

The ERAL cycle takes 15 ms maximum (8 ms typical). 

8.0 WRITE ALL 
The WRAL instruction will write the entire memory 
array with the data specified in the command. The 
WRAL cycle is completely self-timed and commences 
at the falling edge of the CS. PE pin MUST be held 
"high" while loading the instruction but becomes "don't 
care" thereafter. Clocking of the CLK pin is not neces
sary after the device has entered the self clocking 
mode. The WRAL command does include an auto
matic ERAL cycle for the device. Therefore, the WRAL 
instruction does not require an ERAL instruction but the 
chip must be in the EWEN status. The WRAL instruc
tion is guaranteed at Vee = 4.5 to 6V and valid only 
when Protect Register is cleared. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TesL). 

The WRAL cycle takes 30 ms maximum (16 ms typi
cal). 
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9.0 PROTECT REGISTER READ 
The Protect Register Read (PRREAD) instruction out
puts the address stored in the Protect Register on the 
DO pin. The PRE pin MUST be held HIGH when load
ing the instruction and remains HIGH until CS goes 
LOW. A dummy zero bit precedes the 8-bit output 
:;tr!ng. The output data bits !n the memory Protect Reg
ister will toggle on the rising edge of the CLK as in the 
READ mode. 

10.0 PROTECT REGISTER ENABLE 
The Protect Register Enable (PREN) instruction is 
used to enable the PRCLEAR, PRWRITE, and PADS 
modes. Before the PREN mode can be entered, the 
device must be in the EWEN mode. Both PRE and PE 
pins MUST be held "high" while loading the instruction. 
The PREN instruction MUST immediately precede a 
PRCLEAR, PRWRITE, or PADS instruction. 

11.0 PROTECT REGISTER CLEAR 
The Protect Register Clear (PRCLEAR) instruction 
clears the address stored in the Protect Register and, 
therefore, enables all registers for programming 
instructions such as ERASE, ERAL, WRITE, and 
WRAL. The PRE and PE pin MUST be held HIGH 
when loading the instruction. Thereafter, PRE and PE 
pins become "don't care". A PREN instruction must 
immediately precede a PRCLEAR instruction. 

12.0 PROTECT REGISTER WRITE 
The Protect Register Write (PRWRITE) instruction 
writes into the Protect Register the address of the first 
register to be protected. After this instruction is exe
cuted, all registers whose memory addresses are 
greater than or equal to the address pointer specified in 
the Protect register are protected from any program
ming instructions. Note that a PREN instruction must 
be executed before a PRWRITE instruction and, the 
Protect Register must be cleared (by a PRCLEAR 
instruction) before executing the PRWRITE instruction. 
The PRE and PE pins MUST be held HIGH while load
ing PRWRITE instruction. After the instruction is 
loaded, they become "don't care". 

13.0 PROTECT REGISTER DISABLE 
The Protect Register Disable (PROS) instruction is a 
ONE TIME ONLY instruction to permanently set the 
address specified in the Protect Register. Any attempts 
to change the address pointer will be aborted. The 
PRE and PE pins MUST be held HIGH while loading 
PADS instruction. After the instruction is loaded, they 
become "don't care". Note that a PREN instruction 
must be executed before a PADS instruction. 
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14.0 PIN DESCRIPTION 

14.1 Chip Select (CS) 

A HIGH level selects the device. A LOW level dese
lects the device and forces it into standby mode. How
ever, a programming cycle which is already initiated 
and/or in progress will be completed, regardless of the 
CS input signal. If CS is brought LOW during a pro
gram cycle, the device will go into standby mode as 
soon as the programming cycle is completed. 

CS must be LOW for 250 ns minimum (TCSL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

14.2 Serial Clock (CLK) 

The Serial Clock is used to synchronize the communi
cation between a master device and the 93LCS56/66. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 

CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin
ued anytime with respect to clock HIGH time (TCKH) 
and clock LOW time (TCKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 

CLK is a "Don't Care" if CS is LOW (device deselected). 
If cs is HIGH, but START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for START condition). 

CLK cycles are not required during the self-timed 
WRITE(i.e., auto ERASE/WRITE) cycle. 

After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (see instruc-
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tion set truth table). CLK and DI then become don't 
care inputs waiting for a new start condition to be 
detected. 

14.3 Data In {DI) 

Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 

14.4 Data Out (DO) 

Data Out is used in the READ and PRREAD mode to 
output data synchronously with the CLK input (TPD 
after the positive edge of CLK). 

This pin also provides READY/BUSY status informa
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought HIGH after held LOW for minimum chip select 
low time (TcsL) and an ERASE or WRITE operation 
has been initiated. 

The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE 
cycle. In all other cases DO is in the HIGH-Z mode. If 
status is checked after the WRITE/ERASE cycle, a 
pull-up resistor on DO is required to read the READY 
signal. 

14.5 Program Enable (PE) 

This pin should be held HIGH in the programming 
mode or when executing the Protect Register program
ming instructions. 

14.6 Protect Register Enable (PRE> 

This pin should be held HIGH when executing all Pro
tect Register instructions. Otherwise, it must be held 
LOW for normal operations. 

© 1995 Micrcchip Technology Inc. 



FIGURE 14-1: SYNCHRONOUS DATA TIMING 
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VIL .. 
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(READ) 
VOL 

Va-t 
Ts 

00 
(PROGRAM) 

VOL 

FIGURE 14-2: READ TIMING 

55 
cs I 
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00 TRI-STATE™ 

• The memory automatically cycles to the next register. 
Tri-State is a trademark of National Semiconductor. 

© 1995 Microchip Technology Inc. 

T:Y..t. 

STATUS VALID 

PRE=O 
PE=X 

~ f7 

93LCS56/66 

Tcz 

I 
~v 

DS11181B-page 5-83 



93LCS56/66 

FIGURE 14-3: EWEN TIMING 
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FIGURE 14-4: EWDSTIMING 
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FIGURE 14-5: WRITE TIMING 
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DO= TRI-STATE 

PRE=O 
PE=X 
DO= TRI-STATE 
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•Address bit A7 becomes a "don't care" for 93LCS56. PRE= 0 Tl/.C 

READY \_ 
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FIGURE 14-6: WRAL TIMING 

PE I 
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6 DON'T CARE BITS 

Guarantee at VCG = 4.5V to 6.0V 
Protect Register must be cleared PRE = O 

FIGURE 14-7: ERASE TIMING 

•Address bit A7 is a 'don't care' for 93LCS56. PRE= O 
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93LCS56/66 

FIGURE 14-8: ERAL TIMING 

PE 

cs 
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PRE=O 

FIGURE 14-9: PRREADTIMING 
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•Address bit A7 is a "don1 care" for 93LCS56. PE = X 

FIGURE 14-10: PRENT1fv11NG 
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PE 

cs 

CU< 

0 0 

DO= TRI-STATE 
A EWEN cycle must precede a PREN cycle. 6 DON'T CARE BITS 
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TEC 

Guarantee at Vee= 4.SV to 6.0V 
Protect Register must be cleared 
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93LCS56/66 

FIGURE 14-11: PRCLEARTIMING 

" PRE 

PE ~~"'~~"' 
\_ 

8BITSOF'1' 

TRI-STATE _ ~ 
ro-------~--~-------+-~'BUSY 
A PREN cycle must immediately precede a PRCLEAR cycle. ~ 

READY\._ 

FIGURE 14-12: PRWRITETIMING 
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PE 
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DO 
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~ 
I 
I 
I 

Protect Register MUST be cleared before a PRWRITE cycle. 
A PREN cycle must immediately precede a PRWRITE cycle. 
Address bit A7 is a 'don't care" for 93LCS56. 
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93LCS56/66 

FIGURE 14-13: PROS TIMING 
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READY\_ 

ONE TIME ONLY instruction. A PREN cycle must immediately precede a PROS cycle. 
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NOTES 
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93LCS56/66 

93LCS56/66 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

93LCS56/66 • IP 

q Package: P = Plastic DIP (300 mil Body), 8-lead 
SN= Plastic SOIC (150 mil Body), 8-lead 
SM = Plastic SOIC (207 mil Body), 8-lead 
SL= Plastic SOIC (150 mil Body), 14-lead 

Temperature Blank= 0°c to +70°C 
Range: I = -40°C to +85°C 

Device: Configuration 
93LCS56/66 CMOS Serial EEPROM 
93LCS56X/66X CMOS Serial EEPROM in alternate 

pinouts (SN package only) 
93LCS56T/66T CMOS Serial EEPROM (Tape and Reel) 
93LCS56XT/66XT CMOS Serial EEPROM (Tape and Reel) 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-72n 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345or1-602-786-7302. 
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MICROCHIP 

28C04A 
28C16A 
28C17A 
28C64A 

SECTION6 
PARALLEL EEPROM 

PRODUCT SPECIFICATIONS 

4K (512 x 8) CMOS EEPROM ........................................................................... 6-1 
16K (2K x 8) CMOS EEPROM ........................................................................... 6-9 
16K (2K x 8) CMOS EE PROM ......................................................................... 6-17 
64K (8K x 8) CMOS EEPROM ......................................................................... 6-25 
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MICROCHIP 28C04A 
4K (512 x 8) CMOS EEPROM 

FEATURES 

• Fast Read Access Time--150 ns 

• CMOS Technology for Low Power Dissipation 

- 30 mA Active 

- 100 µA Standby 

• Fast Byte Write Time-200 µs or 1 ms 

• Data Retention > 10 years 

• Endurance - Minimum 104 Erase/Write Cycles 

Automatic Write Operation 

Internal Control Timer 

Auto-Clear Before Write Operation 

- On-Chip Address and Data Latches 

• Data Polling 

• Chip Clear Operation 

• Enhanced Data Protection 

Vee Detector 

- Pulse Filter 

- Write Inhibit 

• 5-Volt-Only Operation 

• Organized 512x8 JEDEC standard pinout 

- 24-pin Dual-In-Line Package 

- 32-pin Chip Carrier (Leadless or Plastic) 

• Available for Extended Temperature Ranges: 

- Commercial: o·c to +70"C 

- Industrial: -40"C to +as·c 

DESCRIPTION 

The Microchip Technology Inc. 28C04A is a CMOS 4K 
non-volatile electrically Erasable and Programmable 
Read Only Memory (EEPROM). The 28C04A 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 inter
nally, freeing the microprocessor address and data bus 
for other operations. Following the initiation of write 
cycle, the device will go to a busy state and automati
cally clear and write the latched data using an internal 
control timer. To determine when a write cycle is com
plete, the 28C04A uses Data polling. Data polling 
allows the user to read the location last written to when 
the write operation is complete. CMOS design and pro
cessing enables this part to be used in systems where 
reduced power consumption and reliability are 
required. A complete family of packages is offered to 
provide the utmost flexibility in applications. 

© 1994 Microchip Technology Inc. 

PACKAGE TYPE 

DIP A7 24 Vee 

23 AB 
22 NC 

A4 21 WE 

A3 < 20 5E ..,. 
NC 

0 
CE A1 0 18 

AO Cl) 1/07 ('I 
1/06 

1/01 10 1/05 

1/04 

Vss 12 1/03 

PLCC 

Ae KJ l~Jl~JeJ1;1t~Jl~Jl~J r~ A8 

AS _6] f~j NC 
M j] fgj NC 
A3 .a~j < f~§ NC 
A2 _9] g fg§ OE 
A1 jpj g f?~ NC 
AO jjj C\I fi~ CE 
NC j_g] fg_? 1/07 

1100 _1jJ f.?I 11os 
f!lf~f~fE]f§lf~f~ 

g~~~~~~ 
•Pin 1 indicator on PLCC on top of package 

BLOCK DIAGRAM 
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I 
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I 
I 
I 
I 
I 
I 

Data Protection 
Circuitry 

Chip Enable/ 
Output Enable 
Control Logic 
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4Kbit 
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28C04A 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 MAXIMUM RATINGS* 

Vee and input voltages w.r.t. Vss ....... ~o,sv to+ 6.25V 

Voltage on OE w.r.t. Vss ........ : ...........• ,-0.SV to +13.5V 

Output Voltage w.r.t. Vss ................. -0.SV to Vee+O.SV 

Storage temperature .......................... -65'Cto +125'C 

Ambient temp. with power applied .... _: ~so·c to +95'C 

*Nodce: Stresses above those listed under ''Maximum Ratings' 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

AO-A8 

CE 

OE 

WE 

VOO-V07 

Vee 

Vss 

NC 

NU 

PIN FUNCTION TABLE 

Function 

Address Inputs 

Chip Enable 

Output Enable 

Write Enable 

Data Inputs/Outputs 

+5V Power Supply 

Ground 

No Connect; No Internal Connection 

Not Used; No External Connection is 
Allowed 

TABLE 1-2: READ/WRITE OPERATION DC CHARACTERISTICS 

Vee= +5V ±10% 
Commercial (C): Tamb = O'Cto +70'C 
Industrial (I): Tamb= -40'C to +85'C 

Parameter Status Symbol Min Max Units Conditions 

Input Voltages Logic '1' VIH 2.0 Vec+1 v 
Logic 'O' VIL -0.1 0.8 v 

Input Leakage ILi -10 10 µA VIN= -0.1V to Vcc+1 

Input Capacitance CIN 10 pF VIN = OV; Tamb = 25'C; 
I= 1 MHz 

Output Voltages Logic '1' VOH 2.4 v IOH = -400 µA 
Logic 'O' VOL 0.45 v IOL= 2.1 mA 

Output Leakage ILO -10 10 µA VOUT = -0.1V TO Vee+ 0.1V 

Output Capacitance COUT 12 pF VIN= OV; TAMB = 25'C; 
f = 1 MHz 

Power Supply Current, ~ctjve TTL input Ice 30 mA I= 5 MHz (Nole 1) 
VCC=5.5V 

Power Supply Current, Standby TTL input lce(S)TTL 2 mA CE= V1H (O'C to +70'C) 
TTL input lcc(s)nL 3 mA CE= V1H (-40'C to +85'C) 

CMOS input lee(S)CMOS 100 µA CE= Vcc-0.3 to Vee+ 1 

Note 1: AC power supply current above 5 MHz; 1 mA/MHz 
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28C04A 

TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V; VIL= 0.45V; VOH = 2.0V; VOL= a.av 
Output Load: 1 TTL Load+ 100 pF 
Input Rise and Fall limes: 20 ns 
Ambient Temperature: Commercial (C): Tamb = 0°Cto+70°C 

Industrial (I): Tamb = -40°C to +85°C 

28C04A-15 28C04A-20 28C04A-25 
Parameter Sym Units 

Min Max Min Max Min Max 

Address to output Delay lACC 150 200 250 ns 

CE to Output Delay ICE 150 200 250 ns 

OE to Output Delay !OE 70 80 100 ns 

CE to OE High Output Float !OFF 0 50 0 55 0 70 ns 

Output Hold from Address, CE !OH 0 0 0 ns 
or OE, whichever occurs first 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
---- lCE(2) --~ 

VIH 
OE 

VIL 
lOE(2) --

VOH 
High Z Data Valid Output 

VOL 

VIH 
----- lACC -----1 

WE 
VIL 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to ICE - !OE after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested 
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OE= CE= VIL 

OE= VIL 

CE:'.= VIL 
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28C04A 

FIGURE 1-2: BYTE WRITE AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V; VIL= 0.45V; VOH = 2.0V; VOL= O.BV 
Output Load: 1 TTL Load + 100 pF 
Input Rise/Fall nmes: 20 nsec 
Ambient Temperature: Commercial (C): Tamb= o·cto1o·c 

Industrial (I): Tamb= .4o·c to a5·c 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time !AS 10 ns 

Address Hold Time IAH 50 ns 

Data Set-Up Time IDS 50 ns 

Data Hold Time IDH 10 ns 

Write Pulse Width IWPL 100 ns Note 1 

Write Pulse High Time IWPH 50 ns 

OEHoldTime IOEH 10 ns 

OE Set-Up Time IOES 10 ns 

Data Valid Time IDV 1000 ns Note2 

Write Cycle Time (28C04A) twc 1 ms 0.5 ms typical 

Write Cycle Time (28C04AF) twc 200 µs 100 µs typical 

Note 1: A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on the pos
itive edge of CE or wt;:, whichever occurs first. 

Note 2: Data must be valid within 1 OOOns max. after a write cycle is initiated and must be stable at least until IDH 
after the positive edge of wt;: or CE, whichever occurs first. 

FIGURE 1-3: PROGRAMMING WAVEFORMS 

Address ~::=t"il: ''" } 
VIL lt1ov-1-=~os-~~0~1 

I . VIH 
Data In 

VIL 

VIH 

VIL---~ 

-tOEH 
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28C04A 

FIGURE 1-4: DATA POLLING WAVEFORMS 

Address ViH :==>( Address Valid X Last Written 
Address Valid VIL ------~ ~----~ ----~ 

--- IACC I.._ 

CE~:~ ~~~--~b~/;~/j~Z~m~~.._~tc_E ----+-------

_ VIH 
WE 

V1L 

V1H 
OE 

VIL 

Data 
VIL 

Data In 
Valid 

IWPH 

FIGURE 1-5: CHIP CLEAR WAVEFORMS 

VIH --------~ 
CE 

VIL 

VH 

OE 
VIH --------~ 

ts -
VIH -----------~1 

WE 
VIL 
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--- !OE ..__ 

l/070ut True Data Out 

twc 

IH 
1----- IW ----<~I 

tw = 10ms 
ts =tH = 1µs 

VH = 12.0V ±0.SV 
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28C04A 

2.0 DEVICE OPERATION 
The Microchip Technology Inc. 28C04A has four basic 
modes of operation-read, standby, write inhibit, and 
byte write-as outlined in the following table. 

Operation 
CE TE WE 1/0 

Mode 

Read L L H Dour 

Standby H x x High Z 

Write Inhibit H x x High Z 

Write Inhibit x L x High Z 

Write Inhibit x x H High Z 

Byte Write L H L DIN 

Byte Clear Automatic Before Each "Write" 

X = Any TTL level. 

2.1 Read Mode 

The 28C04A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to 
the output pins independent of device selection. 
Assuming that addresses are stable, address access 
time (!Ace) is equal to the delay from CE to output (tcE). 
Data is available at the output tOE after the falling edge 
of OE, assuming that CE has been low and addresses 
have been stable for at least tAcc-toE. 

2.2 Standby Mode 

The 28C04A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby 
mode, the outputs are in a high impedance state, inde
pendent of the OE input. 

2.3 Data Protection 

In order to ensure data integrity, especially during criti
cal power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 

First, an internal Vee detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation 
when Vee is less than the Vee detect circuit trip. 

Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 

Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vee). 

DS11126D-page 6·6 

2.4 Write Mode 

The 28C04A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and ini
tiated by a low going pulse on the WE pin. On the fall
ing edge of WE, the address information is latched. On 
rising edge, the data and the control pins (CE and OE) 
are latched. 

2.5 Data Polling 

The 28C04A features Data polling to signal the com
pletion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the 
data complement of 1/07 (1100 to 1/06 are indetermin
able). After completion of the write cycle, true data is 
available. Data polling allows a simple read/compare 
operation to determine the status of the chip eliminat
ing the need for external hardware. 

2.6 Chip Clear 

All data may be cleared to 1's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data. 

© 1994 Microchip Technology Inc. 
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NOTES 

II 
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28C04A 

28C04A Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

28C04A F T - 15 l/P ., - a Package: J = CERDIP 
L = Plastic Leaded Chip Carrier (PLCC) 
p = Plastic DIP 

Temperature Blank = 0°C to +70°C 
Range: I = -40°C to +85°C 

J Access Time: 15 150 ns 

l 20 200 ns 
25 250 ns 

~ Shipping: Blank Tube 
T Tape and Reel "L" only. 

l Option: - = twc = 1ms 
F = tWC=200µs 

-, Device: 2BC04A 512 x 8 CMOS EEPROM 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 28C16A 
16K (2K x 8) CMOS EEPROM 

FEATURES 

• CMOS Technology for Low Power Dissipation 
- 30 mAActive 
- 100 µA Standby 

• Fast Byte Write lime-200 µs or 1 ms 
• Data Retention > 10 years 
• High Endurance - Minimum 104 Erase/Write Cycles 
• Automatic Write Operation 

Internal Control Timer 
- Auto-Clear Before Write Operation 
- On-Chip Address and Data Latches 

• Data polling 
• Chip Clear Operation 
• Enhanced Data Protection 

Vee Detector 
- Pulse Filter 
- Write Inhibit 

• Electronic Signature for Device Identification 
• 5-Volt-Only Operation 
• Organized 2Kx8 JEDEC Standard Pinout 
• 24-pin Dual-In-Line Package 
• 32-pin Chip Carrier (Leadless or Plastic) 
• 28-pin Thin Small Outline Package (TSOP) 

8x20mm 
• 28-pin Very Small Outline Package (VSOP) 

8x13.4mm 
• Available for Extended Temperature Ranges: 

Commercial: o·c to +70"C 
- Industrial: -40"C to +85"C 

DESCRIPTION 

The Microchip Technology Inc. 28C16A is a CMOS 16K 
non-volatile electrically Erasable PROM. The 28C16A 
is accessed like a static RAM for the read or write 
cycles without the need of external components. Dur
ing a "byte write", the address and data are latched 
internally, freeing the microprocessor address and data 
bus for other operations. Following the initiation of 
write cycle, the device will go to a busy state and auto
matically clear and write the latched data using an 
internal control timer. To determine when a write cycle 
is complete, the 28C16A uses Data polling. Data poll
ing allows the user to read the location last written to 
when the write operation is complete. CMOS design 
and processing enables this part to be used in systems 
where reduced power consumption and reliability are 
required. A complete family of packages is offered to 
provide the utmost flexibility in applications. 

© 1994 Microchip Technology Inc. 

PACKAGE TYPE 
~~-1 v 

AB 2 

AS 3 

A4 4 

A3 5 

A1 

AO 8 

1/00 9 

1/01 10 

l/02 11 

Vss 12 

•Pin 1 indicator on PLCC on top of package 

i5E 1 .28 A10 
NC ,' 27 CE 
A9 26 l/07 
AB 25 VOB 
NC : i 

24 1/05 
WE 23 1/04 
Voo 

TSOP 
22 1/03 

NC 8 21 v .. 
NC 9 

----·--

20 1/02 
A7 10 19 1/01 
A6 11 18 voo 
AS 12 17 AO 
A4 13 16 A1 
A3 14' '15 A2. 

6E 22 21 A10 
NC 23 20 ff 
A9 24 

r-=1 
19 1/07 

AS 25 18 1/06 
NC 26 17 1/05 
WE 27 16 1/04 

Vee 28 15 1103 
NC 1 14 v,~ 

NC 2 13 1/02 
A7 3 12 1101 
A6 11 1100 
AS 10 AO 
A4 ',' A1 
A3 7 8 A2 

BLOCK DIAGRAM 
1100 ••••••• 1/07 

Vss-..-
Data Protection Vcc--r-

Circuitry 

ce- Chip Enable/ 

- Output Enable 
OE- Control Logic 
-

Auto Erase/Write !§{ Input/Output WE-
Timing Buffers 

Program Voltage l l Generation 

AO-w 1-
L Dec~der YGating 

1-
1- a 
I - t H ~ 
1- c 

h 1- e x 16Kbit 
I - s Decoder Cell Matrix 
I -I -A10--.... l-".....__j---1 ~ 
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28C16A 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 MAXIMUM RATING$* 

Vee and input voltages w.r.t. Vss ....... -0.6V to + 6.25V 

Voltage on OE w.r.t. Vss ..................... -0.6V to +13.5V 

Voltage on A9 w.r.t. Vss ...................... -0.6V to + 13.5V 

Output Voltage w.r.t. Vss ................ -0.6V to Vee+0.6V 

Storage temperature .......................... -65"C to +125"C 

Ambient temp. with power applied ....... -so·c to +95"C 

*Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

AO-A10 

CE 

OE 

WE 

1/00-1/07 

Vee 

Vss 

NC 

NU 

PIN FUNCTION TABLE 

Function 

Address Inputs 

Chip Enable 

Output Enable 

Write Enable 

Data Inputs/Outputs 

+5V Power Supply 

Ground 

No Connect; No Internal Connection 

Not Used; No External Connection is 
Allowed 

TABLE 1-2: READ/WRITE OPERATION DC CHARACTERISTICS 

Vee= +5V ±10% 
Commercial (C): Tamb = o·c to +70°C 
Industrial (I): Tamb= -40"C to +85"C 

Parameter Status Symbol Min Max Units Conditions 

Input Voltages Logic '1' VIH 2.0 Vee+1 v 
Logic 'O; VIL -0.1 0.8 v 

Input Leakage - Ill -10 10 µA VIN= -0.1V to Vee+ 1 

Input Capacitance - CIN - 10 pF VIN = OV; Tamb = 25"C; 
f= 1 MHz 

Output Voltages Logic '1' VOH 2.4 v IOH = -400µA 
Logic 'O' VOL 0.45 v IOL = 2.1 mA 

Output Leakage - ILO -10 10 µA VOUT = -0.1V to Vee+0.1 v 
Output Capacitance - GOUT - 12 pF VIN = OV; Tamb = 25"C; 

f= 1 MHz 

Power Supply Current, TTL input ICC - 30 mA f = 5 ~v1Hz (Note 1) 
Active Vee=5.5V; 

Power Supply Current, TTL input lee(s)TTL - 2 mA CE= VIH (O"C to +70"C) 
Standby TTL input lee(S)TTL 3 mA CE= VIH (-40"C to +85"C) 

CMOS input lee(s)eMOS 100 µA CE = Vee-0.3 to Vee+ 1 

Note 1: AC power supply current above 5 MHz; 1 mA/MHz 
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28C16A 

TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V; VIL= 0.45V; VOH = 2.0V; Vol= a.av 
Output Load: 1 TIL Load + 100pF 
Input Rise and Fall Times: 20 ns 
Ambient Temperature: Commercial (C): Tamb = 0°C to +70°0°C 

Industrial (I): Tamb = -40°C to +85°C 

28C16A-15 28C16A-20 28C16A-25 
Parameter Sym Units 

Min Max Min Max Min Max 

Addre!3!3 to Ot•lpl't De181f !.A:CC - 150 - T 200 - 250 ns 

CE to Output Delay ICE - 150 - 200 - 250 ns 

OE to Output Delay !OE - 70 - 80 - 100 ns 

CE or OE High to Output Float !OFF 0 50 0 55 0 70 ns 

Output Hold from CE or OE, !OH 0 - 0 - 0 - ns 
whichever occurs first 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
i.--- ICE(2) ----1 

VIH 
OE 

VIL 
IOE(2) --

VoH 
HighZ Data Valid Output 

VOL 

VIH 
14----- IACC -----1 

WE 
VIL 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to ICE - !OE after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested 
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Conditions 

OJ::.,. CE"" VIL 

OE=VIL 

CE= VIL 

HighZ 
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28C16A 

FIGURE 1-2: BYTE WRITE AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V and VIL= 0.45V; VOH = 2.0V; VOL= o.av 
Output Load: 1 TTL Load+ 100 pF 
Input Rise/Fall nmes: 20ns 
Ambient Temperature: Commercial (C): Tamb = O"Cto +70"C 

Industrial {I): Tamb = -40"C to +85"C 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 10 - ns 

Address Hold Time tAH 50 - ns 

Data Set-Up nme tDS 50 - ns 

Data Hold nme tDH 10 - ns 

Write Pulse Width twPL 100 - ns Note 1 

Write Pulse High Time twPH 50 - ns 

OE HoldTime tOEH 10 - ns 

OE Set-Up Time tOES 10 - ns 

Data Valid nme tov - 1000 ns Note2 

Write Cycle Time (28C16A) twc - 1 ms 0.5 ms typical 

Write Cycle nme {28C16AF) twc - 200 µs 100 µs typical 

Note 1: A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on the pos
itive edge of CE or WE, whichever occurs first. 

Note 2: Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until tDH 
after the positive edge of WE or CE, whichever occurs first. 

FIGURE 1-3: PROGRAMMING WAVEFORMS 

-1-tAS 1--tAH_}~-
VIH 

Address 
VIL 

VIH 
CE,WE 

VIL 

VIH 
Data In 

VIL 

tOES 

VIH 
OE 

VIL 
tOEH 
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28C16A 

FIGURE 1-4: DATA POLLING WAVEFORMS 

VIH ----V x f Last Written 
Address ____/'-.., Address Valid ~--~ Address Valid 

V1L -

VIH ~ ICE!AJCC ~ 
CE VIL% /////A ~~--1-1------

!WPH 

WE ~IH ~~IWPL-.u-~~~----+----
VIL I ----

!OE ~ 
VIH 

OE 
VIL 

VIH -----+~ 
Data l/O?Out 

V1L 

1--------- twc 

FIGURE 1-5: CHIP CLEAR WAVEFORMS 

VIH 
CE 

VIL 

VH I 
OE 

VIH 
~ ~ 

- -- tw __ __,~ 

VIH 
WE 

VIL tw = 10ms 
ts =tH = 1µs 

VH = 12.0V ±0.5V 

TABLE 1-4: SUPPLEMENTARY CONTROL 

Mode CE OE WE A9 Vee 1/01 

Chip Clear VIL VH VIL x Vee 

Extra Row Read VIL VIL VIH A9=VH Vee Data Out 

Extra Row Write . VIH . A9 = VH Vee Data In 

Note 1: VH = 12.0V±0.5V • Pulsed per programming waveforms. 
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28C16A 

2.0 DEVICE OPERATION 
The Microchip Technology Inc. 28C16A has four basic 
modes of operation-read, standby, write inhibit, and 
byte write-as outlined in the following table. 

Operation 
CE OE WE 110 

Mode 

Read L L H DOUT 

Standby H x x HighZ 

Write Inhibit H x x HighZ 

Write Inhibit x L x High Z 

Write Inhibit x x H High Z 

Byte Write L H L DIN 

Byte Clear Automatic Before Each "Write" 

X =Any TTL level. 

2.1 Read Mode 

The 28C16A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to 
the output pins independent of device selection. 
Assuming that addresses are stable, address access 
time (tACCl is equal to the delay from CE to output (tcE). 
Data is available at the output toE after the falling edge 
of OE, assuming that CE has been low and addresses 
have been stable for at least tAcc-toE. 

2.2 Standby Mode 

The 28C16A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby 
mode, the outputs are in a high impedance state, inde
pendent of the OE input. 

2.3 Data Protection 

in order to ensure data integrity, especiaiiy during criti
cal power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 

First, an internal Vee detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation 
when Vee is less than the Vee detect circuit trip. 

Second, there is a WE filtering circuit that prevents WE 
pulses of less than 1 o ns duration from initiating a write 
cycle. 

Third, holding WE or 'CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vee). 

DS11125E-page 6-14 

2.4 Write Mode 

The 28C16A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and ini
tiated by a low going pulse on the WE pin. On the fall
ing edge of WE, the address information is latched. On 
rising edge, the data and the control pins (CE and OE) 
are latched. 

2.5 Diii Polling 

The 28C16A features Data polling to signal the com
pletion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the 
data complement of 1/07 (1/00 to 1/06 are indetermin
able). After completion of the write cycle, true data is 
available. Data polling allows a simple read/compare 
operation to determine the status of the chip eliminat
ing the need for external hardware. 

2.6 Electronic Signature for Device 
Identification 

An extra row of 32 bytes of EEPROM memory is avail
able to the user for device identification. By raising A9 
to 12V ±0.SV and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 

2.7 Chio Clear 

All data may be cleared to 1 's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE 
low. This procedure clears all data, except for the extra 
row. 
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NOTES 

I 
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28C16A 

28C16A Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

28C16A F T - 15 I /P 
-, 

~ 
Package: J = CERDIP 

L = Plastic Leaded Chip Carrier (PLCC) 
P = Plastic DIP 

TS = Thin Small Outline Package {TSOP) 8x20mm 
vs = Very Small Outline Package (VSOP) 8x13.4mm 

Temperature Blank = O'C to +70°C 
Range: l = -40°C to +85'C 

Access Time: 15 150 ns 

I 20 200 ns 
25 250 ns 

J Shipping: Blank Tube I T Tape and Reel "L" only. 

Option: - = twc = 1ms 
l F = twc =200 µs 

Device: 28C16A 2K x 8 CMOS EEPROM 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature#) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 28C17A 
16K (2K x 8) CMOS EEPROM 

FEATURES 

• Fast Read Access lime--150 ns 
• CMOS Technology for Low Power Dissipation 

- 30mAActive 
- 100 µA Standby 

• Fast Byte Write lime--200 µs or 1 ms 
• Data Retention >10 years 
• High Endurance - Minimum 104 Erase/Write Cycles 

Automatic Write Operation 
Internal Control Timer 

- Auto-Clear Before Write Operation 
- On-Chip Address and Data Latches 

• Data Polling; Ready/Busy 
Chip Clear Operation 
Enhanced Data Protection 

Vee Detector 
- Pulse Filter 
- Write Inhibit 

• Electronic Signature for Device Identification 
5-Volt-Only Operation 

• Organized 2Kx8 JEDEC Standard Pinout 
28 Pin Dual-In-Line Package 
32-Pin Chip Carrier (Leadless or Plastic) 
28-Pin Thin Small Outline Package (TSOP) 
8x20mm 

- 28-Pin Very Small Outline Package (VSOP) 
Bx13.4mm 

• Available for Extended Temperature Ranges: 
Commercial: o·c to +70°C 

- Industrial: -40°C to +85°C 

DESCRIPTION 

The Microchip Technology Inc. 28C17A is a CMOS 16K non
volatile electrically Erasable PROM. The 28C17A is 
accessed like a static RAM for the read or write cycles without 
the need of external components. During a ''byte wrtte", the 
address and data are latched internally, freeing the micropro
cessor address and data bus for other operations. Following 
the initiation of write cycle, the device will go to a busy state 
and automatically clear and write the latched data using an 
internal control timer. To determine when the write cycle is 
complete, the user has a choice of monitoring the Ready/ 
Busy output or using Data polling. The Ready/BUSy pin is an 
open drain output, which allows easy configuration in wired
or systems. Alternatively, Data polling allows the user to read 
the location last written to when the write operation is com
plete. CMOS design and processing enables this part to be 
used in systems where reduced power consumption and reli
ability are required. A complete family of packages is offered 
to provide the utmost flexibility in applications. 

© 1994 Microchip Technology Inc. 

PACKAGE TYPE 

RDY/BSY rle1 
v 

NC 

A7 

AB 

AS 

A4 B 

A3 7 DIP/ 
A2 ' SOIC 
A1 [_ 9 

AO[ 1C 

1/00 11 
1/01 12 

1/02 13 

v,, 14 

•Pin 1 indicator on PLCC on top of package 

6E 1. '28 A10 
NC 2 \ ,' 27 6E 
Afj 3 .. " 26 V07 
AB .. 25 VOB 
NC 

m'i [-
24 V05 

iNE 23 V04 
Voo 

TSOP 
22 V03 

RDY/BSY B 21 Vss 
NC 9 

------
20 V02 

A7 10 19 V01 
A6 11 " 18 voo 
AS 12 

" 
,' 17 AO 

A4 13 16 A1 
A3 14 ' '15 A2 

0E 22 • 21 A10 
NC 23 \ 20 CE 
A9 24 

L:J 
19 1/07 

AB 25 18 1/06 
NC 2B 17 1/05 
iiiE 27 1B 1/04 
Vee 28 15 1/03 

RDY/BSY 1 14 v .. 
NC 13 1/02 
A7 12 1/01 
AB 4 11 l/00 
AS 5 10 AO 
A4 . ,' 'g A1 
A3 7 '' A2 

BLOCK DIAGRAM 
1/00 ••••••• l/07 

Vss--..r.======:----t"H-H-l'tit"-1 
Vee Data Protection 

£1~ 
BUsY 

Circuitry 
Chip Enable/ 

Output Enable 
Control Logic 

Input/Output 
Buffers 

Y Gating 

16K bit 
Cell Matrix 
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28C17A 

1.0 ELEClRICAL CHARACTERISTICS 

1.1 MAXIMUM RATINGS* 

Vee and input voltages w.r.t. Vss ....... -0.6V to+ 6.25V 

Voltage on OE w.r.t. Vss ................ , .... -0.6Vto +13.SV 

VoltageonA9 w.r.t. Vss ...................... -0.6Vto +13.SV 

Output Voltage w.r.t. Vss ................ -0.6V to Vcc+0.6V 

Storage temperature .......................... -65'C to +125'C 

Ambient temp. with power applied ....... "so·c to +95'C 

*Notice: Stresses above those listed under "Maximum Ratings' 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of 'the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

AO -A10 

CE:'. 

OE 

WE" 

1/00-1/07 

ROY/Busy 

Vee 

Vss 

NC 

NU 

PIN FUNCTION TABLE 

Function 

Address Inputs 

Chip Enable 

Output Enable 

Write Enable 

Data Inputs/Outputs 

Ready/Busy 

+SV Power Supply 

Ground 

No Connect; No Internal Connec-
lion 

Not Used; No External Connection 
is Allowed 

TABLE 1-2: READ/WRITE OPERATION DC CHARACTERISTICS 

Vee= +SV ±10% 
Commercial (C): Tamb = O'C to +70'C 
Industrial (I): Tamb = -40'C to +85'C 

Parameter Status Symbol Min Max Units Conditions 

Input Voltages Logic '1' VIH 2.0 Vcc+1 v 
Logic 'O' VIL -0.1 0.8 v 

Input Leakage - ILi -10 10 µA VIN= -0.1Vto Vee +1 

Input Capacitance - CIN - 10 pF VIN = OV; Tamb = 25'C; 
f = 1 MHz 

Output Voltages Logic '1' VOH 2.4 v IOH =-400µA 
Logic 'O' VOL 0.45 v IOL=2.1 mA 

Output Leakage - ILO -10 10 µA VOUT= -0.1V to Vee 
+0.1V 

Output Capacitance - CoUT - 12 pF VIN= OV; Tamb = 25'C; 
f = 1 MHz 

Power Supply Current, Active TTL input Ice - 30 mA f = 5 MHz (Note 1) 
VCC=5.5V; 

Power Supply Current, Standby TTL input lcc(s)TTL - 2 mA CE= VIH (O'C to +70'C) 
TTL input lcc(s)TTL 3 mA CE= VIH (-40'C to +85'C) 

CMOS input lcc(s)CMOS 100 µA CE= Vcc-0.3 to Vee+ 1 

Note 1: AC power supply current above SMHz: 1mA/MHz 
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28C17A 

TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V; VIL= 0.45V; VOH = 2.0V; VOL= 0.8V 
Output Load: 1 TTL Load+ 100 pF 
Input Rise and Fall Times: 20 ns 
Ambient Temperature: Commercial (C): Tamb = 0°Cto+70°C 

Industrial (I): Tamb = -40°C to +85°C 

28C17A-15 28C17A-20 28C17A-25 
Parameter Symbol Units Conditions 

Min Max Min Max Min Max 

Address to Output Delay IACC - 150 - 200 - 250 ns 

CE to Output Delay ICE - 150 - 200 - 250 ns 

OE to Output Delay !OE - 70 - 80 - 100 ns 

CE or OE High to Output !OFF 0 50 0 55 0 70 ns 
Float 

Output Hold from Address, !OH 0 - 0 - 0 - ns 
CE or OE, whichever occurs 
first. 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
,__ __ ICE(2) __ __, 

VIH 
OE 

VIL 
IOE(2) --

VoH 
High Z Data Valid Output 

VOL 

VIH 
WE 

VOL 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to ICE - !OE after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested 

© 1994 Microchip Technology Inc. 

OE= CE= VIL 

OE=VIL 

CT= VIL 

HighZ 
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28C17A 

TABLE 1-4: BYTE WRITE AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V; VIL= 0.45V; VOH = 2.0V; VOL= 0.8V 
Output Load: 1 TTL Load+ 100 pF 
Input Rise/Fall Times: 20 ns 
Ambient Temperature: Commercial (C): Tamb = O'Cto +70'C 

Industrial (I): Tamb = -40'C to +85'C 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 10 - ns 

Address Hold Time tAH 50 - ns 

Data Set-Up Time tos 50 - ns 

Data Hold Time !DH 10 - ns 

Write Pulse Width tWPL 100 - ns Note 1 

Write Pulse High Time twPH 50 - ns 

OE Hold Time tOEH 10 - ns 

OE Set-Up Time tOES 10 - ns 

Data Valid Time tov - 1000 ns Note 2 

Time to Device Busy IDB 2 50 ns 

Write Cycle Time (28C17A) twc - 1 ms 0.5 ms typical 

Write Cycle Time {28C17AF) twc - 200 µs 100 µs typical 

Note 1: A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on the pos
itive edge of CE or WE, whichever occurs first 

Note 2: Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until tDH 
after the positive edge of WE or CE, whichever occurs first. 

FIGURE 1-2: PROGRAMMING WAVEFORMS 

v'"~ } Address 

VILtAs-
1AH 

VIH 
CE, WE !WPL 

VIL 
--tov 

VIH 
Data In 

VIL 

..... !OES 

VIH 
OE 

VIL - tOEH 

VOH 
RdyfBusy 

VOL 
!WC 
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FIGURE 1-3: DATA POLLING WAVEFORMS 

V1H :=>< 
Address 

VIL 
Address Valid X 

~------' 

tWPH 

WE ~IH ~--tWPL--µ-~~ 

28C17A 

Last Written 
Address Valid 

V<L ------- l ----- -
-- toE --

V1H 
OE 

VIL 

VIH ----+-~ 
Data 

VIL 

Data In 
Valid 

, __________ twc 

FIGURE 1-4: CHIP CLEAR WAVEFORMS 

VIH --------~ 
CE 

VIL 

VH 

OE 
VIH --------~ 

ts - I----- IW -----t~I 

VIH ------------,1 

WE 

VIL 

TABLE 1-5: SUPPLEMENTARY CONTROL 

Mode CE OE 

Chip Clear VIL VH 

Extra Row Read VIL VIL 

Extra Row Write . VIH 

WE A9 

VIL x 
VIH A9=VH . A9= VH 

Note 1: VH = 12.0V ±0.SV * Pulsed per programming waveforms. 
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l/070ut True Data Out 

IH 

tw = 10ms 
ts =tH = 1µs 

VH = 12.0V ±0.SV 

Vee 1/01 

Vee 

Vee Data Out 

Vee Data In 
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28C17A 

2.0 DEVICE OPERATION 
The Microchip Technology Inc. 28C17A has four basic 
modes of operation-read, standby, write inhibit, and 
byte write-as outlined in the following table. 

Operation 
CE OE WE 1/0 

Rdy/Busy 
Mode (1) 

Read L L H Dour H 

Standby H x x HighZ H 

Write Inhibit H x x HighZ H 

Write Inhibit x L x HighZ H 

Write Inhibit x x H HighZ H 

Byte Write L H L DIN L 

Byte Clear Automatic Before Each "Write" 

Note 1 : Open drain output. 
Note 2: X =Any TTL level. 

2.1 Read Mode 

The 28C17A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
("Cit:) is the output control and is used to gate data to 
the output pins independent of device selection. 
Assuming that addresses are stable, address access 
time (tAee) equal to the delay from CE to output (teE). 
Data is available at the output toE after the falling edge 
of OE, assuming that CE has been low and addresses 
have been stable for at least tAee-toE. 

2.2 Standby Mode 

The 28C17A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby 
mode, the outputs are in a high impedance state, inde
pendent of the OE input. 

2.3 Data Protection 

In order to ensure data integrity, especially during criti
cal power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 

First, an internal Vee detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation 
when Vee is less than the Vee detect circuit trip. 

Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 

Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vee). 
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2.4 Write Mode 

The 28C17A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and ini
tiated by a low going pulse on the WE pin. On the fall
ing edge of WE, the address information is latched. On 
rising edge, the data and the control pins (CE and OE) 
are latched. The Ready/Busy pin goes to a logic low 
level indicating that the 28C17A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C17A has completed writing and is ready 
to accept another cycle. 

2.5 Data Polling 

The 28C17A features Data polling to signal the comple
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the 
data complement of 1/07 (1/00 to 1/06 are indetermin
able). After completion of the write cycle, true data is 
available. Data polling allows a simple read/compare 
operation to determine the status of the chip eliminat
ing the need for external hardware. 

2.6 Electronic Signature for Device 
Identification 

An extra row of 32 bytes of EEPROM memory is avail
able to the user for device identification. By raising A9 
to 12V ±0.SV and using address locations 7EO to ?FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 

2.7 Chip Clear 

All data may be cleared to 1 's in a chip clear cycle by 
raising "Cit: to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 
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NOTES 

I 
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28C17A 

28C17A Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

28C17A F T - 15 I /P ., 

D 
Package: J = CERDIP 

L = Plastic Leaded Chip Carrier (PLCC) 
p = Plastic DIP 

TS = Thin Small Outline Package (TSOP) 8x20mm 
vs = Very Small Outline Package·(VSOP) 8x13.4mm 

Temperature Blank = 0°c to +70°C 
Range: I = -40°C to +85°C 

J Access Time: 15 150 ns 

I 20 200 ns 
25 250 ns 

1 Shipping: Blank Tube 
T Tape and Reel "L" and "SO" 

l Option: - = twc= 1ms 
F = twc = 200 µs 

' Device: 28C17A 2K x 8 CMOS EEPROM 

Sales and Support 

Products supported by a preliminary Data Sheet may pcssibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature#} you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1 ·800-755-2345 or 1-602-786-7302. 
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MICROCHIP 28C64A 
64K (SK x 8) CMOS EEPROM 

FEATURES 

• FB.st Read Ar.r.Ass lirn8--150 ns 
• CMOS Technology for Low Power Dissipation 

- 30 mA Active 
- 100 µA Standby 

• Fast Byte Write Time--200 µs or 1 ms 
Data Retention > 10 years 
High Endurance - Minimum 104 Erase/Wrtte Cycles 

• Automatic Write Operation 
Internal Control Timer 

- Auto-Clear Before Write Operation 
- On-Chip Address and Data Latches 

• Data Polling 
• Ready/Busy 
• Chip Clear Operation 
• Enhanced Data Protection 

Vee Detector 
- Pulse Filter 
- Write Inhibit 

• Electronic Signature for Device Identification 
• 5-Volt-Only Operation 
• Organized 8Kx8 JEDEC Standard Pinout 

28-pin Dual-In-Line Package 
32-pin Chip Carrier (Leadless or Plastic) 

- 28-pin Thin Small Outline Package (TSOP) 
8x20mm 
28-pin Very Small Outline Package (VSOP) 
8x13.4mm 

• Available for Extended Temperature Ranges: 
- Commercial: 0°C to +70°C 

DESCRIPTION 

The Microchip Technology Inc. 2BC64A is a CMOS 64K non
volatile electrically Erasable PROM. The 28C64A is 
accessed like a static RAM for the read or write cycles without 
the need of external components. During a "by1e write", the 
address and data are latched internally, freeing the micropro
cessor address and data bus for other operations. Following 
the initiation of write cycle, the device will go to a busy state 
and automatically clear and write the latched data using an 
internal control timer. To determine when the write cycle is 
complete, the user has a choice of monitoring the Ready/ 
Busy output or using Data polling. The Ready/Busy pin is an 
open drain output, which allows easy configuration in wired
or systems. Alternatively, Data polling allows the user to read 
the location last written to when the write operation is com
plete. CMOS design and processing enables this part to be 
used in systems where reduced power consumption and reli
ability are required. A complete family of packages is offered 
to provide the utmost flexibility in applications 

© 1994 Microchip Technology Inc. 

PACKAGE TYPE 

1/01 

1/02 

Voo 

I~ 
~~~~~1~~ 

•Pin 1 indicator on PLCC on top of package 

OE 28 A10 
A11 : 27 fE 

A9 26 1/07 
AB 25 1/06 

mi 

NC 

] 
24 !/05 

WE 23 1104 
Vco 

TSOP ---- 22 1/03 
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5E 22 ' 21 A10 
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A9 24 

c:J 
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WE 27 16 1/04 
Vee 28 15 1/03 
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A4 9 A1 
A3 A2 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 MAXIMUM RATINGS* 

Vee and input voltages w.r.t. Vss ....... -0.6V to+ 6.25V 

Voltage on OE w.r.t. Vss ..................... -0.6V to + 13.SV 

Voltage on A9 w.r.t. Vss ...................... -0.6V to +13.SV 

Output Voltage w.r.t. Vss ................ -0.6V to Vcc+0.6V 

Storage temperature .......................... -65°C to + 12s·c 

Ambient temp. with power applied ....... -so·c to +95°C 

'Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

AO -A12 

CE 

OE 

~ 

1/00 -1/07 

ROY/Busy 

Vee 

Vss 

NC 

NU 

PIN FUNCTION TABLE 

Function 

Address Inputs 

Chip Enable 

Output Enable 

Write Enable 

Data Inputs/Outputs 

Ready/Busy 

+5V Power Supply 

Ground 

No Connect; No Internal Connection 

Not Used; No External Connection is 
Allowed 

TABLE 1-2: READ/WRITE OPERATION DC CHARACTERISTIC 

Parameter Status Symbol 

Input Voltages Logic '1' VIH 
Logic 'O' VIL 

Input Leakage - Ill 

Input Capacitance - CIN 

Output Voltages Logic '1' VOH 
Logic 'O' VOL 

Output Leakage - ILO 

Output Capacitance - COUT 

Power Supply Current, Active TTL input Ice 

Power Supply Current, Standby TTL input lcc(S)TIL 
TTL input ICC(S)TIL 

CMOS input lcc(s)CMOS 

Note 1: AC power supply current above SM Hz: 2mA/MHz. 
Note 2: Not 100% tested. 
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Min 

2.0 
-0.1 

-10 

-

2.4 

-10 

-

-

-

Vee= +5V ±10% 
Commercial (C): Tamb = o·c to +70°C 
Industrial (I): Tamb = -40°C to +as·c 

Max Units Conditions 

Vcc+1 v 
0.8 v 
10 µA VIN= -0.1Vto Vee +1 

10 pF VIN = OV; Tamb = 25°C; 
f = 1 MHz (Note 2) 

v IOH = -400 µA 
0.45 v IOL=2.1 mA 

10 µA VOUT = -0.1 v to Vee 
+0.1V 

12 pF VIN = OV; Tamb = 25°C; 
f = 1 MHz (Note 2) 

30 mA f = 5 MHz (Note 1) 
Vee= 5.5V 

2 mA CE= VIH (0°C to +70°C) 
3 mA CE= VIH (-40°C to +85°C) 

100 µA CE= Vcc-0.3 to Vee +1 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V; VIL= 0.45V; VOH = 2.0V; VOL= 0.8V 
Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 20 ns 
Ambient Temperature: Commercial (C): Tamb = o·c to +70'C 

Industrial (I): Tamb = -40'C to +85'C 

28C64A-15 28C64A-20 28C64A-25 
Parameter Symbol Units Conditions 

Min Max Min Max Min Max 

Address to Output Delay tACC - 150 - 200 - 250 ns 

CE to Output Delay tCE - 150 - 200 - 250 ns 

OE to Output Delay tOE - 70 - 80 - 100 ns 

CE or OE High to Output Float tOFF 0 50 0 55 0 70 ns 

Output Hold from Address, CE !OH 0 - 0 - 0 - ns 
or OE, whichever occurs first. 

Note 1: Not 100% tested. 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
---- tCE(2) __ __, 

VIH 
OE 

VIL 
IOE(2) --

VOH 
HighZ Data Valid Output 

VOL 

VIH 
WE 

VIL 

Notes: (1) !OFF is specttied for OE or CE, whichever occurs first 
(2) OE may be delayed up to tcE -toE after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested 
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OE=C°E=VIL 

OE= VIL 

CE=VIL 

Note 1 

Note 1 

HighZ 
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TABLE 1-4: BYTE WRITE AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V; VIL= 0.45V; VOH = 2.0V; VOL= O.BV 
Output Load: 1 TIL Load+ 100 pF 
Input Rise/Fall Times: 20ns 
Ambient Temperature: Commercial (C): Tamb = o·c to +?o·c 

Industrial (I): Tamb = -4o·c to +B5°C 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 10 - ns 

Address Hold Time tAH 50 - ns 

Data Set-Up Time IDS 50 - ns 

Data Hold Time tDH 10 - ns 

Write Pulse Width IWPL 100 - ns Note 1 

Write Pulse High Time IWPH 50 - ns 

OE Hold Time IOEH 10 - ns 

OE Set-Up Time !OES 10 - ns 

Data Valid Time tDv - 1000 ns Note 2 

Time lo Device Busy IDB 2 50 ns 

Write Cycle Time (28C64A) twc - 1 ms 0.5 ms typical 

Write Cycle Time (28C64AF) twc - 200 µs 100 µs typical 

Note 1: A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on the pos
itive edge WE, whichever occurs first. 

Note 2: Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until !DH 
after the positive edge of WE or CE, whichever occurs first. 

FIGURE 1-2: PROGRAMMING WAVEFORMS 

Address 

Data In 

OE 

Rdy/Busy 

~::-V_{;~-
___/ttAs- 1---- !AH----<:f'""i \ 

VIH ------~:,i 
4~~~1------tWPL----t-~7~1~ 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

i~---------~1 !DH 
--tov--- tDs-

------++--</ 

* ~ IOES I....,_ 

__ _J/ 

1-----twc 

-
~>--------
¥ 

~ '----------
- t OE H 
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FIGURE 1-3: DATA POLLING WAVEFORMS 

V1H =>< Address 
VIL 

Address Valid X 
~---~ 

_ VIH 
WE 

Vu 

VIH 
OE 

VIL 

Data 
VIL 

Data In 
Valid 

tWPH 

FIGURE 1-4: CHIP CLEAR WAVEFORMS 

VIH --------~ 

CE 
VIL 

VH 

OE 
VIH --------~ 

28C64A 

Last Written 
Address Valid 

--- tACC ---

--- toE ---

l/070ut 

tH 

True Data Out 

ts 
1- 1------ tw ---~1 

VIH -----------~1 

WE 

VIL 

TABLE 1-5: SUPPLEMENTARY CONTROL 

Mode CE OE 

Chip Clear VIL VIH 

Extra Row Read VIL VIL 

Extra Row Write * VIH 

WE A9 

VIL x 
VIH A9=VH 

* A9 = VH 

Note: VH = 12.0V±O.SV. *Pulsed per programming waveforms. 

© 1994 Microchip Technology Inc. 

tw = 10ms 
ts =IH = 1µs 

VH = 12.0V ±0.5V 

Vee 1101 

Vee 

Vee Data Out 

Vee Data In 
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2.0 DEVICE OPERATION 
The Microchip Technology Inc. 28C64A has four basic 
modes of operation-read, standby, write inhibit, and 
byte write-as outlined in the following table. 

Operation 
CE OE WE VO 

Rdy/Busy 
Mode (1) 

Read L L H Dour H 

Standby H x x High Z H 

Write Inhibit H x x High Z H 

Write Inhibit x L x High Z H 

Write Inhibit x x H High Z H 

Byte Write L H L DIN L 

Byte Clear Automatic Before Each "Write" 

Note 1: Open drain output. 
Note 2: X = Any TTL level. 

2.1 Read Mode 

The 28C64A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to 
the output pins independent of device selection. 
Assuming that addresses are stable, address access 
time (tACC) is equal to the delay from CE to output 
(tCE). Data is available at the output toE after the fall
ing edge of OE, assuming that CE has been low and 
addresses have been stable for at least tAee-tOE. 

2.2 Standby Mode 

The 28C64A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby 
mode, the outputs are in a high impedance state, inde
pendent of the OE input. 

2.3 Data Protection 

In order to ensure data integrity, especially during criti
cal power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 

First, an internal Vee detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation 
when Vee is less than the Vee detect circuit trip. 

Second, there is a WE filtering circuit that prevents WE 
pulses of less than 1 O ns duration from initiating a write 
cycle. 

Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vee). 
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2.4 Write Mode 

The 28C64A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and ini
tiated by a low going pulse on the WE pin. On the fall
ing edge of WE, the address information is latched. On 
rising edge, the data and the control pins (CE and OE) 
are latched. The Ready/Busy pin goes to a logic low 
level indicating that the 28C64A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C64A has completed writing and is ready 
to accept another cycle. 

2.5 Data Polling 

The 28C64A features Data polling to signal the comple
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the 
data complement of 1/07 (1100 to 1/06 are indetermin
able). After completion of the write cycle, true data is 
available. Data polling allows a simple read/compare 
operation to determine the status of the chip eliminat
ing the need for external hardware. 

2.6 Electronic Signature for Device 
Identification 

An extra row of 32 bytes of EEPROM memory is avail
able to the user for device identification. By raising A9 
to 12V ±0 .5V and using address locations 1 FEO to 
1 FFF, the additional bytes can be written to or read 
from in the same manner as the regular memory array. 

2.7 Chip Clear 

All data may be cleared to 1 's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 

© 1994 Microchip Technology Inc. 
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NOTES 

I 
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28C64A Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

28C64A F T - 15 I /P .., 

0 
Package: J = CERDIP 

L = Plastic Leaded Chip Carrier (PLCC) 
p = Plastic DIP 

so = Plastic Small Outline IC 
TS = Thin Small Outline Package (TSOP) 8x20mm 
VS = Very Small Outline Package (VSOP) 8x13.4mm 

Temperature Blank = 0°C to +70°C 
Range: I = -40°C to +85°C 

Access Time: 15 150 ns 

I 20 200 ns 
25 250 ns 

Shipping: Blank Tube 
l T Tape and Reel "L" and "SO" 

Option: - = twc= 1ms 

I F = twc = 200 µs 

1 
Device: 28C64A BK x 8 CMOS EEPROM 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and recom
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1.Your local Microchip sales office 

2.The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3.The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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27C64 
27LV64 
27C128 
27C256 
27HC256 
27LV256 
27HC1616 
27C512A 
27LV512 
37L V36/65/128 
Memory Products 

SECTION7 
EPROM 

PRODUCT SPECIFICATIONS 

64K (8K x 8) CMOS EPROM ............................................................................. 7-1 
64K (BK x 8) Low-Voltage CMOS EPROM ........................................................ 7-9 
128K (16K x 8) CMOS EPROM ....................................................................... 7-17 
256K (32K x 8) CMOS EPROM ....................................................................... 7-25 
256K (32K x 8) High-Speed CMOS EPROM ................................................... 7-33 
256K (32K x 8) Low-Voltage CMOS EPROM .................................................. 7-41 
256K (16K x 16) High-Speed CMOS EPROM ................................................. 7-49 
512K (64K x 8) CMOS EPROM ....................................................................... 7-57 
512K (64K x 8) Low-Voltage CMOS EPROM .................................................. 7-65 
36K, 64K and 128K Serial EPROM Family ...................................................... 7-73 
EPROM Programming Guide ........................................................................... 7-85 
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MICROCHIP 27C64 
64K (8K x 8) CMOS EPROM 

FEATURES 

• High speed performance 

- 120 ns access time available 

• CMOS Technology for low power consumption 

- 20 mA Active current 

- 100 µA Standby current 

• Factory programming available 

• Auto-insertion-compatible plastic packages 

• Auto ID aids automated programming 

• Separate chip enable and output enable controls 

• High speed "express" programming algorithm 

• Organized BK x B: JEDEC standard pinouts 
2B-pin Dual-in-line package 

32-pin Chip carrier (leadless or plastic) 

2B-pin SOIC package 

2B-pin TSOP package 

Tape and reel 
• Available for the following temperature ranges: 

Commercial: 0°C to +70°C 

- Industrial: -40°C to +B5°C 

DESCRIPTION 

The Microchip Technology Inc. 27C64 is a CMOS 64K 
bit (electrically) Programmable Read Only Memory. 
The device is organized as BK words by B bits (BK 
bytes). Accessing individual bytes from an address 
transition or from power-up (chip enable pin going low) 
is accomplished in less than 120 ns. CMOS design and 
processing enables this part to be used in systems 
where reduced power consumption and high reliability 
are requirements. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC, SOIC, or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. UV erasable versions are also avail
able. 

© 1995 Microchip Technology Inc. 
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PACKAGE TYPE 

DIP/SOIC 

v,, 28 Vee 

A12 27 PGM 

26 NC 

25 AB 

24 A9 

A4 '<!' 23 A11 
<O 

6E A3 (j 22 
I' 21 A10 N 

20 Cl' 
AO 10 19 07 

18 06 

01 12 05 

02 13 04 

Vss 14 03 

PLCC/LCC 

TSOP 

OE 1. ,28 A10 
A11 2 ,' 27 CE 
A93 2607 
A84 I 2506 

"!i .i. l~---27_C_6_4 ___ ~r ;; ~ 
A6 11 \ 18 00 
AS 12 17 AO 
A4 13 16 A1 
A3 14' ' 15 A2 
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27C64 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vee and input voltages w.r.t. Vss ....... -0.6V to + 7.25V 

VPP voltage w.r.t. Vss during 
programming .......................................... -0.6V to +14V 

Voltage on A9 w.r.t. Vss ...................... -0.6V to +13.5V 

Output voltage w.r.t. Vss ............... -0.6V to Vee+ 1.0V 

Storage temperature .......................... -65°C to + 150°C 

Ambient temp. with power applied ..... -65°C to +125°C 

*Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

AO-A12 

CE 

OE 

PGM 

VPP 

00-07 

Vee 

Vss 

NC 

NU 

TABLE 1·2: READ OPERATION DC CHARACTERISTICS 

Vee= +5V (±10%) 

PIN FUNCTION TABLE 

Function 

Address Inputs 

Chip Enable 

Output Enable 

Program Enable 

Programming Voltage 

Data Output 

+5V Power Supply 

Ground 

No Connection; No Internal Connec-
lions 

Not Used; No External Connection Is 
Allowed 

Commercial: Tamb= 0°Cto +70°C 
Industrial: Tamb = -40°C to +85°C 

Parameter Part* Status Symbol Min Max Units Conditions 

Input Voltages all Logic "1" VIH 2.0 Vee+1 v 
Logic "O" VIL -0.5 0.8 v 

Input Leakage all - lu -10 10 µA VIN= Oto Vee 

Output Voltages all Logic "1" VOH 2.4 v IOH = -400 µA 
Logic "O" VOL 0.45 v IOL=2.1 mA 

Output Leakage all - ILO -10 10 µA VOUT = ov to Vee 

Input Capacitance all - CIN - 6 pF VIN = OV; Tamb = 25°C; 
I= 1 MHz 

Output Capacitance all - COUT - 12 pF VOUT = OV; Tamb = 25°C; 
I= 1 MHz 

Power Supply Current, c TTL input lee1 - 20 mA Vee = 5.5V; VPP = Vee; 
Active I TTL input lee2 - 25 mA I= 1 MHz; OE = CE = VIL; 

IOUT = 0 mA; VIL= -0.1 to 0.8V; 
VIH = 2.0 to Vee; Note 1 

Power Supply Current, c TTL input lee(s) - 2 mA 
Standby I TTL input - - 3 mA 

all CMOS input - - 100 µA CE = Vee± 0.2V 

IPP Read Current all Read Mode IPP 100 µA VPP= 5.5V 
VPP Read Voltage all Read Mode VPP Vee-0.7 Vee v Note 2 

--
•Parts: C=Commercial Temperature Range; I =Industrial Temperature Range 
Note 1: Typical active current increases .5 mA per MHz up to operating frequency for all temperature ranges. 
Note 2: Vee must be applied before VPP, and be removed simultaneously or after VPP. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V and VIL= 0.45V; VoH = 2.0V VOL = 0.8V 
Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb= O'C to +70'C 

Industrial: Tamb = -40'C to +85°C 

27C64-12 27C64-15 27C64-17 27C64-20 27C64-25 
Parameter Sym Units Conditions 

Min Max Min Max Min Max Min Max Min Max 

Address to Outp1_1t D81ay ta.Ge - 120 - 150 - T Ho - 200 - 250 !1S 

CE to Output Delay ICE - 120 - 150 - 170 - 200 - 250 ns 

OE to Output Delay !OE - 65 - 70 - 70 - 75 - 100 ns 

CE or OE to O/P High !OFF 0 50 0 50 0 50 0 55 0 60 ns 
Impedance 

Output Hold from !OH 0 - 0 - 0 - 0 - 0 - ns 
Address CE or OE, 
whichever occurs first 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address Valid 

VL 

VIH 
CE 

VL 
-tCE(2) 

VIH 

OE 
VL 

Outputs 
VOH 

HighZ 
00-07 

VOL 
Valid Output 

,.,.._ ___ IACC ---1~ 

Note 1: tOFF is specified for OE or CE, whichever occurs first. 
Note 2: OE may be delayed up to ICE - tOE after the falling edge of CE without impact on tCE. 
Note 3: This parameter is sampled and is not 100% tested. 

© 1995 Microchip Technology Inc. 

CE= OE= V!~ 

OE= VIL 

CE= VIL 

HighZ 
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TABLE 1-4: PROGRAMMING DC CHARACTERISTICS 

Ambient Temperature: Tamb = 2S°C ± S°C 
Vee= 6.SV ± 0.2SV, VPP = VH = 13.0V ± 0.2SV 

Parameter Status Symbol Min Max. Units Conditions 

Input Voltages Logic"1" VIH 2.0 Vcc+1 v 
Logic"O" VIL -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN = ov to Vee 

Output Voltages Logic"1" VOH 2.4 - v IOH = -400 µA 
Logic"O" VOL - 0.4S v IOL= 2.1 mA 

Vee Current, program & verify - lcc2 - 20 mA Note 1 

VPP Current, program - IPP2 - 2S mA Note 1 

A9 Product Identification - VH 11.S 12.S v 
Note 1: Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP. 

TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 

for Program, Program Verify AC Testing Waveform: VIH=2.4V and VIL=0.4SV; VOH=2.0V; VOL=O.BV 
and Program Inhibit Modes Ambient Temperature: Tamb=2S°C ±S°C 

Vee= 6.SV ± 0.2SV, VPP = VH = 13.0V ± 0.2SV 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time !AS 2 - µs 

Data Set-Up Time IDS 2 - µs 

Data Hold Time tDH 2 - µs 

Address Hold Time !AH 0 - µs 

Float Delay (2) tDF 0 130 ns 

Vee Set-Up Time tvcs 2 - µs 

Program Pulse Width (1) IPW 9S 10S µs 100 µs typical 

CE Set-Up Time ICES 2 - µs 

OE:: Set-Up Time tOES 2 - µs 

VPP Set-Up Time IVPS 2 - µs 

Data Valid from OE:: IOE - 100 ns 

Note 1: For express algorithm, initial programming width tolerance is 100 µs ±So/o. 
Note 2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 

longer driven (see timing diagram). 

DS11107J-page 7-4 © 1995 Microchip Technology Inc. 



27C64 
FIGURE 1-2: PROGRAMMING WAVEFORMS (1) 

~-----Program ____ _,.. _____ Verify -----io-t 

VIH 
Address Address Stable 

VL 

VIH 
Data HighZ 

VL 

-j !DH 

13.0V(3) 
VPP 

5.0 v 

6.5 v (3) 
Vee 

5.0 v 

VIH 
CE 

VL 

VIH 
PGM 

VL 

VIH 
!OE 

OE (2) 

VL 

Notes: (1) The input timing reference is 0.8 V for VIL and 2.0 V for VIH. 
(2) IDF and !OE are characteristics of the device but must be accommodated by the programmer. 
(3) Vee = 6.5 V ±0.25 V, VPP = VH = 13.0 V ±0.25 V for Express algorithm. 

TABLE 1-6: MODES 

Operation Mode CE OE 

Read VIL VIL 

Program VIL VIH 

Program Verify VIL VIL 

Program Inhibit VIH x 
Standby VIH x 
Output Disable VIL VIH 

Identity VIL VIL 

X = Don't Care 

1.2 Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OE'. pin is low to gate the data to the output 
pins 

© 1995 Microchip Technology Inc. 

PGM 

VIH 

VIL 

VIH 

x 
x 

VIH 

VIH 

VPP A9 00-07 

Vee x Dour 

VH x DIN 

VH x Dour 

VH x High Z 

Vee x High Z 

Vee x High Z 

Vee VH Identity Code 

For Read operations, if the addresses are stable, the 
address access time (!Ace) is equal to the delay from 
CE to output (ICE). Data is transferred to the output 
after a delay from the falling edge of OE (!OE). 
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1.3 Standby Mode 

The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 

When these conditions are met, the supply current will 
drop from 20 mA to 100 µA. 

1.4 Output Enable 

This feature eliminates bus contention in microproces
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 

• The OE and PGM pins are both high. 

1.5 Erase Mode (U.V. Windowed 
Versions> 

Windowed products offer the capability to erase the 
memory array. The memory matrix is erased to the all 
1's state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm2 is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra
violet lamp with a wavelength of 2537 Angstroms, 
intensity of 12,000µW/cm2 for approximately 20 min
utes. 

1.6 Programming Mode 

The Express Algorithm has been developed to improve 
the programming throughput times in a production 
environment. Up to ten 1 OD-microsecond pulses are 
applied until the byte is verified. No overprogramming 
is required. A flowchart of the express algorithm is 
shown in Figure 1-3. 

Programming takes place when: 

a) Vee is brought to the proper voltage, 

b) VPP is brought to the proper VH level, 

c) the CE pin is low, 

d) the OE pin is high, and 

e) the PGM pin is low. 

Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO-A 12 and the data to be programmed is pre
sented to pins 00-07. When data and address are sta
ble, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 
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After the array has been programmed it must be veri
fied to ensure all the bits have been correctly pro
grammed. This mode is entered when all the following 
conditions are met: . 

a) Vee is at the proper level, 

b) VPP is at the proper VH level, 

c) the CE line is low, 

d) the PGM line is high, and 

e) the l5E line is low. 

1.8 Inhibit 

When programming multiple devices in parallel with dif
ferent data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low on a particular device in conjunction with the PGM 
or CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level 
is present on CE or PGM); and the device is inhibited 
from programming. 

1.9 Identity Mode 

In this mode, specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and device 
type. This mode is entered when Pin A9 is taken to VH 
(11.5Vto 12.5V). The CE and OE lines must be at VIL 
AO is used to access any of the two non-erasable bytes 
whose data appears on 00 through 07. 

Pin-- Input Output 

Identity 0 0 0 0 0 0 0 0 H 
AO 

t 7 6 5 4 3 2 1 0 
e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 0 0 0 0 0 0 1 0 02 

* Code subject to change 

© 1995 Microchip Technology Inc. 



FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T arrb = 25'C ±5°C 
Vee = 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1995 Microchip Technology Inc. 

Device 
Passed 

ADDR = First Location 
Vee= 6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
Increment X 

Verify >-P_a_s_s ____ --, 
Byte 

No 

Fail 

Last 
Address? 

No 

Yes 

Increment Address 

Vee= VPP = 4.5V, 5.5V 

Device 
Failed 

27C64 

• 
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27C64 Product Identification Svstem 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

27C64 - 25 I /K 

Package: 

~--.... Temperature 
Range: 

'-------l Access 
Time: 

DS11107J-page 7-8 

J 

K 
L 
p 

CERDIP 

Ceramic Leadless Chip Carrier 

Plastic Leaded Chip Carrier 

Plastic DIP 

Plastic SOIC so 
TS Thin Small Outline Package (TSOP) BX13.4mm 

12 

15 

O"Cto+70"C 

-40"C to +85"C 

120 ns 

150 ns 

17 170 ns 

20 200 ns 

25 250 ns 

27C64 64K (BK x 8) CMOS EPROM 

© 1995 Microchip Technology Inc. 



MICROCHIP 27LV64 
64K (SK x 8) Low-Voltage CMOS EPROM 

FEATURES 

• Wide voltage range 3.0V to 5.5V 

• High speed performance 

- 200 ns access time available at 3.0V 

• CMOS Technology for low power consumption 

- S mA active current at 3.0V 

- 20 mA active current at 5.5V 

- 100 µA standby current 

• Factory programming available 

• Auto-insertion-compatible plastic packages 

• Auto ID aids automated programming 

• Separate chip enable and output enable controls 

• High speed "express" programming algorithm 

• Organized SK x S: JEDEC standard pinouts 

- 2S-pin Dual-in-line package 

- 32-pin Chip carrier (leadless or plastic) 

- 2S-pin SOIC package 
- 2S-pin TSOP package 

- Tape and reel 

• Available for the following temperature ranges: 
- Commercial: o·c to +70°C 

- Industrial: -40°C to +ss·c 

DESCRIPTION 

The Microchip Technology Inc. 27LV64 is a low-voltage 
(3.0 volt) CMOS EPROM designed for battery powered 
applications. The device is organized as SK x S (SK
Byte) non-volatile memory product. The 27LV64 con
sumes only SmA maximum of active current during a 
3.0 volt read operation therefore improving battery per
formance. This device is designed for very low voltage 
applications where conventional 5.0 volt only EPROMs 
can not be used. Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 200 ns at 
3.0V.This device allows system designers the ability to 
use low voltage non-volatile memory with today's low 
voltage microprocessors and peripherals in battery 
powered applications. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. 

© 1994 Microchip Technology Inc. 

PACKAGE TYPE 

I DIP/SOIC 

PLCC/LCC 

TSOP 

6E 1. 
A11 2 '-, ,,,, 3 
AB 4 

..J'!Q 

;::::~I PGM 
Vee 27LV64 
VPP 
A12 

A7 10 ;' 
AB 11 
AB 12 
AA 13 ' 
A3 14' 

Vee 
PGM 
NC 

AB 
A9 

A11 

6E 
A10 

C"E 
07 
06 
05 
04 
03 

'28 
,: 27 

28 
25 

r::~ 
... 19 

18 
17 

', 16 
'15 

A10 
ce 
07 
OB 
05 
04 
03 

Vss 
02 
01 
00 
AO 
A1 
A2 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1 Maximum Ratings* 

Vee and input voltages w.r.t. Vss ....... -0.6V to+ 7.25V 

VPP voltage w.r.t. Vss during 
programming .......................................... -0.6V to+ 14V 

Voltage on A9 w.r.t. Vss ...................... -0.GV to +13.5V 

Output voltage w.r.t. Vss ............... -0.6V to Vee+ 1.0V 

Storage temperature .......................... -65"C to + 150"C 

Ambient temp. with power applied ..... -65"C to + 125"C 

•Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat· 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

Name 

AO-A12 

CE 

OE 

PGM 

VPP 

00-07 

Vee 

Vss 

NC 

NU 

Function 

Address Inputs 

Chip Enable 

Output Enable 

Program Enable 

Programming Voltage 

Data Output 

+5V Or +3V Power Supply 

Ground 

No Connection; No Internal Connec-
tions 

Not Used; No External Connection Is 
Allowed 

TABLE 1-2: READ OPERATION DC CHARACTERISTICS 

Vee= 3.0V to 5.5V unless otherwise specified 
Commercial: Tamb= O"Cto +?O"C 
Industrial: Tamb = -40"C to +85"C 

Parameter Part* Status Symbol Min. Max. Units Conditions 

Input Voltages all Logic "1" VIH 2.0 Vcc+1 v 
Logic "O' VIL -0.5 0.8 v 

Input Leakage all - lu -10 10 µA VIN= Oto Vee 

Output Voltages all Logic "1' VOH 2.4 v IOH = -400 µA 
Logic "O" VOL 0.45 v IOL = 2.1 mA 

Output Leakage all - ILO -10 10 µA VOUT = ov to Vee 

Input Capacitance all - CIN - 6 pF VIN = OV; Tamb = 25°C; 
I= 1 MHz 

Output Capacitance all - COUT - 12 pF VOUT = OV; Tamb = 25°C; 
I= 1 MHz 

Power Supply Current, c TILinput lee1 - 20@ 5.0V mA Vee = 5.5V; VPP = Vee 
Active 8@ 3.0V mA I= 1 MHz; 

I TILinput lee2 - 25@ 5.0V mA OE= CE= VIL; 
10@ 3.0V mA !OUT= 0 mA; 

VIL= -0.1 to 0.8V; 
VIH = 2.0 to Vee; 
Note 1 

Power Supply Current, c TILinput lce(s) - 1 @3.0V mA 
Standby I TILinput 2@ 3.0V mA 

all CMOS input 100 @3.0V µA CE = Vee ± 0.2V 

• Parts: C=Commercial Temperature Range; l=lndustrial Temperature Range 
Note 1: Typical active current increases .5 mA per MHz up to operating frequency for all temperature ranges. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V and VIL= 0.45V; VOH = 2.0V VOL= a.av 
Output Load: 1 TTL Load+ 100 pF 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb= o·c1o+?o·c 

Industrial: Tamb = .4o·c to +85°C 

27LV64-20 27LV64-25 27LV64-30 
Parameter Sym Units Conditions 

Min. Max. Min. Max. Min. Max. 

Addres$ tu Output Deiay ......... ,., - 200 - 250 - 300 n~ CE" OE"= V!L lf\\ .. A.1 

CE to Output Delay ICE - 200 - 250 - 300 ns OE=VIL 

OE to Output Delay !OE - 100 - 125 - 125 ns "CE:= VIL 

CE or OE to O/P High !OFF 0 50 0 50 0 50 ns 
Impedance 

Output Hold from Address CE or !OH 0 - 0 - 0 - ns 
OE, whichever goes first 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
-tCE(2) 

VIH 

OE 
VIL 

Outputs 
VoH 

HighZ 
00-07 

VOL 
Valid Output 

HighZ 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to ICE - !OE after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested. 
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TABLE 1-4: PROGRAMMING DC CHARACTERISTICS 

Ambient Temperature: Tamb = 25°C ± 5°C 
Vee= 6.5V ± 0.25V, VPP = VH = 13.0V ± 0.25V 

Parameter Status Symbol Min. Max. Units Conditions 

Input Voltages Logic"1" VIH 2.0 Vcc+1 v 
Logic"O" VIL -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN = ov to Vee 

Output Voltages Logic"1" VoH 2.4 v IOH = -400 µA 
Logic"O" VOL 0.45 v IOL= 2.1 mA 

Vee Current, program & verify - lcc2 - 20 mA Note 1 

VPP Current, program - IPP2 - 25 mA Note 1 

A9 Product Identification - VH 11.5 12.5 v 
Note 1: Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP. 

TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 

for Program, Program Verify AC Testing Waveform: VIH=2.4V and VIL=0.45V; VOH=2.0V; VOL=0.8V 
and Program Inhibit Modes Ambient Temperature: Tamb=25°C ± 5°C 

Vee= 6.5V ± 0.25V, VPP = VH = 13.0V ± 0.25V 

Parameter Symbol Min. Max. Units Remarks 

Address Set-Up Time IAS 2 - µs 

Data Set-Up Time IDS 2 - µs 

Data Hold Time !DH 2 - µs 

Address Hold Time IAH 0 - µs 

Float Delay (2) IDF 0 130 ns 

Vee Set-Up Time tvcs 2 - µs 

Program Pulse Width (1) IPW 95 105 µs 100 µs typical 

CE Set-Up Time ICES 2 - µs 

~Set-Up Time IOES 2 - µs 

VPP Set-Up Time IVPS 2 - µs 

Data Valid from ~ !OE 100 ns 

Note 1: For express algorithm, initial programming width tolerance is 100 µs ±5%. 
Note 2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 

longer driven (see timing diagram). 
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27LV64 
FIGURE 1-2: PROGRAMMING WAVEFORMS (1) 

.------- Program ------ii------Verify -----. 

Address 

Data 

VPP 

Vee 

OE 

V1H 

VIL 

VIH 

VIL 

5.0 v 

5.0V 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

!OE 
(2) 

Notes: (1) The input timing reference is O.BV for VL and 2.0V for V1H. 
(2) toF and toE are characteristics of the device but must be accommodated by the programmer. 
(3) Vee= 6.5V ±0.25V, V PP= VH = 13.0V ±0.25V for Express algorithm. 

TABLE 1-6: MODES 

Operation Mode CE OE 

Read VIL VIL 

Program VIL VIH 

Program Verify VIL VIL 

Program Inhibit VIH x 
Standby VIH x 
Output Disable VIL VIH 

Identity VIL VIL 

X = Don't Care 

1.2 Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OE pin is low to gate the data to the output 
pins 

© 1994 Microchip Technology Inc. 

PGM 

VIH 

VIL 

VIH 

x 
x 

VIH 

VIH 

VPP A9 00-07 

Vee x DOUT 

VH x DIN 

VH x Dour 

VH x High Z 

Vee x High Z 

Vee x High Z 

Vee VH Identity Code 

For Read operations, if the addresses are stable, the 
address access time (tAcc) is equal to the delay from 
CE to output (tcE). Data is transferred to the output 
after a delay from the falling edge of OE (toE). 
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1.3 Standby Mode 

The standby mode is defined when the Cl: pin is high 
(VIH) and a program mode is not defined. 

When these conditions are met, the supply current will 
drop from 20 mA to 100 µA. 

1.4 Output Enable 

This feature eliminates bus contention in microproces· 
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 

• The OE and PGM pins are both high. 

1.5 Erase Mode (U.V. Windowec! Versions) 

Windowed products offer the capability to erase the 
memory array. The memory matrix is erased to the all 
1 's state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm2 is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra
violet lamp with a wavelength of 2537 Angstroms, 
intensity of 12,000µW/cm2 for approximately 20 min
utes. 

1.6 Programming Mode 

The Express Algorithm has been developed to improve 
the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. No overprogramming 
is required. A flowchart of the express algorithm is 
shown in Figure 1-3. 

Programming takes place when: 

a) Vee is brought to the proper voltage, 
b) VPP is brought to the proper VH level, 

c) the CE pin is low, 

d) the OE pin is high, and 

e) the l5G'M pin is low. 

Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO-A 12 and the data to be programmed is pre
sented to pins 00-07. When data and address are sta
ble, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 
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After the array has been programmed it must be veri
fied to ensure all the bits have been correctly pro
grammed. This mode is entered when all the following 
conditions are met: 

a) Vee is at the proper level, 

b) VPP is at the proper VH level, 

c) the CE line is low, 

d) the PGM line is high, and 

e) the OE line is low. 

1.8 .ln.llll2it 

When programming multiple devices in parallel with dif
ferent data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or l5G'M line 
low on a particular device in conjunction with the J5Giiii 
or Cl: line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level 
is present on CE or l5G'M); and the device is inhibited 
from programming. 

1.9 Identity Mode 

In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and device 
type. This mode is entered when Pin A9 is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be a:t VIL. 
AO is used to access any of the two non-erasable bytes 
whose data appears on 00 through 07. 

Pin -- Input Output 

Identity 0 0 0 0 0 0 0 0 
H 

' 
AO 

7 6 5 4 3 2 1 0 
e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 0 0 0 0 0 0 1 0 02 

* Code subject to change 

© 1994 Microchip Technology Inc. 
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FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T arrti = 2s·c ±s·c 
Vee= 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1994 Microchip Technology Inc. 

Device 
Passed 

ADDR = First Location 
Vee=6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
Increment X 

Verify Pass 
B~e >------~ 

Fail 

No 

Last Yes 
Address? >------, 

No 

Increment Address 

Vee= VPP = 4.5V, 5.5V 

All 
Yes b~es No 

=original 
data? 

Device 
Failed 
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27LV64 Product Identification System 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

27LV64-25 I /K .., r-T_ 
Package: J CERDIP 

K Ceramic Leadless Chip Carrier 

L Plastic Leaded Chip Carrier 
p Plastic DIP 

so Plastic SOIC 

TS Thin Small Outline Package 

j Temperature o·c to+1o·c 

I Range: I -40"C to +85"C 

j Access 20 200 ns 

I Time: 25 250 ns 

30 300 ns 

1 Device: 27LV64 64K (SK x 8) Low-Voltage CMOS EPROM 
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MICROCHIP 27C128 
128K (16K x 8) CMOS EPROM 

FEATURES 

- 120 ns access time available 

• CMOS Technology for low power consumption 

- 20 mA Active current 

- 100 µA Standby current 

• Factory programming available 

• Auto-insertion-compatible plastic packages 

• Auto ID aids automated programming 

• Separate chip enable and output enable controls 

• High speed "express" programming algorithm 

• Organized 16K x 8: JEDEC standard pinouts 
28-pin Dual-in-line package 

- 32-pin Chip carrier (leadless or plastic) 

- 28-pin SOIC package 

- 28-pin TSOP package 

Tape and reel 
• Available for the following temperature ranges: 

- Commercial: o·c to +70"C 

Industrial: -40"C to +85"C 

Automotive: -40"C to +125"C 

DESCRIPTION 

The Microchip Technology Inc. 27C128 is a CMOS 
128K bit (electrically) Programmable Read Only Mem
ory. The device is organized as 16K words by 8 bits 
(16K bytes). Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 120 ns. CMOS 
design and processing enables this part to be used in 
systems where reduced power consumption and high 
reliability are requirements.A complete family of pack
ages is offered to provide the most flexibility in applica
tions. For surface mount applications, PLCC, SOIC, or 
TSOP packaging is available. Tape and reel packaging 
is also available for PLCC or SOIC packages. UV eras
able versions are also available. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC, SOIC, or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. UV erasable versions are also avail
able. 

© 1994 Microchip Technology Inc. 

PACKAGE TYPE 
I DIP/SOIC 

28 Vee 
27 PGM 

26 A13 
25 AB 

24 A9 

CXI A11 

"' OE 

[i A10 ,... CE N 
07 
06 
05 

04 

03 

PLCC/LCC 

A6 EJl:Jl:Jt~J~jl~Jt~Jl~Jf]~ AB 

A5 ~] fjj A9 
A4 ]~j fjJ A11 
A3 ~] CO f~ NC 
A2 .?] N f.E OE 
A1 ]§j (j fjj A10 

AO ]iJ ~ fjj CE 
NC jjj fjj 07 
00 jjj fjj 06 

r~1 r~1r~1r~:r;1r~1r~1 

TSOP 

6E 1. • 28 A10 
A11 2 \ ," 27 C. 

A9 3 26 07 
AB 4 25 06 

A13 ; 'l ,' 24 05 
PGM 

!:: ; 
04 

v~ 27C128 03 

Vee v .. 
A12 02 

A? 10 ,', \ 19 01 
A6 11 18 00 
AS 12 17 AO 
A4 13 , ' 16 A1 
A3 14' '15 A2 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vee and input voltages w.r.t. Vss ........ -0.6V to +7.25V 

VPP voltage w.r.t. Vss during 
programming .......................................... -0.6V to +14V 

Voltage on A9 w.r.t. Vss ...................... -0.GV to +13.SV 

Output voltage w.r.t. Vss ............... -0.6V to Vee +1.0V 

Storage temperature .......................... -65'C to +150'C 

Ambient temp. with power applied ..... -65'C to +125'C 

*Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat· 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

AO-A13 

CE 

OE 

PGM 

VPP 

00-07 

Vee 

Vss 

NC 

NU 

TABLE 1-2: READ OPERATION DC CHARACTERISTICS 

Vee= +5V (±10%) 
Commercial: 
Industrial: 

PIN FUNCTION TABLE 

Function 

Address Inputs 

Chip Enable 

Output Enable 

Program Enable 

Programming Voltage 

Data Output 

+5V Power Supply 

Ground 

No Connection; No Internal Connec-
tions 

Not Used; No External Connection Is 
Allowed 

Tamb= O'Cto +70'C 
Tamb = -40'C to +85'C 

Extended (Automotive): Tamb = -40°C to +125°C 

Parameter Part• Status Symbol Min. Max. Units Conditions 

Input Voltages all Logic "1" VIH 2.0 Vee+1 v 
Logic "O" VIL -0.5 0.8 v 

Input Leakage all - lu -10 10 µA VIN =Oto Vee 

Output Voltages all Logic "1" VOH 2.4 v IOH = -400 µA 
Logic "O" VOL 0.45 v IOL= 2.1 mA 

Output Leakage all - ILO -10 10 µA VOUT = ov to Vee 

Input Capacitance all - CIN - 6 pF VIN = OV; Tamb = 25°C; 
f = 1 MHz 

Output Capacitance all - COUT - 12 pF VOUT = OV; Tamb = 25°C; 
f = 1 MHz 

Power Supply Current, c TTL input lee1 - 20 mA Vee= 5.5V; VPP = Vee 
Active l,E TTL input lee2 - 25 mA f = 1 MHz; 

OE=CE=VIL; 
IOUT=O mA; 
VIL= -0.1 to 0.8V; 
VIH = 2.0 to Vee; 
Note 1 

Power Supply Current, c TTL input lee(s) - 2 mA 
Standby I, E TTL input - 3 mA 

all CMOS input - 100 µA CE= Vee± 0.2V 

IPP Read Current all Read Mode IPP 100 µA VPP = 5.5V 
VPP Read Voltage all Read Mode VPP Vee-0.7 Vee v Note 2 

•Parts: C=Commercial Temperature Range; I, E=lndustrial and Extended Temperature Ranges 

Note 1: Typical active current increases .75 mA per MHz up to operating frequency for all temperature ranges. 
Note 2: Vee must be applied before VPP, and be removed simultaneously or after VPP. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V and VIL= 0.45V; VOH = 2.0V VOL= 0.8V 
Output Load: 1 TIL Load + 100 pF 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb= O'Cto +70'C 

Industrial: Tamb = -40'C to +85'C 
Extended (Automotive): Tamb = -40°C to + 125°C 

27C128-12 27C128-15 27C128-17 27C128-20 27C128-25 
Parameter Sym 

Min/ Max Min Max Min Max Min Max Min Max 

Address to Output Delay tACC - 120 - 150 - 170 - 200 - 250 

cr to Output Delay !CE - 120 - 150 - 170 - 200 - 250 

OE to Output Delay !OE - 65 - 70 - 70 - 75 - 100 

cr or OE to O/P High !OFF 0 50 0 50 0 50 0 55 0 60 
Impedance 

Output Hold from !OH 0 - 0 - 0 - 0 - 0 -
Address CE or OE, 
whichever occurs first 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
- 1CE(2) 

VIH 

OE 
VIL 

Outputs 
VOH 

HighZ 
00-07 

VOL 
Valid Output 

----- 1ACC -------1'"'"1 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tcE-tOE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 
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Units Conditions 

ns CE=OE=VIL 

ns OE=VIL 

ns CE=VIL 

ns 

ns 

HighZ 
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TABLE 1-4: PROGRAMMING DC CHARACTERISTICS 

Ambient Temperature: Tamb = 2S°C ± S°C 
Vee= 6.SV ± 0.2SV, VPP = 13.0V ± 0.2SV 

Parameter Status Symbol Min Max. Units Conditions 

Input Voltages Logic"1" VIH 2.0 Vcc+1 v 
Logic"O" VIL -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN = ov to Vee 

Output Voltages Logic"1" VOH 2.4 v IOH = -400 µA 
Logic"O" VOL 0.4S v IOL= 2.1 mA 

Vee Current, program & verify - lcc2 - 20 mA Note 1 

VPP Current, program - IPP2 - 2S mA Note 1 

A9 Product Identification - VH 11.S 12.S v 
Note 1: Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP 

TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 

for Program, Program Verify AC Testing Waveform: VIH=2.4V and VIL=0.4SV; VOH=2.0V; VOL=0.8V 
and Program Inhibit Modes Ambient Temperature: Tamb=2S°C± S°C 

Vee= 6.SV ± 0.2SV, VPP = VH = 13.0V ± 0.2SV 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time !AS 2 - µs 

Data Set-Up lime IDS 2 - µs 

Data Hold lime !DH 2 - µs 

Address Hold lime !AH 0 - µs 

Float Delay (2) !DF 0 130 ns 

Vee Set-Up lime tvcs 2 - µs 

Program Pulse Width (1) !PW 9S 10S µs 100 µs typical 

CE Set-Up lime ICES 2 - µs 

OE Set-Up Time !OES 2 - µs 

VPP Set-Up lime IVPS 2 - µs 

Data Valid from OE !OE - 100 ns 

Note 1: For express algorithm, initial programming width tolerance is 100 µs ±S%. 
Note 2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 

longer driven (see timing diagram). 
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27C128 
FIGURE 1-2: PROGRAMMING WAVEFORMS (1) 

i------ Program -----+-----Verify -----i 

Address 

Data 

VPP 

Vee 

OE 

High Z 

VIH 

VL 

tOE 
(2) 

tDF 
(2\ 

Notes: (1) The input timing reference is O.BV for VIL and 2.0V for VIH. 
(2) tDF and toE are characteristics of the device but must be accommodated by the programmer. 
(3) Vee = 6.5V ±0.25V, VPP = VH = 13.0V ±0.25V for Express algorithm. 

TABLE 1-6: MODES 

Operation Mode CE OE 

Read VIL VIL 

Program VIL VIH 

Program Verify VIL VIL 

Program Inhibit VIH x 
Standby VIH x 
Output Disable VIL VIH 

Identity VIL VIL 

X = Don't Care 

1.2 Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OE: pin is low to gate the data to the output 
pins 

© 1994 Microchip Technology Inc. 

PGM 

VIH 

VIL 

VIH 

x 
x 

VIH 

VIH 

VPP A9 00-07 

Vee x DOUT 

VH x DIN 

VH x DOUT 

VH x HighZ 

Vee x HighZ 

Vee x HighZ 

Vee VH Identity Code 

For Read operations, if the addresses are stable, the 
address access time (tAee) is equal to the delay from 
CE to output (teE). Data is transferred to the output 
after a delay from the falling edge of OE (toE). 
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1.3 Standby Mode 

The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 

When these conditions are met, the supply current will 
drop from 20 mA to 100 µA. 

1.4 Output Enable 

This feature eliminates bus contention in microproces
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 

• The OE and PGM pins are both high. 

1.5 Erase Mode <U.V. Windowed 
Versions) 

Windowed products offer the capability to erase the 
memory array. The memory matrix is erased to the all 
1 's state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm2 is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra
violet lamp with a wavelength of 2537 Angstroms, 
intensity of 12,000µW/cm2 for approximately 20 min
utes. 

1.6 Programming Mode 

The Express Algorithm has been developed to improve 
the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. No overprogramming 
is required. A flowchart of the express algorithm is 
shown in Figure 1-3. 

Programming takes place when: 

a) Vee is brought to the proper voltage, 

b) VPP is brought to the proper VH level, 

c) the CE pin is low, 

d) the OE pin is high, and 

e) the PGM pin is low. 

Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO-A 13 and the data to be programmed is pre
sented to pins 00-07. When data and address are sta
ble, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 
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After the array has been programmed it must be veri
fied to ensure all the bits have been correctly pro
grammed. This mode is entered when all the following 
conditions are met: 

a) Vee is at the proper level, 

b) VPP is at the proper VH level, 

c) the CE line is low, 

d) the PGM line is high, and 

e) the OE line is low. 

1.8 Inhibit 

When programming multiple devices in parallel with dif
ferent data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low on a particular device in conjunction with the PGJ'iif 
or CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level 
is present on CE or PGM); and the device is inhibited 
from programming. 

1.9 Identity Mode 

In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and device 
type. This mode is entered when Pin A9 is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be at VIL. 
AO is used to access any of the two non-erasable bytes 
whose data appears on 00 through 07. 

Pin --- Input Output 

Identity 0 0 0 0 0 0 0 0 H 

t 
AO 

7 6 5 4 3 2 1 0 
e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 1 0 0 0 0 0 1 1 83 

* Code subject to change 

© 1994 Microchip Technology Inc. 



FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T arm = 25°C ±5°C 
Vee= 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1994 Microchip Technology Inc. 

Device 
Passed 

ADDR =First Location 
Vee=6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
Increment X 

Pass 

No 
x = 10? 

Last Yes 
Address? >-'--""----~ 

No 

Increment Address 

Vee= VPP = 4.5V, 5.5V 

All 
Yes bytes No 

=original 
data? 

Device 
Failed 

27C128 

II 
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27C128 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

27C128- 25 I IP -.- - r~ Package: J CERDIP 

K Ceramic Leadless Chip Carrier 

L Plastic Leaded Chip Carrier 
p Plastic DIP 

so Plastic SOIC 

TS Thin Small Outline Package (TSOP) BX13.4mm 

Temperature O'Cto+70'C 

Range: I -40'C to +85'C 

E -40'C to +125'C 

Access 12 120 ns 

Time: 15 150 ns 

17 170 ns 

20 200 ns 

25 250 ns 

-i Device: 27C128 128K (16K x 8) CMOS EPROM 
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MICROCHIP 27C256 
256K (32K x 8) CMOS EPROM 

FEATURES 

• High speed perfonnance 

- 90 ns access time available 

• CMOS Technology for low power consumption 

- 20 mA Active current 

- 100 µA Standby current 

• Factory programming available 

• Auto-insertion-compatible plastic packages 

• Auto ID aids automated programming 

• Separate chip enable and output enable controls 

• High speed "express" programming algorithm 

• Organized 32K x 8: JED EC standard pinouts 

- 28-pin Dual-in-line package 

- 32-pin Chip carrier (leadless or plastic) 

- 28-pin SOIC package 

- 28-pin Thin Small Outline Package (TSOP) 

- 28-pin Very Small Outline Package (VSOP) 

Tape and reel 

• Available for the following temperature ranges: 

- Commercial: o·c to +70°C 

- Industrial: -40°C to +85°C 

- Automotive: -40°C to +125°C 

DESCRIPTION 

The Microchip Technology Inc. 27C256 is a CMOS 
256K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized as 32K words by 8 
bits (32K bytes). Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 90 ns. This very 
high speed device allows the most sophisticated micro
processors to run at full speed without the need for 
WAIT states. CMOS design and processing enables 
this part to be used in systems where reduced power 
consumption and reliability are requirements. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC, SOIC or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. UV erasable versions are also avail
able. 

© 1994 Microchip Technology Inc. 

PACKAGE TYPE 

TSOP 

DE 1-. 1 20 ~o 
A11 2 \ / 27 CE 
A93\ /2807 

~TI L_ __ ·:·:·:i 27C256 !-:· __ :_:, _______ -_- ~2~~1 Dv:~sss 
~~~ ~ -------- 20 02 

A7 10 : ~. --------~ '. 19 01 
A611 / \ 18 DO 
AS 12 / \ 17 AO 
A4 13 / \ 16 A1 
A3 14"0 

'. 15 A2 

PLCC/LCC 

DIP/SOIC 

Vee Vee 
A12 A14 
A7 A13 
AfJ AfJ 
AS A9 
A4 IO A11 LI) 
A3 Cll i5E 
A2 u A10 I'-
A1 N CE 
AO 07 
DO 06 
01 05 
02 04 
Vss 03 

VSOP 

DE 22. . 21 A10 
A11 23 \ 20 BE 

A9 24 19 07 
AB 25 18 06 

A13 26 17 05 
A14 27 16 04 
Vee 28 27C256 15 03 
VPP 1 14 v .. 
A12 13 02 

A7 12 01 
AB 4 11 00 
AS 5 10 AO 
A4 6 ,' 9 A1 
A3 '8 /l:2 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vee and input voltages w.r.t. Vss ........ -0.6V to +7.25V 

VPP voltage w.r.t. Vss during 
programming ....................................... -0.SVto +14.0V 

Voltage on A9 w.r.t. Vss ...................... -0.6Vto +13.5V 

Output voltage w.r.t. Vss ............... -0.6V to Vee +1.0V 

Storage temperature .......................... -65'C to+ 150'C 

Ambient temp. with power applied ..... -65'C to +125'C 

'Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

AO-A14 

CE 

OE 

VPP 

00-07 

Vee 

Vss 

NC 

NU 

TABLE 1-2: READ OPERATION DC CHARACTERISTICS 

Vee= +5V (±10%) 
Commercial: 
Industrial: 

PIN FUNCTION TABLE 

Function 

Address Inputs 

Chip Enable 

Output Enable 

Programming Voltage 

Data Output 

+5V Power Supply 

Ground 

No Connection; No Internal Connec-
tion 

Not Used; No External Connection Is 
Allowed 

Tamb= O'Cto+70'C 
Tamb = -40'C to +85'C 

Extended (Automotive): Tamb = -40°C to +125°C 

Parameter Part* Status Symbol Min. Max. Units Conditions 

Input Voltages all Logic "1" VIH 2.0 Vee+1 v 
Logic "O" VIL -0.5 0.8 v 

Input Leakage all - ILi -10 10 µA VIN =Oto Vee 

Output Voltages all Logic "1" VOH 2.4 v IOH = -400 µA 
Logic "O" VOL 0.45 v IOL = 2.1 mA 

Output Leakage all - ILO -10 10 µA VOUT = ov to Vee 

Input Capacitance all - CiN - 6 pF VIN = OV; Tamb = 25°C; 
f = 1 MHz 

Output capacitance all - COUT - 12 pF VOUT = OV; Tamb = 25°C; 
f = 1 MHz 

Power Supply Current, c TTL input lee1 - 20 mA Vee = 5.5V; VPP = Vee 
Active l,E TTL input 1ee2 - 25 mA f = 1 MHz; 

OE= CE= VIL; 
IOUT=O mA; 
VIL= -0.1 to O.BV; 
VIH = 2.0 to Vee; 
Note 1 

Power Supply Current, c TTL input lee(s) - 2 mA 
Standby l,E TTL input 3 mA 

all CMOS input 100 µA CE= Vee± 0.2V 

IPP Read Current all Read Mode )pp 100 µA VPP =5.5V 
VPP Read Voltage all Read Mode VPP Vee-0.7 Vee v Note2 

• Parts: C=Commercial Temperature Range; I, E=lndustrial and Extended Temperature Ranges 

Note 1: Typical active current increases .75 mA per MHz up to operating frequency for all temperature ranges. 
Note 2: Vee must be applied before VPP, and be removed simultaneously or after VPP. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V and VIL= 0.45V; VOH = 2.0V VOL= 0.SV 
Output Load: 1 TTL Load+ 100 pF 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: 

Industrial: 
Automotive: 

27C256-90* 27C256-10* 27C256-12 27C256-15 
Paramele:r Sym 

Max 1 Min Min Max Min Max illiin Max 

Address to Output tACC - 90 - 100 - 120 - 150 
Delay 

CE to Output Delay tCE - 90 - 100 - 120 - 150 

OE to Output Delay tOE - 40 - 45 - 55 - 65 

CE or OE to O/P !OFF 0 30 0 30 0 35 0 50 
High Impedance 

Output Hold from tOH 0 - 0 - 0 - 0 -
Address CE or OE, 
whichever goes first 

• -10, -90 AC Testing Waveform: VIH = 2.4Vand VIL= .45V; VoH = 1.5V and VOL= 1.5V 
Output Load: 1 TIL Load + 30pF 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
ICE(2) 

VIH 
OE 

VIL 

VOH 

Tamb= o·c to +70'C 
Tamb = -40'C to +85'C 
Tamb = -40°C to +125°C 

27C256-20 
Units Conditions 

Mir. Max 

- 200 ns CE=OE=VIL 

- 200 ns OE;:= VIL 

- 75 ns CE= VIL 

0 55 ns 

0 - ns 

Outputs HighZ 
00-07 Valid Output 

HighZ 

VOL 

i----- tACC ----1'"1 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to ICE -toE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 
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TABLE 1-4: PROGRAMMING DC CHARACTERISTICS 

Ambient Temperature: Tamb = 2S°C ± s0 c 
Vee= 6.SV ± 0.2SV, VPP = VH = 13.0V ± 0.2SV 

Parameter Status Symbol Min Max. Units Conditions 

Input Voltages Logic"1" VIH 2.0 Vee+1 v 
Logic"O" VIL -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN = ov to Vee 

Output Voltages Logic"1" VOH 2.4 v IOH = -400 µA 
Logic"O" VOL 0.4S v IOL = 2.1 mA 

Vee Current, program & verify - lee2 - 20 mA Note 1 

VPP Current, program - IPP2 - 2S mA Note 1 

A9 Product Identification - VH 11.S 12.S v 
Note 1: Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP 

TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 

for Program, Program Verify AC Testing Waveform: VIH=2.4V and VIL=0.4SV; VOH=2.0V; VOL=0.8V 
and Program Inhibit Modes Output Load: 1 TTL Load + 1 OOpF 

Ambient Temperature: Tamb=2S°C ± S°C 
Vee= 6.SV ± 0.2SV, VPP = VH = 13.0V ± 0.2SV 

Parameter Symbol Min. Max. Units Remarks 

Address Set-Up Time !AS 2 - µs 

Data Set-Up Time IDS 2 - µs 

Data Hold Time tDH 2 - µs 

Address Hold Time !AH 0 - µs 

Float Delay (2) tDF 0 130 ns 

Vee Set-Up Time tves 2 - µs 

Program Pulse Width (1) tPW 9S 10S µs 100 µs typical 

CE Set-Up Time teES 2 - µs 

OE Set-Up Time tOES 2 - µs 

VPP Set-Up Time tVPS 2 - µs 

Data Valid from OE: tOE - 100 ns 

Note 1: For express algorithm, initial programming width tolerance is 100 µs ±S%. 
Note 2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 

longer driven (see timing diagram). 
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FIGURE 1-2: PROGRAMMING WAVEFORMS 

Program 

VIH 
Address Address Stable 

VIL 

VIH 
Data 

V1L 

IDH 

VPP 
5.0V 

Vee 
5.0V 

VIH 
CE 

VIL 

VIH 
OE 

VIL 

High Z 

IOES 
!OE 

(1) 

Verify 

27C256 

IDF 
(1) 

Notes: (1) 
(2) 

IDF and toE are characteristics of the device but must be accommodated by the programmer 
Vee= 6.5 V ±0.25V, VPP = VH = 13.0V ±0.25V for express algorithm 

TABLE 1-6: MODES 

Operation Mode CE 

Read VIL 

Program VIL 

Program Verify VIH 

Program Inhibit VIH 

Standby VIH 

Output Disable VIL 

Identity VIL 

X = Don't Care 

1.2 Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when: 

OE 

VIL 

VIH 

VIL 

VIH 

x 
VIH 

VIL 

a) the CE pin is low to power up (enable) the chip 

b) the OE pin is low to gate the data to the output 
pins 

© 1994 Microchip Technology Inc. 

VPP A9 00-07 

Vee x Dour 

VH x DIN 

VH x Dour 

VH x High Z 

Vee x HighZ 

Vee x High Z 

Vee VH Identity Code 

For Read operations, if the addresses are stable, the 
address access time (!Ace) is equal to the delay from 
CE to output (tcE). Data is transferred to the output 
after a delay from the falling edge of OE (toE). 
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1.3 Standby Mode 

The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 

When these conditions are met, the supply current will 
drop from 20 mA to 100 µA. 

1.4 Output Enable 

This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go ti:> a high 
impedance. when the following condition is true: 

• The OE pin is high and the program mode is not 
defined. 

1.5 Erase Mode (U.V.Windowed 
Versions) 

Windowed products offer the ability to erase the mem
ory array. The memory matrix is erased to the all 1 's 
state when exposed to ultraviolet light. To ensure com
plete erasure, a dose of 15 watt-second/cm2 is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra
violet lamp with a wavelength of 2537 Angstroms, 
intensity of 12,000µW/cm2 for approximately 20 min
utes. 

1.6 Programming Mode 

The Express Algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. No overprogramming 
is required. A flowchart of the express algorithm is 
shown in Figure 1-3. 

Programming takes place when: 

a) Vee is brought to the proper voltage, 

b) VPP is brought to the proper VH level, 

c) the OE pin is high, and 

d) the CE pin is low. 

Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO-A 14 and the data to be programmed is pre
sented to pins 00-07. When data and address are sta
ble, a low going pulse on the CE line programs that 
location. 
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After the array has been programmed it must be veri
fied to ensure all the bits have been correctly pro
grammed. This mode is entered when all the following 
conditions are met: 

a) Vee is at the proper level, 

b) VPP is at the proper VH level, 

c) the CE line is high, and 

d) the OE line is low. 

1.8 Inhibit 

When programming multiple devices in parallel with dif
ferent data, only CE need be under separate control to 
each device. By pulsing the CE line low on a particular 
device, that device will be programmed; all other 
devices with cr held high will not be programmed with 
the data, although address and data will be available 
on their input pins. 

1.9 Identity Mode 

In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and device 
type. This mode is entered when Pin A9 is taken to VH 
(11.5Vto 12.5V). The CE and OE lines must be at VIL. 
AO is used to access any of the two non-erasable bytes 
whose data appears on 00 through 07. 

Pin- Input Output 

Identity 0 0 0 0 0 0 0 0 H 

t 
AO 7 6 5 4 3 2 1 0 

e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 1 0 0 0 1 1 0 0 8C 

* Code subject to change 
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FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
Tamb = 25°C ±5°C 
Vee= 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1994 Microchip Technology Inc. 

Device 
Passed 

ADDR = First Location 
Vee= 6.5V 
VPP= 13.0V 

Program one 100 µs pulse 

Increment X 

Verify Pass 
Byte >-------~ 

No 

Last Yes 

Increment Address 

Vee= VPP = 4.5V, 5.5V 

Device 
Failed 

DS11001J-page 7-31 

• 



27C256 

27C256 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

27C256 - 90 I /TS 

Package: 

'-----1 Temperature 
Range: 

'-------1 Access 
Time: 

'----------1 Device 

DS11001J-page 7-32 

J CERDIP 
K Ceramic Leadless Chip Carrier 
L Plastic Leaded Chip Carrier 
P Plastic DIP 

SO Plastic SOIC 
TS Thin Small Outline Package (TSOP) 8x20mm 
VS Very Small Outline Package (VSOP) 8x13.4mm 

I 
E 

90 
10 

0°Cto+70°C 
-40°C to +85"C 
-40"C to +125"C 

90 ns 
100 ns 

12 120ns 
15 150 ns 
20 200 ns 

27C256 256K (32K x 8) CMOS EPROM 
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MICROCHIP 27HC256 
256K (32K x 8) High-Speed CMOS EPROM 

FEATURES 

• High speed performance 

- 55 ns access time available 

• CMOS Technology for low power consumption 

- 55 mAActive current 

- 100 µA Standby current 

• OTP (one time programming) available 
• Auto-insertion-compatible plastic packages 

• Auto ID aids automated programming 

• Organized 32K x 8: JEDEC standard pinouts 

- 28-pin Dual-in-line and SOIC package 

- 32-pin Chip carrier (leadless or plastic) 
- 28-pin Very Small Outline Package (VSOP) 

• Available for the following temperature ranges: 

Commercial: O'C to +70'C 

- Industrial: -40'C to +85'C 

Automotive: -40'C to +125'C 

DESCRIPTION 

The Microchip Technology Inc. 27HC256 is a CMOS 
256K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized as 32K words of 8 
bits each. Advanced CMOS technology allows bipolar 
speed with a significant reduction in power. A low 
power option (L) allows further reduction in the standby 
power requirement to 100 µA The 27HC256 is config
ured in a standard 256K EPROM pinout which allows 
an easy upgrade for present 27C256 users. A com
plete family of packages are offered to provide the 
utmost flexibility. The 27HC256 allows high perfor
mance microprocessors to run at full speed without the 
need of wait states. CMOS design and processing 
makes this part suitable for applications where high 
reliability and reduced power consumption are essen
tial. 

© 1994 Microchip Technology Inc. 

PACKAGE TYPE 

I DIP •cc 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1 Maximum Ratings* 

Vee and input voltages w.r.t. Vss ........ -0.6V to +7.25V 

VPP voltage w.r.t. Vss during 
programming ......................................... -0.6V to +14V 

VoltageonA9w.r.t. Vss ...................... -0.6Vto+13.5V 

Output voltage w.r.t. Vss ............... -0.6V to Vee +1.0V 

Temperature under bias ..................... -65°C to +125°C 

Storage temperature .......................... -65°C to +150°C 

Maximum exposure to UV .................... 7258Wsec/cm2 

ESD protection on all pins .................................... 2 KV 

*Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

Name 

AO-A14 

CE 

OE 

VPP 

00-07 

Vee 

Vss 

NC 

NU 

TABLE 1-2: READ OPERATION DC CHARACTERISTICS 

Vee= +5V ±10% 
Commercial: 
Industrial: 

Function 

Address Inputs 

Chip Enable 

Output Enable 

Programming Voltage 

Data Output 

+5V 

Ground 

No Connection; No Internal Connec-
lion 

Not Used; No External Connection Is 
Allowed 

Tamb= o·c10+1o·c 
Tamb = .4o·c to +85°C 

Extended (Automotive): Tamb = -40°C to +125°C 

Parameter Part* Status Symbol Min Max Units Conditions 

Input Voltages all Logic "1" VIH 2.0 Vee+1 v 
Logic "O" VIL -0.1 0.8 v 

Input Leakage all lu -10 10 µA VIN= -0.1V to Vee +1.0V 

Output Voltages all Logic "1" VOH 2.4 v IOH = -4 µA 
Logic "O" VOL 0.45 v IOL= 16 mA 

Output Leakage all - ILO -10 10 µA VOUT= -0.1Vto Vee +0.1V 

Input Capacitance all - CIN - 6 pF VIN = OV; Tamb = 25°C; I = 1 MHz 

Output Capacitance all - COUT - 12 pF VOUT = OV; Tamb = 25°C; 
f = 1 MHz 

Power Supply Current, c TTL input lee1 - 55 mA Vee = 5.5V; VPP =Vee 
Active l,E TTL input lee2 - 65 mA f = 2 MHz; OE= CE = VIL; 

IOUT = 0 mA; VIL= -0.1 to 0.8V; 
V1H = 2.0 to Vee; Note 1 

Power Supply Current, c - 1ee(s)1 - 35 mA 
Standby, Std l,E - 40 mA 

Power Supply Current, c TTL input lee(s)2 - 2 mA 
Standby, "L" version l,E TTL input 3 mA 
(low power) l,E CMOS input 100 µA CE = Vee± 0.2V 

IPP Read Current all Read Mode IPP Vee 100 µA VPP = 5.5V 
VPP Read Voltage all Read Mode VPP -0.7 Vee v Note2 

•Parts: C=Commercial Temperature Range; L =Low Power; I, E=lndustrial and Extended Temperature Ranges 

Note 1: Active current increases 3 mA per MHz for Commercial part or 5mA per MHz for Industrial or Extended 
temperature parts up to operating frequency. 

Note 2: Vee must be applied simultaneously or before VPP, and be removed simultaneously or alter VPP. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 3.0V and VIL= O.OV; VoH =VOL= 1.5V 
Output Load: 1 TTL Load+ 30 pF 
Input Rise and Fall Times: 5 ns 
Ambient Temperature: Commercial: Tamb= 0°Cto +70°C 

Industrial: Tamb = -40°C to +85°C 
Extended (Automotive): Tamb = -40°C to +125°C 

27HC256-55 27HC256-70 27HC256-90 
Parameter Part* Sym Units 

Min Max Min Max Min Max 

Address to Output Delay all IACC - 55 - 70 - 90 ns 

CE to Output Delay L 1CE1 - 55 - 70 - 90 ns 
s ICE2 45 45 50 

OE to Output Delay all !OE - 30 - 35 - 40 ns 

OE to O/P High all !OFF 0 25 0 30 0 35 ns 
Impedance 

Output Hold from all !OH 0 - 0 - 0 - ns 
Address CE or OE, 
whichever goes first 

• Parts: S = Standard Power; L = Low Power 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address valid 

VIL 

VIH 

CE 
VIL 

ICE(2) 

VIH 

OE 
VIL 

IOE(2) 

Outputs 
VOH 

HighZ 
00- 07 

VOL 
Valid Output 

Notes: (1) toFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to ICE - !OE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 

Conditions 

CE= OE= VIL 

OE= VIL 

CE= VIL 

HighZ 
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TABLE 1-4: PROGRAMMING DC CHARACTERISTICS 

Ambient Temperature: Tamb = 2s0 c ± s 0 c 
Vee = 6.SV ± 0.2SV, VPP = VH = 13.0V ± 0.2SV 

Parameter Status Symbol Min Max. Units Conditions 

Input Voltages Logic"1" VIH 2.0 Vcc+1 v 
Logic"O" VIL -0.1 0.8 v 

Input Leakage - Ill -10 10 µA VIN = ov to Vee 

Output Voltages Logic"1" VOH 2.4 - v IOH = -4 mA 
Logic"O" VOL - 0.4S v IOL= 16 mA 

Vee Current, program & verify - Ice - SS mA 

VPP Current, program - IPP - 30 mA Note 1 

A9 Product Identification - VH 11.S 12.S v 
Note 1: Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP 

TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 

tor Program, Program Verify AC Testing Waveform: VIH=2.4V and VIL=0.4SV; VOH=2.0V; VOL=O.BV 
and Program Inhibit Modes Ambient Temperature: Tamb=2S°C ± S°C 

VCC= 6.SV ± 0.2SV, VPP =13.0V ± 0.2SV 

Parameter Symbol Min. Max. Units Remarks 

Address Set-Up Time !AS 2 - µs 

Data Set-Up lime IDS 2 - µs 

Data Hold lime IDH 2 - µs 

Address Hold Time IAH 0 - µs 

Float Delay (2) IDF 0 130 ns 

Vee Set-Up lime tvcs 2 - µs 

Program Pulse Width (1) tPW 9S 10S µs 100 µs typical 

OE Set-Up lime IOES 2 - µs 

VPP Set-Up lime tvPS 2 - µs 

Data Valid from OE !OE - 100 ns 

Note 1: For express algorithm, initial programming width tolerance is 100 µs ±S%. 
Note 2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 

longer driven (see timing diagram). 
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FIGURE 1-2: 

VIH 
Address 

VIL 

VIH 
Data 

VIL 

VPP 
5.0V 

Vee 
5.0V 

VIH 
CE 

VIL 

VIH 
OE 

VIL 

PROGRAMMING WAVEFORMS 

Program 

Address Stable 

tDH 

!OES 

HighZ 

!OE 
(1) 

27HC256 

Verify 

Notes: (1) 
(2) 

tDF and toE are characteristics of the device but must be accommodated by the programmer 
Vee= 6.5V ±0.25V, VPP = VH = 13.0V ±0.25V for express algorithm 

TABLE 1-6: MODES 

Operation Mode CE OE 

Read VIL VIL 

Program VIL VIH 

Program Verify VIH VIL 

Program Inhibit VIH VIH 

Standby VIH x 
Output Disable VIL VIH 

Identity VIL VIL 

X = Don't Care 

2.0 FUNCTIONAL DESCRIPTION 
The 27HC256 has the following functional modes: 

• Operation: The 27HC256 can be activated for data 
read, be put in standby mode to lower its power 
consumption, or have the outputs disabled. 

• Programming: To receive its permanent data, the 
27HC256 must be programmed. Both a program 
and program/verify procedure are available. It can 
be programmed with the "Express" algorithm. 

© 1994 Microchip Technology Inc. 

VPP A9 00-07 

Vee x Dour 

VH x DIN 

VH x Dour 

VH x High Z 

Vee x High Z 

Vee x High Z 

Vee VH Identity Code 

The programming equipment can automatically recog
nize the device type and manufacturer using the iden
tity mode. 

2.1 Operations 

• Read 

• Standby 

• Output Disable 

For the general characteristics in these operation 
modes, refer to the table above. 
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2.2 Read Mode 

For timing and AC characteristics refer to the tables 
Read Waveforms and Read Operation AC Characteris
tics. 

The 27HC256's memory data is accessed when 

• the chip is enabled by setting the CE pin low. 

• the data is gated to the output pins by setting the 
OE pin low 

For Read operations on the Low Power version, once 
the addres~es are stable, the address access time 
(tAee) ~equal to the delay from CE to output (teE). A 
faster CE access time (teE) is available on the standard 
part to provide the additional time for decoding the CE 
signal. Data is transferred to the output after a delay 
(toE) from the falling edge of OE 

2.3 Standby Mode 

The standby mode is entered when the CE pin is high, 
and a program mode is not defined. When these con
ditions are met, the supply current will drop from 55 mA 
to 100 µA on the low power part, and to 35 mA on the 
standard part. 

2.4 Output Disable 

This feature eliminates bus contention in multiple bus 
microprocessor systems. The outputs go to a high 
impedance when the OE pin is high, and the program 
mode is not defined. 

2.5 Programming Algorithms 

The Express algorithm has been developed to improve 
programming throughput times in a production environ
ment. Up to 10 pulses of 100 µs each are applied until 
the byte is verified. No over-programming is required. 
A flowchart of this algorithm is shown in Figure 2-1. 

The programming mode is entered when: 

a) Vee is brought to the proper level 

b) VPP is brought to the proper VH level 
c) the OE pin is high 

d) the CE pin is low 

Since the erased state is '1' in the array, programming 
of "O' is required. The address of the memory location 
to be programmed is set via pins AO -A 14, and the data 
is presented to pins 00 - 07. When data and address 
are stable, a low going pulse on the CE line programs 
that memory location. 

2.6 Y.!llifx 
After the array has been programmed, it must be veri
fied to make sure that all the bits have been correctly 
programmed. This mode is entered when all of the fol
lowing conditions are met: 

DS11124G-page 7-38 

a) Vee is at the proper level 

b) VPP is at the proper VH level 

c) the CE pin is high 

d) the 'OE line is low 

After the array has been programmed it must be veri
fied to ensure all the bits have been correctly pro
grammed. This mode is entered when all the following 
conditions are met: 

a) Vee is at the proper level 

b) VPP is at the proper VH level, 

c) the CE line is high, an 

d) the OE line is low. 

2.7 Inhibit Mode 

When Programming multiple devices in parallel with 
different data only CE needs to be under separate con
trol to each device. By pulsing the CE line low on a par
ticular device, that device will be programmed, and all 
other devices with CE held high will not be pro
grammed with the data although address and data are 
available on their input pins. 

2.8 Identity Mode 

In this mode specific data is read from the device that 
identifies the manufacturer as Microchip Technology, 
and the device type. This mode is entered when pin A9 
is taken to VH (11.5V to 12.5V). The CE andOE pins 
must be at VIL AO is used to access any of the two 
non-erasable bytes whose data appears on 00- 07. 

Pin -- Input Output 

Identity AO 0 00 0 0 0 0 0 H 

• 
7 6 5 4 3 2 1 0 e 

x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 1 0 0 1 0 1 0 0 94 

2.9 Erasure 

Windowed products offer the ability to erase the mem
ory array. The memory matrix is erased to the all "1"s 
state when exposed to ultraviolet light at wavelengths 
s 4000 Angstroms (A). The recommended procedure 
is to expose the erasure window of device to a com
mercial UV source emitting at 2537 A with an intensity 
of 12,000µW/cm2 at 1'. The erasure time at that dis
tance is about 15 to 20 min. 

© 1994 Microchip Technology Inc. 



FIGURE 2-1: PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T amb = 25+/-5C 
Vee= 6.5+/-0.25V 
VPP = 13.0+/-0.25V 

© 1994 Microchip Technology Inc. 

Device 
Passed 

ADDR = First Location 
Vee= 6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
lncrementX 

No 

Yes 

Increment Address 

Vee= VPP = 4.5V, 5.5V 

Device 
Failed 

27HC256 

• 
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27HC256 Product Identification Svstem 
To order or to obtain Information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

Temperature 
Range: 

'-----I Access 
Time: 

'-------1 Power 
Type: 

,__ _____ --1 Device: 

DS11124G-page 7-40 

J 
K 
L 
p 

so 
VS 

E 

55 
70 
90 

L 

27HC256 

CERDIP 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Very Small Outline Package (VSOP) 8x13.4mm 

O"Cto+70"C 
-40"C to +85'C 
-40"C to +125'C 

55 ns 
70 ns 
90 ns (SOIC only) 

Standard Power 
Low Power 

256K (32K x 8) High-Speed EPROM 

© 1994 Microchip Technology Inc. 



MICROCHll=I 27LV256 
256K (32K x 8) Low-Voltage CMOS EPROM 

FEATURES 

• Wide voltage range 3.0V to 5.5V 

• High speed performance 

- 200 ns access time available at 3.0V 

• CMOS Technology for low power consumption 

8 mAActive current at 3.0V 

- 20 mAActive current at 5.5V 

- 100 µA Standby current 

• Factory programming available 

• Auto-insertion-compatible plastic packages 

• Auto ID aids automated programming 

• Separate chip enable and output enable controls 

• High speed "Express" programming algorithm 

• Organized 32K x 8: JEDEC standard pinouts 

28-pin Dual-in-line package 

32-pin PLCC package 

28-pin SOIC package 

28-pin VSOP package 

Tape and reel 

• Available for the following temperature ranges: 

Commercial: O'C to +70'C 

- Industrial: -40'C to +85'C 

DESCRIPTION 

The Microchip Technology Inc. 27LV256 is a low volt
age (3.0 volt) CMOS EPROM designed for battery 
powered applications. The device is organized as a 
32K x 8 (32K-Byte) non-volatile memory product. The 
27LV256 consumes only 8 mA maximum of active cur
rent during a 3.0 volt read operation therefore improv
ing battery performance. This device is designed for 
very low voltage applications where conventional 5.0 
volt only EPROMS can not be used. Accessing individ
ual bytes from an address transition or from power-up 
(chip enable pin going low) is accomplished in less than 
200 ns at 3.0V. This device allows systems designers 
the ability to use low voltage non-volatile memory with 
today's' low voltage microprocessors and peripherals 
in battery powered applications. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. 

© 1994 Microchip Technology Inc. 

PACKAGE TYPE 

I PDIP CJ 

PLCC 

SOIC 
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1.0 ELECTRICAL 
CHARACTERISTICS 

1.1 Maximum Ratings• 

Vee and input voltages w.r.t. Vss ........ -0.6V to +7.25V 

VPP voltage w.r.t. Vss during 
programming ......................................... -0.6V to+ 14V 

Voltage on A9 w.r.t. Vss ...................... -0.6V to +13.5V 

Output voltage w.r.t. Vss ............... -0.6V to Vee +1.0V 

Storage temperature .......................... -65°C to + 150°C 

Ambient temp. with power applied ..... -65°C to +125°C 

*Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

AO-A14 

CE 

OE 

VPP 

00-07 

Vee 

Vss 

NC 

NU 

PIN FUNCTION TABLE 

Function 

Address Inputs 

Chip Enable 

Output Enable 

Programming Voltage 

Data Output 

+5V or +3V Power Supply 

Ground 

No Connection; No Internal 
Connection 

Not Used; No External Connection Is 
Allowed 

TABLE 1-2: READ OPERATION DC CHARACTERISTICS 

Parameter Part• Status 

Input Voltages all Logic "1" 
Logic "O" 

Input Leakage all 

Output Voltages all Logic "1" 
Logic "O" 

Output Leakage all -

Input Capacitance all -

Output Capacitance all -

Power Supply Current, c TTL input 
Active 

I TTL input 

Power Supply Current, c TTL input 
Standby I TTL input 

all CMOS input 

*Parts: C=Commerc1al Temperature Range 
I =Industrial Temperature Ranges 

Vee= +5V ±10% or 3.0V where indicated 
Commercial: Tamb= 0°Cto +70°C 
Industrial: Tamb = -40'C to +85°C 

Symbol Min. Max. Units Conditions 

VIH 2.0 Vee+1 v 
VIL -0.5 0.8 v 
ILi -10 10 µA VIN =0 to Vee 

VOH 2.4 v IOH = -400 µA 
VOL 0.45 v IOL = 2.1 mA 

ILO -10 10 µA VOUT = ov to Vee 

CIN - 6 pF VIN = OV; Tamb = 25°C; 
I= 1 MHz 

Cour - 12 pF Vour = OV; Tamb = 25°C; 
I= 1 MHz 

lee1 - 20@ 5.0V mA Vee= 5.5V; VPP = Vee 
8@ 3.0V mA I= 1 MHz; 

lee2 - 25@ 5.0V' mA OE= CE= VIL; 
10@ 3.0V mA IOUT=OmA; 

VIL= -0.1 to O.SV; 
VIH = 2.0 to Vee; 
Note 1 

lee(s) - 1 @ 3.0V mA 
2@ 3.0V mA 

100@ 3.0V µA CE= Vee± 0.2V 

Note 1: Typical active current increases .75 mA per MHz up to operating frequency for all temperature ranges. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V and VIL= 0.45V; VoH = 2.0V VOL= 0.8V 
Output Load: 1 TTL Load+ 100 pF 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb= o·c to +70°C 

Industrial: Tamb = -40°C to +85°C 

27HC256-20 27HC256-25 27HC256-30 
Parameter Sym Units 

Min Max Min Max Min Max 

Adrlr""" to Output DAl<ilf IACC - 200 - 250 - 300 ns 

CE: to Output Delay ICE - 200 - 250 - 300 ns 

OE to Output Delay !OE - 100 - 125 - 125 ns 

CE or OE to O/P High !OFF 0 50 0 50 0 50 ns 
Impedance 

Output Hold from IOH 0 - 0 - 0 - ns 
Address CE or OE, 
whichever goes first 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address valid 

VIL 

VIH 

CE 
VIL 

tCE(2) 

VIH 

OE 
VIL 

Outputs 
VoH 

High Z 
00- 07 

VOL 
Valid Output 

----- !AOC ----t~ 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to ICE - !OE after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested. 
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Conditions 

CE= OE= VIL 

OE=VIL 

CE=VIL 

HighZ 
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TABLE 1-4: PROGRAMMING DC CHARACTERISTICS 

Ambient Temperature: Tamb = 25°C ± 5°C 
VCC=6.5V±0.25V, VPP= 13.0V±0.25V 

Parameter Status Symbol Min Max. Units Conditions 

Input Voltages Logic"1" VIH 2.0 Vcc+1 v 
Logic"O" VIL -0.1 0.8 v 

Input Leakage - Ill -10 10 µA VIN = ov to Vee 

Output Voltages Logic"1" VOH 2.4 v IOH = -400 µA 
Logic"O" VOL 0.45 v IOL = 2.1 mA 

Vee Current, program & verify - lcc2 - 20 mA Note 1 

VPP Current, program - IPP2 - 25 mA Note 1 

A9 Product Identification - VH 11.5 12.5 v 
Note 1: Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP. 

TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 

for Program, Program Verify AC Testing Waveform: VIH=2.4V and VIL=0.45V; VOH=2.0V; VOL=O.BV 
and Program Inhibit Modes Output Load: 1 TLL Load+ 100pF 

Ambient Temperature: Tamb=25°C±5°C 
VCC= 6.SV ± 0.25V, VPP =13.0V ± 0.25V 

Parameter Symbol Min. Max. Units Remarks 

Address Set-Up Time IAS 2 - µs 

Data Set-Up Time IDS 2 - µs 

Data Hold Time IDH 2 - µs 

Address Hold Time IAH 0 - µs 

Float Delay (2) IDF 0 130 ns 

Vee Set-Up Time tvcs 2 - µs 

Program Pulse Width (1) IPW 95 105 µs 1 00 µs typical 

CE Set-Up Time ICES 2 - µs 

OE Set-Up Time IOES 2 - µs 

VPP Set-Up Time IVPS 2 - µs 

Data Valid from OE !OE - 100 ns 

Note 1: For express algorithm, initial programming width tolerance is 100 µs ±5%. 
Note 2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 

longer driven (see timing diagram). 
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FIGURE 1-2: 

VIH 
Address 

VIL 

VIH 
Data 

VIL 

VPP 
5.0V 

Vee 
5.0V 

VIH 
CE 

VIL 

VIH 
OE 

VIL 

PROGRAMMING WAVEFORMS 

Program 

Address Stable 

iUi-i 

to ES 

HighZ 

toE 
(1) 

Verify 

27LV256 

tDF 
(1J I 

Notes: (1) 
(2) 

tDF and toE are characteristics of the device but must be accommodated by the programmer 
Vee= 6.5V ±0.25V, VPP = VH = 13.0V ±0.25V for express algorithm 

TABLE 1-6: MODES 

Operation Mode CE 

Read VIL 

Program VIL 

Program Verify VIH 

Program Inhibit VIH 

Standby VIH 

Output Disable VIL 

Identity VIL 

X = Don't Care 

1.2 Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when: 

OE 

VIL 

VIH 

VIL 

VIH 

x 
VIH 

VIL 

a) the CE pin is low to power up (enable) the chip 

b) the OE pin is low to gate the data to the output 
pins 

© 1994 Microchip Technology Inc. 

VPP A9 00-07 

Vee x DOUT 

VH x DIN 

VH x DOUT 

VH x HighZ 

Vee x High Z 

Vee x High Z 

Vee VH Identity Code 

For Read operations, if the addresses are stable, the 
address access time (tAcc) is equal to the delay from 
CE to output (ICE). Data is transferred to the output 
after a delay from the falling edge of OE (toE). 

OS 11020D-page 7-45 

II 



27LV256 

1.3 Standby Mode 

The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. Output Dis
able 

1.4 Output Enable 

This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 

• The OE pin is high and program mode is not 
defined. 

1.5 Programming Mode 

The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. No over-programming 
is required. A flowchart of the express algorithm is 
shown in Figure 1. 

Programming takes place when: 

a) Vee is brought to the proper voltage 

b) VPP is brought to the proper VH level 

c) the OE pin is high 

d) the CE pin is low 

Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO-A 14 and the data to be programmed is pre
sented to pins 00-07. When data and address are sta
ble, a low-going pulse on the CE line programs that 
location. 
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After the array has been programmed it must be veri
fied to ensure that all the bits have been correctly pro
grammed. This mode is entered when all of the 
following conditions are met: 

a) Vee is at the proper level 

b) VPP is at the proper VH level 

c) the CE pin is high 

d) the OE line is low 

1.7 

When Programming multiple devices in parallel with 
different data, only CE needs to be under separate con
trol to each device. By pulsing the CE line low on a par
ticular device, that device will be programmed, and all 
other devices with CE held high will not be pro
grammed with the data although address and data are 
available on their input pins. 

1.8 Identity Mode 

In this mode specific data is outputted which identifies 
the manufacturer as Microchip Technology Inc. and 
device type. This mode is entered when Pin A9 is 
taken to VH (11.SV to 12.SV). The CE and OE lines 
must be at VIL. AO is used to access any of the two 
non-erasable bytes whose data appears on 00 through 
07. 

Pin -- Input Output 

Identity 
AO 0 0 0 0 0 0 0 0 H 

t 7 6 5 4 3 2 1 0 e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 1 0 0 0 1 1 0 0 BC 

• Code subject to change. 

© 1994 Microchip Technology Inc. 
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FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
Tamb = 25+/-SC 
Vee = 6.5+/-0.25V 
VPP = 13.0+/-0.25V 

© 1994 Microchip Technology Inc. 

Device 
Passed 

ADDR = First Location 
Vee=6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
Increment X 

Verify Pass 
Byte >-----------. 

No 

Last Yes 
Address? >-'--"-"--------~ 

No 

Increment Address 

Vee= VPP = 4.SV, 5.SV 

Device 
Failed 
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27LV256 Product Identification System 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

27LV256 - 25 I /P 

L Package: 

Temperature 
Range: 

,__ ___ Access 

Time: 

~-------< Device: 

DS 110200-page 7 -48 

p 

so 
vs 

20 
25 

30 

27LV256 

Plastic Leaded Chip Carrier 

Plastic DIP 

Plastic SOIC 

Very Small Outline Package (VSOP) 8X13.4mm 

O"Cto+70°C 
-40 ·c to +85 ·c 

200ns 
250 ns 

300 ns (SOIC only) 

256K (32K x 8) Low-Voltage CMOS EPROM 

© 1994 Microchip Technology Inc. 



MICROCHIP 27HC1616 
256K (16K x 16) High-Speed CMOS EPROM 

FEATURES 

~ 5 bit ccnfiguratior. 
• High speed performance 

- 55 ns access time available 

• CMOS Technology for low power consumption 

- 90 mA Active current 

- 50 mA Standby current 

• Worldwide architecture offers space saving over 
Bytewide memories 

• Organized 16K x 16: JEDEC standard pinouts 

- 40-Pin ceramic dual in line package 

- 44-Pin ceramic leadless chip carrier 

• Temperature range available: 
- Commercial: 0°C to +70°C 

- Industrial: -40°C to +85°C 

DESCRIPTION 

The Microchip Technology Inc. 27HC1616 is a CMOS 
16K x 16 (2561<) Programmable Read Only Memory. 
The device operates at Bipolar PROM speeds but 
uses far less current than any Bipolar PROM. The 
27HC1616 is an excellent choice for any application 
requiring blazing speeds and low power consumption. 
The word wide (16 bit) architecture can replace two 8 
bit EPROMS in any 16 bit application saving valuable 
printed circuit space and components costs. Typical 
applications for the 27HC1616 include automotive sys
tems control, high speed modems, digital signal pro
cessing, or any application that uses the 80386, 68030, 
29000, etc. high performance microprocessors. 

© 1994 Microchip Technology Inc. 

PACKAGE TYPE 

DIP 
PliM 

015 NC 

014 

010 All 

A10 

07 AS 

A7 

A4 

A3 

00 

oe 

LCC g 5 51~ ~~ ~l~t?n~ g 
6 5 4 3 2 14443424140 

012 7 • 39 A13 
011 8 38 A12 
010 9 37 A11 

09 10 0 36 A10 
08 11 35 A9 

Vss 12 34 Vss 
NC 13 33 NC 
07 14 32 AS 
Ot'I 15 31 A7 
05 16 30 A6 
04 17 29 AS 

1819 202122232425282728 

8 8081~~ ~ <~ ~; 

BLOCK DIAGRAM 

CE"--

0E--
PGM-

VPP....,.. 

Vss-

Vcc--

Chip Enablei 
Output Enable 
Control Logic 

Programming 
Logic 

y 
Decoder 

x 
Decoder 

00 •••••••••••·••• 015 

Output Buffers 

256Kblt 
Cell Matrix 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1, Maximum Ratings* 

Vee and input voltages w.r.t. Vss ........ -0.SVto +7.25V 

VPP voltage w.r.t. Vss during 
programming ...................................... -0.SV to + 14.0V 

Voltage on A9 w.r. t. Vss ...................... -0.SV to + 13.5V 

Output voltage w.r.t. Vss ............... -0.SV to Vee +1.0V 

Temperature under bias ..................... -65°C to + 125°C 

Storage temperature .......................... -65"C to + 15o·c 

ESD protection on all pins .................................... 2 KV 
0 Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the devioe. This is a stress rat
ing only and functional operation of the devioe at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

AO-A13 

CE 

OE 

PGM 

VPP 

00-015 

Vee 

Vss 

NC 

TABLE 1-2: READ OPERATION DC CHARACTERISTICS 

Vee = +5V ±10% 
Commercial: 
Industrial: 

Parameter Part Status Symbol Min. Max. 

Input Voltages all Logic "1" VIH 2.0 Vcc+1 
Logic "O' VIL -0.1 0.8 

Input Leakage all - ILi -10 10 

Output Voltages all Logic "1' VOH 2.4 
Logic 'O" VOL 0.45 

Output Leakage all - ILO -10 10 

Input Capacitance all - CIN - 6 

Output Capacitance all - COUT - 12 

Power Supply Current, all TTL input Ice - 90 
Active 

Power Supply Current, all - Ice - 50 
Standby 

IPP Read Current all Read Mode (pp 100 
VPP Read Voltage all Read Mode VPP Vcc-0.7 Vee 

Note 1 : Active current increases 2 mA per MHz up to operating frequency. 

PIN FUNCTION TABLE 

Function 

Address Inputs 

Chip Enable 

Output Enable 

Program Enable 

Programming Voltage 

Data Output 

+5V Power Supply 

Ground 

No Connection; No Internal Connec-
lion 

Tamb= o·c10+1o·c 
Tamb = -40°C to +85°C 

Units Conditions 

v 
v 

µA VIN= -0.1 to Vee+ 1.0V 

v IOH=·2mA 
v (OL=8mA 

µA VOUT = -0.1V to Vee+ 0.1V 

pF VIN = OV; Tamb = 25°C; 
f = 1 MHz 

pF VouT = OV; Tamb = 25°C; 
f = 1 MHz 

mA Vee= 5.5V; VPP =Vee 
f = 2 MHz; OE = CE = VIL; 
(OUT=OmA; 
VIL= -0.1 to 0.8V; 
VIH = 2.0 to Vee; Note 1 

mA 

µA VPP =5.5V 
v Note2 

Note 2: Vee must be supplied simultaneously or before VPP and be removed simultaneously or after VPP. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Wavefoml: VIH = 3.0V and VIL= O.OV; VOH =VOL= 1.5V 
Output Load: 1 TTL Load + 30 pF 
Input Rise and Fall Times: 5 ns 
Ambient Temperature: Commercial: Tamb = o·c10 +1o·c 

Industrial: Tamb = -4o·c to +B5°C 

27HC1616-55 27HC1616-70 
Parameter Part Sym Units 

Min Max Min Max 

Address to 01.!tput DAlay all !ACC - 55 - 70 ns 

CE to Output Delay all ICE2 - 35 - 45 ns 

OE to Output Delay all IOE - 30 - 35 ns 

OE or OE to O/P High all !OFF 0 20 0 25 ns 
Impedance 

Output Hold from Address CE all !OH 0 - 0 - ns 
or OE, whichever goes first 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address valid 

VIL 

VIH 

CE 
VIL 

ICE(2) 

VIH 
OE 

VIL 

Outputs 
VOH 

HighZ 
00-015 

VOL 
Valid Output 

,__ ___ IACC ----ii~ 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to ICE -toE after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested. 

© 1994 Microchip Technology Inc. 

Conditions 

CE=OE=VIL 

OE=VIL 

CE=VIL 

HighZ 

DS11010E-page 7-51 

I 



27HC1616 

TABLE 1-4: PROGRAMMING DC CHARACTERISTICS 

Ambient Temperature: Tamb = 25°C ± 5°C 
For VPP and Vee Voltages refer to Programming Algorithm 

Parameter Status Symbol Min. Max. Units Conditions 

Input Voltages Logic "1" VIH 2.0 Vcc+1 v 
Logic "O" VIL -0;1 0.8 v 

Input Leakage - Ill -10 10 µA VIN= -0.1Vto Vee+ 1.0V 

Output Voltages Logic "1" VOH 2.4 v IOH= -2mA 
Logic "O" VOL - 0.45 v IOL= SmA 

Vee Current, program & verify - Ice - 90 mA Note 1 

VPP Current, program - IPP - 50 mA Note 1 

A9 Product Identification - VH 11.5 12.5 v 
Note 1: Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP. 

TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 

for Program, Program Verify AC Testing Wavefonn: VIH=2.4V, VIL=0.45V; VOH=2.0V and VOL=0.8V 
and Program Inhibit Modes Ambient Temperature: Tamb=25°C±5°C 

For VPP and Vee Voltages, refer to Programming Algorithm 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 2 - µs 

Data Set-Up Time IDS 2 - µs 

Data Hold Time !DH 2 - µs 

Address Hold Time tAH 0 - µs 

Float Delay (2) tDF 0 130 ns 

Vee Set-Up Time tvcs 2 - µs 

Program Pulse Width (1) !PW 95 105 µs 100 µs typical 

CE: Set-Up Time tCES 2 - µs 

OE Set-Up Time tOES 2 - µs 

VPP Set-Up Time tvPS 2 - µs 

Data Valid from O"E tOE - 100 ns 

Note 1: For express algorithm, initial programming width tolerance is 100 µs ±5%. 
Note 2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 

longer driven (see timing diagram). 
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FIGURE 1-2: PROGRAMMING WAVEFORMS 

14----- Program----..-i------Verily ----"'1 

Address 

Data 

VPP 

Vee 

CE 

PGM 

OE 

VIH 

VL 

VIH 

VL 

13.0V(2) 

5.0V 

6.5V(2) 

5.0V 

V1H 

VL 

VIH 

VL 

VIH 

VL 

!OE 

(1) 

Notes: (1) 
(2) 

IDF and !OE are characteristics of the device but must be accomodated by the programmer 
Vee= 6.5V ±0.25V, VPP = VH = 13.0V ±0.25V for express algorithm 

TABLE 1-6: MODES 

Operation Mode 

Read 

Program 

Program Verify 

Program Inhibit 

Standby 

Output Disable 

Identity 

X = Don't Care 
VH = 12.0 ±0.SV 

CE OE 

VIL VIL 

VIL VIH 

VIH VIL 

VIH x 
VIH x 
x VIH 

VIL VIL 

2.0 FUNCTIONAL DESCRIPTION 
The 27HC1616 has the following functional modes: 

• Operation: The 27HC1616 can be activated for 
data read, be put in standby mode to lower its 
power consumption, or have the outputs dis
abled. 

• Programming: To receive its permanent data, the 
27HC1616 must be programmed. Both a program 
and program/verify procedure is available. The 

© 1994 Microchip Technology Inc. 

PGM 

VIH 

VIL 

VIH 

x 
x 

VIH 

VIH 

VPP A9 00-07 

Vee x Dour 
VH x DIN 

VH x Dour 
VH x HighZ 

Vee x HighZ 

Vee x HighZ 

Vee VH Identity Code 

Express programming algorithm is recom
mended. 

The programming equipment can automatically recog
nize the device type and manufacturer using the iden
tity mode. 

For the general characteristics in these operation and 
programming modes, refer to the table. 
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3.0 OPERATION 

3.1 Read Mode 

For timing and AC characteristics refer to the tables 
Read Waveforms and Read Operation AC Characteris
tics. 

The 27HC1616's memory data is accessed when 

• the chip is enabled by setting the CE pin low 

• the data is gated to the output pins by setting the 
(ji:pin low 

3.2 Standby Mode 

The standby mode is entered when the CE pin is high, 
and the program mode is not defined. When these 
conditions are met, the supply current will drop from 90 
mAto50mA. 

3.3 Outout Disable 

This feature eliminates bus contention in multiple bus 
microprocessor systems. The outputs go to a high 
impedance when the rn: pin is high, and the program 
mode is not defined. 

3.4 Programming/Verification 

The 27HC1616 has to be programmed, and afterward 
the programmed information verified. Before these 
operations, the Identity Code can be read to properly 
set up automated equipment. Multiple devices in par
allel can be programmed using the programming and 
inhibit modes. 

3.5 Programming Algorithm 

The 'Express' algorithm has been developed to 
improve programming through-put times in a produc
tion environment. Up to 10 pulses of 100 µs each are 
applied until the byte is verified. No overprogramming 
is required. A flowchart of this algorithm is shown in 
Figure 3-1. 

Programming takes place when: 

a) Vee is brought to the proper level 

b) VPP is brought to the proper VH level 

c) the OE pin is high 

d) the CE pin is low 

e) the PGM pin is pulsed low 

Since the erased state is "1" in the array, programming 
of "O" is required. The address of the memory location 
to be programmed is set via pins AO -A 13, and the data 
is presented to pins 00 - 015. When data and address 
are stable, a low going pulse on the CE line programs 
that memory location. 
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After the array has been programmed, it must be veri
fied to make sure that all the bits have been correctly 
programmed. This mode is entered when all of the fol
lowing conditions are met: 

a) Vee is at the proper level 

b) VPP is at the proper VH level 

c) the OE line is low 

d) the CE pin is low, and 
e) the PGM line is high. 

3.7 Inhibit Mode 

When Programming multiple devices in parallel with 
different data only PGM needs to be under separate 
control to each device. By pulsing the J5G1iii line low on 
a particular device, that device will be programmed, 
and all other devices with corresponding PGM or CE 
held high will not be programmed with the data 
although address and data are available on their input 
pins. 

3.8 Identity Mode 

In this mode specific data is read from the device that 
identifies the manufacturer as Microchip Technology, 
and the device type. This mode is entered when pin A9 
is taken to VH (11.5V to 12.5V). The CE and OE pins 
must be at VIL. AO is used to access any of the two 
non-erasable bytes whose data appears on 00 - 07. · 

Pin -- Input Output 

Identity AO 0 00 00 0 0 0 H 

• 
7 6 5 4 3 2 1 0 e 

x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 1 0 0 1 0 1 1 1 97 

* Code subject to change 
Note 1: 015 - 08 are 00 for the manufacturer and 

device type code. 

3.9 Erasure 

Windowed products offer the ability to erase the mem
ory array. The memory matrix is erased to the all "1"s 
state as a result of being exposed to ultra-violet light at 
wavelengths $ 4000 Angstroms (A). The recom
mended procedure is to expose the erasure window of 
device to a .commercial UV source emitting at 2537A 
with an intensity of 12,000µW/cm2 at 1'. The erasure 
time at that distance is about 15 to 20 minutes. 

© 1994 Microchip Technology Inc. 
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FIGURE 3-1: PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T amb = 25°C ±5°C 
Vee = 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1994 Microchip Technology Inc. 

ADDA = First Location 
Vee= 6.SV 
VPP= 13.0V 

Program one 100 µs pulse 
Increment X 

Verify Pass 
Byte >-----------, 

Fail 

No 
X= 10? 

Last Yes 
Address? >-------~ 

No 

Increment Address 

Vee= VPP = 4.5V, 5.5V 

~D-e~vi-ce~ Yes 

Passed 

All 
bytes No 

=original 
data? 

Device 
Failed 
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27HC1616 Product Identification System 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

27HC1616 -~I_!~ 

I ~Package: 

~ ~:~:;ature 
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_JI Access 
Time: 

-1 Device: 

J 

K 

55 
70 

27HC1616 

CERDIP 

Ceramic Leadless Chip Carrier 

O"Cto+70"C 

-40°C to +85°C 

55 ns 
70ns 
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MICROCHIP 27C512A 
512K (64K x 8) CMOS EPROM 

FEATURES 

High speed p0Mormancc 

- 70 ns access time available 

• CMOS Technology for low power consumption 

- 25 mA Active current 

- 30 µA Standby current 

• Factory programming available 

• Auto-insertion-compatible plastic packages 

• Auto ID aids automated programming 

• High speed express programming algorithm 

• Organized 64K x 8: JEDEC standard pinouts 

28-pin Dual-in-line package 

32-pin Chip carrier (leadless or plastic) 

28-pin SOIC package 

28-pin TSOP package 

28-pin VSOP package 

Tape and reel 

• Available for the following temperature ranges 

Commercial: 0°C to +70°C 

Industrial: -40°C to +85°C 

Automotive: -40°C to +125°C 

DESCRIPTION 

The Microchip Technology Inc. 27C512A is a CMOS 
512K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized into 64K words by 
8 bits (64K bytes). Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 70 ns. This 
very high speed device allows the most sophisticated 
microprocessors to run at full speed without the need 
for WAIT states. CMOS design and processing 
enables this part to be used in systems where reduced 
power consumption and high reliability are require
ments. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC or SOIC packaging is available. Tape or 
reel packaging is also available for PLCC or SOIC 
packages. UV erasable versions are also available. 

© 1995 Microchip Technology Inc. 

PACKAGE TYPE 

TSOP 

OENPP 1, 28 A10 
A11 2 27 CE 
A93 2607 
M4 ~00 

;~ ,: i~--2-7_C_5_1_2_A __ ~! U: ~ 
A611 / 1800 
AS 12 / 17 AO 
A4 13 / , 16 A1 
A314: \15A2 

PLCC/LCC 

DIP/SOIC 

VSOP 

OEN PP 22 
A11 23 

A9 24 
AB 2S 

A13 26 
A14 27 
Vco 2B 
A1S 1 
A12 
A7 
A6 
AS 
A4 
A3 

A1S 2B 
A12 27 

A7 26 

AS 2S 
AS < A4 IN 
A3 ... 22 Lt> 
A2 (.) 21 

A1 ..... 20 IN 
AO 19 
00 11 1B 

01 12 17 

02 16 
v,, 14 1S 

AB 
A9 
A11 
NC 
OEN PP 

A10 
CE 
07 
06 

Vco 
A14 

A13 

AB 

A9 

A11 

DEN PP 

A10 

C"E 
07 

06 

OS 

04 

03 

L::J 
21 A10 
20 i5E 
19 07 
1B 06 
17 OS 
16 04 
1S 03 
14 v,, 
13 02 
12 01 
11 00 
10 AO 
9 A1 
B A2 
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27C512A 

1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1 Maximum Ratings* 

Vee and input voltages w.r.t. Vss ........ -0.6V to +7.25V 

VPP voltage w.r.t. Vss during 
programming ......................................... ·0.6V to +14V 

Voltage on A9 w.r.t. Vss ...................... ·0.6V to +13.5V 

Output voltage w.r.t. Vss ............... -0.6V to Vee+ 1.0V 

Storage temperature .......................... -ss·c to + 150'C 

Ambient temp. with power applied ..... -65'C to +125'C 

'Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

Name 

AO·A15 

CE 

OENPP 

00-07 

Vee 

Vss 

NC 

NU 

TABLE 1-2: READ OPERATION DC CHARACTERISTICS 

Vee= +5V ±10% 
Commercial: 
Industrial: 

Function 

Address Inputs 

Chip Enable 

Output Enable/Programming Voltage 

Data Output 

+5V Power Supply 

Ground 

No Connection; No Internal Connec-
lion 

Not Used; No External Connection is 
Allowed 

Tamb= O'Cto +70'C 
Tamb = -40'C to +85'C 

Extended {Automotive): Tamb = -40'C to +125'C 

Parameter Part• Status Symbol Min Max Units Conditions 

Input Voltages all Logic "1" VIH 2.0 Vcc+1 v 
Logic "O" VIL -0.5 0.8 v 

Input Leakage all lu -10 10 µA VIN= Oto Vee 

Output Voltages all Logic "1" VOH 2.4 v IOH = -400 µA 
Logic "O" VOL 0.45 v IOL=2.1 mA 

Output Leakage all - ILO -10 10 µA VOUT = ov to Vee 

Input Capacitance all - CIN - 6 pF VIN = OV; Tamb = 25°C; 
I= 1 MHz 

Output Capacitance all - COUT - 12 pF VOUT = OV; Tamb = 25°C; 
I= 1 MHz 

Power Supply Current, c TTL input Ice - 25 mA Vee= 5.5V 
Active I, E TTL input Ice - 35 mA f = 1 MHz; 

OE:fVpp = CE = VIL; 
IOUT=OmA; 
VIL= -0.1to0.8V; 
VIH = 2.0 to Vee; 
Note 1 

Power Supply Current, c TTL input lcc(s)TLL 1 - mA 
Standby I, E TTL input ICC(S)TLL 2 - mA 

all CMOS input ICC(S)CMOS 30 - µA CE= Vcc±0.2V 

• Parts: C=Commercial Temperature Range; I, E=lndustrial and Extended Temperature Ranges 
Note 1: Typical active current increases .75 mA per MHz up to operating frequency for all temperature ranges. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V and VIL= .45V; VOH = 2.0V and VOL= 0.8V 
Output Load: 1 TTL Load+ 100 pF 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb= o·c to +7o·c 

Industrial: Tamb = -40'C to +85°C 
Extended (Automotive): Tamb = -40'C to +125'C 

1sym 27C512-70* 27C512-90* 21cs12-10· 27C512-12 27C512-15 

"";"I Co"""'°~ Parameter 

I Min Max Min Max Min Max Min Max Min Max 

Address to Output IACC - 70 - 90 - 100 -
Delay 

CE to Output Delay ICE - 70 - 90 - 100 -

OE to Output Delay !OE - 30 - 40 - 40 -

OE to Output High !OFF 0 30 0 35 0 35 0 
Impedance 

Output Hold from IOH 0 0 0 - 0 - 0 
Address, CE or OE/ 
VPP, whichever l occurred first 

*70/90/10 AC Testing Waveforms: VIH = 3.0V and VIL= OV; VoH = 1.5V and VoL = 1.5V 
Output Load: 1 TTL Load + 30 pF 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
-tCE(2) 

VIH 
OE 

VIL 

Outputs 
VoH 

HighZ 
00-07 

VOL 

----- IACC ___ _, 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 

120 - 150 

120 - 150 

50 - 60 

40 0 45 

- 0 -

Valid Output 

(2) OE may be delayed up to ICE - IOE after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested. 
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ns CE= OE/ 
VPP =VIL 

ns OE/VPP = 
VIL 

ns CE= VIL 

ns 

ns 

HighZ 
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TABLE 1-4: PROGRAMMING DC CHARACTERISTICS 

Ambient Temperature: Tamb = 25°C ± 5°C 
Vee= 6.5V ± 0.25V, OENPP = VH = 13.0V ± 0.25V 

Parameter Status 1 Symbol Min. Max. Units Conditions (See Note 1) 

Input Voltages Logic "1" VIH 2.0 Vcc+1 v 
Logic "O" VIL -0.1 0.8 v 

Input Leakage - ILi -10 10 µA VIN = ov to Vee 

Output Voltages Logic "1" VoH 2.4 v IOH = -400µA 
Logic "O" VOL - 0.45 v IOL= 2.1 mA 

Vee Current, program & verify - ICC2 - 35 mA C°E=VIL 

OE/Vpp Current, program - IPP2 - 25 mA 

A9 Product Identification - VID 11.5 12.5 v 
Note 1: Vee must be applied simultaneously or before VPP voltage on OEJVpp and removed simultaneously or after 

the VPP voltage on OE!VPP. 

TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 

for Program, Program Verify AC Testing Waveform: VIH=2.4V and VtL=0.45V; VOH=2.0V; VOL=O.BV 
and Program Inhibit Modes Ambient Temperature: 25°C±5°C 

Vee= 6.5V ±0.25V, OE/VPP = VH = 13.0V ± 0.25 v 
Parameter Symbol Min. Max. Units Remarks 

Address Set-Up Time !AS 2 - µs 

Data Set-Up Time IDS 2 - µs 

Data Hold Time !DH 2 - µs 

Address Hold Time IAH 0 - µs 

Float Delay (2) IDF 0 130 ns 

Vee Set-Up Time tvcs 2 - µs 

Program Pulse Width (1) IPW 95 105 µs 100 µs typical 

CE Set-Up Time ICES 2 - µs 

OE Set-Up Time IOES 2 - µs 

OE Hold Time IOEH 2 - µs 

OE Recovery Time !OR 2 - µs 

OE NPP Rise Time During Programming IPRT 50 - ns 

Note 1: For express algorithm, initial programming width tolerance is 100 µs ±5%. 
Note 2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 

longer driven (see timing diagram). 
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FIGURE 1-2: PROGRAMMING WAVEFORMS (1) 

VIH 

Address VIL 

VIH 

Data VIL 

6.5 v (3) 

Vee 5.0V 

VIH 

CE VIL 

13.0 v (3) 
OEIVPP 

VIL 

ICES 

Program 

Address Stable 

tAS 

Data In Stable 

IDS IDH 

tvcs IPW 

IOES tOEH 

27C512A 

Verify 

ICE 
(2) 

!OR 

Notes: (1) The input timing reference level is O.BV for VIL and 2.0V for VIH. 
(2) IDF and !OE are characteristics of the device but must be accommodated by the programmer. 
(3) Vee= 6.5V ±0.25V, VPP = VH = 13.0V ±0.5V for express programming algorithm. 

TABLE 1-6: MODES 

Operation Mode CE 

Read VIL 

Program VIL 

Program Verify VIL 

Program Inhibit VIH 

Standby VIH 

Output Disable VIL 

Identity VIL 

X = Don't Care 

1.2 &tad Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OE/VPP pin is low to gate the data to the 
output pins 

© 1995 Microchip Technology Inc. 

OEN PP 

VIL 

VH 

VIL 

VH 

x 
VIH 

VIL 

A9 00-07 

x DOUT 

x DIN 

x DOUT 

x High Z 

x High Z 

x HighZ 

VH Identity Code 

For Read operations, if the addresses are stable, the 
address access time (!Ace) is equal to the delay from 
CE to output (tcE). Data is transferred to the output 
after a delay (!OE) from the falling edge of OE/VPP. 
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1.3 Standby Mode 

The standby mode is entered when the CE pin is high, 
and the program mode is not identified. 

When this conditions are met, the supply current will 
drop from 25 mA to 30 µA. 

1.4 Output Enable OE/VPP 

This multifunction pin eliminates bus connection in mul
tiple bus microprocessor systems and the outputs go to 
high impedance when: 

• the OE/VPP pin is high (VIH). 

When a VH input is applied to this pin, it supplies the 
programming voltage (VPP) to the device. 

1.5 Erase Mode <UV Windowed Versions> 

Windowed products offer the ability to erase the mem
ory array. The memory matrix is erased to the all "1 's" 
state as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/ 
cm2 is required. This means that the device window 
must be placed within one inch and directly underneath 
an ultraviolet lamp with a wavelength of 2537 Ang
stroms, intensity of 12,000 mW/cm2 for approximately 
40 minutes. 

1.6 Programming Mode 

The Express algorithm must be used for best results. It 
has been developed to improve programming yields 
and throughput times in a production environment. Up 
to 10100-microsecond pulses are applied until the byte 
is verified. A flowchart of the Express algorithm is 
shown in Figure 1-3. 

Programming takes place when: 

a) Vee is brought to the proper voltage, 

b) OEIVPP is brought to the proper VH level, and 

c) CE line is low. 
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Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO -A 15 and the data to be programmed is pre
sented to pins 00 - 07. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 

1.7 

After the array has been programmed it must be veri
fied to ensure all the bits have been correctly pro
grammed. This mode is entered when all the following 
conditions are met: 

a) Vee is at the proper level, 

b) the OEIVPP pin is low, and 

c) the CE line is low. 

1.8 Inhibit 

When programming multiple devices in parallel with dif
ferent data, only CE needs to be under separate control 
to each device. By pulsing the CE line low on a partic
ular device, that device will be programmed; all other 
devices with CE held high will not be programmed with 
the data (although address and data will be available 
on their input pins). 

1.9 Identity Mode 

In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and the 
device type. This mode is entered when Pin A9 is 
taken to VH (11.5V to 12.5V). The CE and OENPP 
lines must be at VIL. AO is used to access any of the 
two non-erasable bytes whose data appears on 00 
through 07. 

Pin -- Input Output 

Identity AO 0 0 0 0 0 0 0 0 H 

t 7 6 5 4 3 2 1 0 e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 1 0 0 0 1 1 0 0 OD 

* Code subject to change 

© 1995 Microchip Technology Inc. 
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FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T amb = 25"C ±5°C 
Vee = 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1995 Microchip Technology Inc. 

ADDR = First Location 
Vee= 6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
Increment X 

Verify Pass 
B~e >------~ 

No 

Last Yes 
Address? .>------, 

No 

Increment Address 

Vee = VPP = 4.5V, 5.5V 

All 
Device Yes b~es No 
Passed = original 

data? 

Device 
Failed 
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27C512A Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

27C512A - 70 I IP 
Package: J 

Temperature 

K 
L 
p 

so 
TS 
vs 

Range: I 
E 

CERDIP 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package(TSOP) Sx20mm 
Very Small Outline Package(VSOP) 8x13.4mm 

O'Cto+70'C 
-40'C to +85'C 
-40'C to +125'C 

..._ __ --l Access 70 70 ns 
90 ns Time: 90 

10 100 ns 
12 120 ns 
15 150 ns 

'---------1 Device: 27C512A 512K (64K x 8) CMOS EPROM 

DS11173C-page 7-64 © 1995 Microchip Technology Inc. 



MICROCHIP 27LV512 
512K (64K x 8) Low-Voltage CMOS EPROM 

FEATURES 

• Wide voltage range 3.0V to 5.5V 

• High speed performance 

- 200 ns access time available at 3.0V 

• CMOS Technology for low power consumption 

12 mAActive current at 3.0V 

35 mA Active current at 5.5V 

100 µA Standby current 

• Factory programming available 

• Auto-insertion-compatible plastic packages 

• Auto ID™ aids automated programming 

• Separate chip enable and output enable controls 

• High speed "Express" programming algorithm 

• Organized 64K x 8: JEDEC standard pinouts 

28-pin Dual-in-line package 

32-pin PLCC package 

28-pin SOIC package 

28-pin TSOP package 

28-pin VSOP package 

Tape and reel 

• Available for the following temperature ranges 

Commercial: 

- Industrial: 

DESCRIPTION 

0°C to +70°C 

-40°C to +85°C 

The Microchip Technology Inc. 27LV512 is a low-volt
age (3.0 volt) CMOS EPROM designed for battery 
powered applications. The device is organized as a 
64K x 8 (64K-Byte) non-volatile memory product. The 
27LV512 consumes only 12 mA maximum of active 
current during a 3.0 volt read operation therefore 
improving battery performance. This device is 
designed for very low-voltage applications where con
ventional 5.0 volt only EPROMs can not be used. 
Accessing individual bytes from an address transition 
or from power-up (chip enable pin going low) is accom
plished in less than 200 ns at 3.0 volts. This device 
allows systems designers the ability to use low voltage 
non-volatile memory with today's low-voltage micropro
cessors and peripherals in battery powered applica
tions. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC, SOIC or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. 

© 1994 Microchip Technology Inc. 

PACKAGE TYPE 

I TSOP 

OEN PP 1 
A11 2 \ 

A9 3 
AB 

A13 

] A14 6 
Voo 7 

A15 B 
A12 9 
A7 10 
AS 11 
A5 12 
A4 13 
A3 14' 

PLCC/LCC 

DIP/SOIC 

VSOP 

OOVPP 22 
A11 23 

A9 24 
AB 25 

A13 26 

A14 27 

vee 28 
A15 1 

A12 
A7 
A6 

AS 
A4 
A3 

A15 

A7 

A3 

A2 

A1 

AO 10 

00 11 

01 12 

02 13 

Vss 14 

27LV512 

2B 

27 

26 

25 

24 
N 23 .... 
in 22 

:'.:i 21 
r-- 20 N 

19 

18 

17 

16 

15 

27LV512 

28 A10 
27 CE 
26 07 
25 06 

! 
24 05 
23 04 

______ 22 03 

------
21 y,, 
20 02 
19 01 
18 00 
17 AO 
16 A1 

. 15 A2 

Vee 

A14 

A13 

AB 

A9 

A11 

OE/VPP 

A10 

CE 
07 

06 
05 

04 

03 

21 A10 

20 CE 
19 07 
18 06 
17 05 
16 04 
15 03 
14 vss 
13 02 
12 01 
11 00 
10 AO 

A1 
A2 
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1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings• 

Vee and input voltages w.r.t. Vss ........ -0.GV to +7.25V 

VPP voltage w.r.t. Vss during 
programming ...................................... -0.6V to + 14.0V 

Voltage on A9 w.r.t. Vss ...................... ·0.6V to +13.5V 

Output voltage w.r.t. Vss ............... -0.6V to Vee + 1.0V 

Storage temperature .......................... -65'C to + 150'C 

Ambient temp. with power applied ..... -65'C to + 125'C 

•Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

AO-A15 

CE 

OEIVPP 

00·07 

Vee 

Vss 

NC 

NU 

PIN FUNCTION TABLE 

Function 

Address Inputs 

Chip Enable 

Output Enable/Programming Voltage 

Data Output 

+3.0V To +5.5V Power Supply 

Ground 

No Connection; 
No Internal Connection 

Not Used; No External 
Connection Is Allowed 

TABLE 1-2: READ OPERATION DC CHARACTERISTICS 

Vee = 3.0V to 5.5V unless otherwise specified 
Commercial: Tamb= o·c to +1o·c 
Industrial: Tamb = -40'C to +85'C 

Parameter Part• Status Symbol Min. Max. Units Conditions 

Input Voltages all Logic "1" VIH 2.0 Vee+1 v 
Logic "O" VIL -0.5 0.8 v 

Input Leakage all lu -10 10 µA VIN =Oto Vee 

Output Voltages all Logic "1" VOH 2.4 v IOH = ·400 µA 
Logic "O" VOL 0.45 v IOL=2.1 mA 

Output Leakage all - ILO -10 10 µA VOUT = ov to Vee 

Input Capacitance all - CIN - 6 pF VIN = OV; Tamb = 25°C; 
f = 1 MHz 

Output Capacitance all - COUT - 12 pF VOUT = OV; Tamb = 25°C; 
f = 1 MHz 

Power Supply Current, c TTL input lee1 - 35@5.0V mA Vee=5.5V 
Active I 12@3.0V mA f= 1 MHz; 

TTL input le02 - 45@5.0V mA OEIVPP = CE = VIL; 
12@3.0V mA IOUT=OmA; 

VIL= -0.1 to O.BV; 
VIH = 2.0 to Vee; 
Note 1 

Power Supply Current, c TTL input lee(s)TLL - 1@3.0V mA 
Standby I TTL input lee(s)TLL - 2@3.0V mA 

all CMOS input lee(s)eMOS - 100@3.0V µA CE= Vee± 0.2V 

•Parts: C=Commercial Temperature Range; l=lndustrial Temperature Range 

Note 1: Typical active current increases .75 mA per MHz up to operating frequency for all temperature ranges. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 

AC Testing Waveform: VIH = 2.4V and VIL= 0.45V; VoH = 2.0V and VOL= 0.8V 
Output Load: 1 TTL Load+ 100 pF 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb= 0°Cto +70°C 

Industrial: Tamb = -40°C to +85°C 

27LV512-20 27LV512-25 27LV512-30 
Parameter Sym Units Conditions 

Min Max Min Max Min Max 

Address !0 Output Delay !.A.CC - 200 - 250 - 300 n~ 

CE to Output Delay ICE - 200 - 250 - 300 ns 

M to Output Delay !OE - 90 - 100 - 125 ns 

CE or OE to O/P High IOFF 0 50 0 50 0 50 ns 
Impedance 

Output Hold from Address !OH 0 - 0 - 0 - ns 
CE" or M, whichever goes 
first 

FIGURE 1-1: READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
~tCE(2)----I..--

VIH 

OEIVPP 
VIL 

Outputs 
VOH Hi h Z 

00-07 
VOL 

Valid Output 

Notes: (1) !OFF is specified for OEIVPP or CE, whichever occurs first 
(2) OE may be delayed up to ICE -!OE after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested. 

© 1994 Microchip Technology Inc. 

CE=OE=V:~ 

M=VIL 

IT= VIL 
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TABLE 1-4: PROGRAMMING DC CHARACTERISTICS 

Ambient Temperature: Tamb = 25°C ± 5°C 
Vee= 6.5V ± 0.25V, OEJVpp = VH = 13.0V ± 0.25V 

Parameter Status Symbol Min. Max. Units Conditions (See Note 1) 

Input Voltages Logic "1" VIH 2.0 Vee+1 v 
Logic ·o· VIL -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN = ov to Vee 

Output Voltages Logic "1" VOH 2.4 v IOH= -400µA 
Logic "O" VOL - 0.45 v IOL= 2.1 mA 

Vee Current, program & verify - leC2 - 35 mA 

OE/Vpp Current, program - IPP2 - 25 mA CE=VIL 

A9 Product Identification - VID 11.5 12.5 v 
Note 1: Vee must be applied simultaneously or before VPP voltage on OEJVpp and removed simultaneously or after 

the VPP voltage on OE'!VPP. 

TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 

for Program, Program Verify AC Testing Waveform: VIH=2.4V and VIL=0.45V; VOH=2.0V; VOL=0.8V 
and Program Inhibit Modes Ambient Temperature: Tamb=25°C ± 5°C 

Vee= 6.5V ± 0.25V, OE/Vpp = VH = 13.0V ± 0.25 v 
Parameter Symbol; Min. Max. Units Remarks 

Address Set-Up Time !AS 2 - µs 

Data Set-Up Time IDS 2 - µs 

Data Hold Time !DH 2 - µs 

Address Hold Time !AH 0 - µs 

Float Delay (2) IDF 0 130 ns 

Vee Set-Up Time tves 2 - µs 

Program Pulse Width (1) !PW 95 105 µs 100 µs typical 

CE Set-Up Time teES 2 - µs 

OE Set~Up Time tOES 2 - µs 

OE Hold Time !OEH 2 - µs 

OE Recovery Time !OR 2 - µs 

OE/Vpp Rise Time During Programming IPRT 50 - ns 

Note 1: For express algorithm, initial programming width tolerance is 100 µs ±5%. 
Note 2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 

longer driven (see timing diagram). 
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FIGURE 1-2: PROGRAMMING WAVEFORMS 

VIH 
Address 

V1. 

VIH 
Data 

VIL 

r-IDH 
6.SV (3) 

:s= Vee 
ICE 

5.0V 
(2) 

VIH 
CE 

Vi. !OEH__.. 

!OR_.,.. 
13.0V (3) 

__ __;-OEN PP 
VL 

Notes: (1) The input timing reference level is O.BV for VL and 2.0V for V1H. 
(2) tDF and toE are characteristics of the device but must be accommodated by the programmer. 
(3) Vee= 6.5V ±0.25V, VPP = VH = 13.0V ±0.25V for express programming algorithm. 

TABLE 1-6: MODES 

Operation Mode CE OENPP 

Read VIL 

Program VIL 

Program Verify VIL 

Program Inhibit VIH 

Standby VIH 

Output Disable VIL 

Identity VIL 

X = Don't Care 

1.2 Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OE/VPP pin is low to gate the data to the 
output pins. 

For Read operations, if the addresses are stable, the 
address access time (!Ace) is equal to the delay from 
CE to output (ICE). Data is transferred to the output 
after a delay (!OE) from the falling edge of OENPP. 

© 1994 Microchip Technology Inc. 

VIL 

VH 

VIL 

VH 

x 
VIH 

VIL 

A9 00-07 

x DOUT 

x DIN 

x DOUT 

x High Z 

x High Z 

x High Z 

VH Identity Code 
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1.3 Standby Mode 

The standby mode is defined when the CE pin is high 
and a program mode is not identified. 

1.4 Output Enable OEIVPP 

This multifunction pin eliminates bus connection in 
microprocessor based systems in which multiple 
devices may drive the bus. The outputs go into a high 
impedance state when: 

• the OEIVPP pin is high (VIH). 

When a VH input is applied to this pin, it supplies the 
programming voltage (VPP) to the device. 

1.5 Programming Mode 

The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. A flowchart of the 
Express algorithm is shown in Figure 1-3. 

Programming takes place when: 

a) Vee is brought to the proper voltage, 
b) OEIVPP is brought to the proper VH level, and 

c) CE line is low. 

Since the erased state is "1" in the array, programming 
of ''O" is required. The address to be programmed is set 
via pins AO -A 15 and the data to be programmed is pre
sented to pins 00 - 07. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 
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1.6 

After the array has been programmed it must be veri
fied to ensure all the bits have been correctly pro-
9rammed. This mode is entered when all the following 
conditions are met: 

a) Vee is at the proper level, 

b) the OE!VPP pin is low, and 

c) the CE line is low. 

1.7 Inhibit 

When programming multiple devices in parallel with dif
ferent data, only CE needs to be under separate control 
to each device. By pulsing the CE line low on a partic
ular device, that device will be programmed; all other 
devices with CE held high will not be programmed with 
the data (although address and data will be available 
on their input pins). 

1.8 Identity Mode 

In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and the 
device type. This mode is entered when Pin A9 is 
taken to VH (11.SV to 12.SV). The CE and OEIVPP 
lines must be at VIL. AO is used to access any of the 
two non-erasable bytes whose data appears on 00 
through 07. 

Pin --t Input Output 

Identity 0 0 0 0 0 0 0 0 H 

..i. AO 
7 6 5 4 3 2 1 0 

e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 0 0 0 0 1 1 0 1 OD 

• Code subject to change 

® 1994 Microchip Technology Inc. 



FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T amb = 25°C ±5°C 
Vee= 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1994 Microchip Technology Inc. 

Device 
Passed 

ADDR = First Location 
Vee= 6.5V 
VPP = 13.0V 

Program one 100 µs pulse 
Increment X 

Verify Pass 

Byte 

Fail 

No 
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Last Yes 
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No 
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Vee= VPP = 4.5V, 5.5V 

All 
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data? 
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II 

Device 
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27LV512 Product Identification System 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

27LV512 - 25 I /P 

DS11021E-page 7-72 

Package: L Plastic Leaded Chip Carrier 
P Plastic DIP 

SO Plastic SOIC 
J Ceramic DIP 
K Ceramic Leaded Chip Carrier 

TS Thin Small Outline Package(TSOP) 8x20mm 
VS Very Small Outline Package(VSOP) 8x13.4mm 

Temperature O'C to +70'C 
Range: -40 ·c to +85 ·c 

Access 
Time: 

Device: 

20 200 ns 
25 250 ns 
30 300 ns 

27LV512 512K (64K x 8) Low-Voltage CMOS EPROM 

© 1994 Microchip Technology Inc. 



MICROCHIP 37LV36/65/128 
36K, 64K and 128K Serial EPROM Family 

FEATURES 

• Operationally equivalent to Xilinx® XC1700 family 

• Wide voltage range 3.0 V to 6.0 V 

• Maximum read current 10 mA at 5.0 V 

• Standby current 100 µA typical 

• Industry standard Synchronous Serial Interface/ 
1 bit per rising edge of clock 

• Full Static Operation 

• Sequential Read/Program 

• Cascadable Output Enable 
• 10 MHz Maximum Clock Rate @ 5.0 Vdc 

• Programmable Polarity on Hardware Reset 

• Programming with industry standard EPROM pro-
grammers 

• Electrostatic discharge protection > 4,000 volts 

• 8-pin PDIP/SOIC and 20-pin PLCC packages 

• Temperature ranges: 

- Commercial: 0°C to +70°C 

- Industrial: -40°C to +85°C 

DESCRIPTION 

The Microchip Technology Inc. 37LV36/65/128 is a 
family of Serial OTP EPROM devices organized inter
nally in a x32 configuration. The family also features a 
cascadable option for increased memory storage 
where needed. The 37LV36/65/128 is suitable for 
many applications in which look-up table information 
storage is desirable and provides full static operation in 
the 3.0V to 6.0V Vee range. The devices also support 
the industry standard serial interface to the popular 
RAM-based Field Programmable Gate Arrays (FPGA). 
Advanced CMOS technology makes this an ideal boot
strap solution for today's high speed SRAM-based 
FPGAs. The 37LV36/65/128 family is available in the 
standard 8-pin plastic DIP, 8-pin SOIC and 20-pin 
PLCC packages. 

Device Bits Programming Word 

37LV36 36,288 1134 x 32 

37LV65 65,536 2048 x 32 

37LV128 131,072 4096 x 32 

Xilinx is a registered trademark of Xilinx Corporation. 

© 1995 Microchip Technology Inc. 

I 
PACKAGE TYPE 

PDIP 
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37L V36/65/128 

1.0 ELECTRICAL CHARACTERISTICS 

1.1 Maximum Ratings* 

Vee and input voltages w.r.t. Vss .......... -0.6V to +0.6V 

VPP voltage w.r.t. Vss during 
programming ...................................... -0.6V to + 14.0V 

Output Voltage w.r.t. Vss ............... -0.6V to Vee +0.6V 

Storage temperature .......................... -65'C to + 150'C 

Ambient temp. with power applied ..... -65'C to+ 125'C 

Soldering temperature of leads (1 O sec.) ......... +300°C 

ESD protection on all pins ...................................... ~ 4 kV 

•Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress rat
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con
ditions for extended periods may affect device reliability. 

TABLE 1-1: 

Name 

DATA 

CLK 

RESET/OE 

CE 

Vss 

CEO 

VPP 

Vee 

Not Labeled 

PIN FUNCTION TABLE 

Function 

Data 110 

Clock Input 

Reset Input and Output 
Enable 

Chip Enable Input 

Ground 

Chip Enable Output 

Programming Voltage Supply 

+3.0V to 6.0V Power Supply 

Not utilized, not connected 

TABLE 1-2: READ OPERATION DC CHARACTERISTICS 

Vee= +3.0 to 6.0V 
Commercial (C): Tamb= o·c to +1o·c 
Industrial (1): Tamb = -40'C to +85'C 

Parameter Symbol Min. Max. Units Conditions 

DATA, CE, CEO and Reset pins: 
High level input voltage VIH 2.0 Vee v 
Low level input voltage VIL -0.3 0.8 v 
High level output voltage VOH1 3.86 v IOH = -4 mA Vee ~ 4.5V 

VOH2 2.4 IOH = -4 mA Vee~ 3.0V 
Low level output voltage VOL - .32 v IOL=4.0mA 

Input Leakage lu -10 10 µA VIN= .1V to Vee 

Output Leakage (LO -10 10 µA VOUT = .1V to Vee 

Input Capacitance CINT - 6 pF Vee= 5.0V (Note 1) 
(all inputs/outputs) Tamb = 25°C; FCLK = 1 MHz 

Operating Current Ice Read - 10 mA Vee= 6.0V, CLK = 10 MHz 
- 2 mA Vee = 3.6V, CLK = 2.5 MHz 

Outputs open 

Standby Current Ices - 100 µA Vee = 6.0V, CE = 5.8V 
50 µA Vee= 3.6V, CE= 3.4V 

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

8 20 

1 2 

2 4 

3 6 

4 8 

5 10 

6 14 

7 17 

8 20 
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2.0 DATA 

2.1 Data 1/0 

Three-state DATA output for reading and input during 
programming. 

3.0 CLK 

3.1 Clock Input 

Used to increment the internal address and bit 
counters for reading and proQramming. 

4.0 RESET/OE 

4.1 Reset Input and Output Enable 

A LOW level on both the CE and RESET/OE inputs 
enables the data output driver. A HIGH level on 
RESET/OE resets both the address and bit counters. 
In the 37LVXXX, the logic polarity of this input is pro
grammable as either RESET/OE or OE/RESET. This 
document describes the pin as RESET/OE although 
the opposite polarity is also possible. This option is 
defined and set at device program time. 

5.0 CE 

5.1 Chip Enable Input 

CE is used for device selection. A LOW level on both 
CE and OE enables the data output driver. A HIGH 
level on CE disables both the address and bit counters 
and forces the device into a low power mode. 

6.0 CEO 

6.1 Chip Enable Output 

This signal is asserted LOW on the clock cycle follow
ing the last bit read from the memory. It will stay LOW 
as long as CE and OE are both LOW. It will then follow 
CE until OE goes HIGH. Thereafter, CEO will stay 
HIGH until the entire EPROM is read again. This pin 
also used to sense the status of RESET polarity when 
Programming Mode is entered. 

7.0 VPP 

7 .1 Programming Voltage Supply 

Used to enter programming mode (+13 volts) and to 
program the memory (+13 volts). Must be connected 
directly to Vee for normal Read operation. No over
shoot above +14 volts is permitted. 

© 1995 Microchip Technology Inc. 
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8.0 CASCADING SERIAL EPROMS 
Cascading Serial EPROMs provide additional memory 
for multiple FPGAs configured as a daisy-chain, or for 
future applications requiring larger configuration mem
ories. 

When the last bit from the first Serial EPROM is read, 
the next clock signal to the Serial EPROM asserts its 
CEO output LOW and disables its DATA line. The sec
ond Serial EPROM recognizes the LOW level on its CE 
input and enables its DATA output. 

\/Vher! co!'lfigurat!o!"'! !s complete, the address cou~ters 
of all cascaded Serial EPROMs are reset if RESET 
goes LOW forcing the RESET/OE on each Serial 
EPROM to go HIGH. If the address counters are not to 
be reset upon completion, then the RESET/OE inputs 
can be tied to ground. 

Additional logic may be required if cascaded memories 
are so large that the rippled chip enable is not fast 
enough to activate successive Serial EPROMs. 

9.0 STANDBY MODE 
The 37LVXXX enters a low-power Standby Mode 
whenever CE is HIGH. In Standby Mode, the Serial 
EPROM consumes less than 100 µA of current. The 
output will remain in a high-impedance state regardless 
of the state of the OE input. 

10.0 PROGRAMMING MODE 
Programming Mode is entered by holding VPP HIGH 
(+ 13 volts) for two clock edges and then holding VPP = 
VDD for one clock edge. Programming mode is exited 
by driving a LOW on both CE and OE and then remov
ing power from the device. Figures 4 through 7 show 
the programming algorithm. 

11.0 37LVXXX RESET POLARITY 
The 37LVXXX lets the user choose the reset polarity as 
either RESET/OE or OE/RESET. Any third-party com
mercial programmer should prompt the user for the 
desired reset polarity. 

The programming of the overflow word should be han
dled transparently by the EPROM programmer; it is 
mentioned here as supplemental information only. 

The polarity is programmed into the first overflow word 
location, maximum address+ 1. 00000000 in these 
locations makes the reset active LOW, FFFFFFFF in 
these locations makes the reset active HIGH. The 
default condition is RESET active HIGH. 
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FIGURE 11-1: READ CHARACTERISTICS TIMING 

TABLE 11-1: READ CHARACTERISTICS 

AC Testing Waveform: VIL= 0.2V; VIH = 2.8V 
AC Test Load: 50 pF 
VOL= VOL_MAX; VOH = VoH_MIN 

Limits 3.0V ::; Limits 4.5V ::; 

Symbol Parameter 
Vee::; 6.0V Vee::; 6.0V 

Units Conditions 

Min. Max. Min. Max. 

TOE OE to Data Delay - 45 - 45 ns 

TCE CE to Data Delay - 60 - 50 ns 

TCAC CLK to Data Delay - 200 - 60 ns 

TOH Data Hold from CE, OE or CLK 0 - 0 - ns 

TDF CE or OE to Data Float Delay - 50 - 50 ns Notes 1, 2 

TLC CLK Low Time 100 - 25 - ns 

THC CLK High Time 100 - 25 - ns 

TscE CE Set up Time to CLK 40 - 25 - ns Note 1 
(to guarantee proper counting) 

TSCED CE setup time to CLK 100 - 80 - ns 
(to guarantee proper DATA read) 

THCE CE Hold Time to CLK 0 - 0 - ns Note 1 
(to guarantee proper counting) 

THCED CE hold time to CLK 50 - 0 - ns 
(to guarantee proper DATA read) 

THCE OE HighTime 100 20 - ns 
(Guarantees counters are Reset) 

CLKmax Clock Frequency - 2.5 - 10 MHz 

Note 1: This parameter is periodically sampled and not 100% tested. 
Note 2: Float delays are measured with output pulled through 1 kQ to VLOAD = Vcc/2. 
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FIGURE 11-2: READ CHARACTERISTICS AT END OF ARRAY TIMING 

RESET/OE --------------'I 

CE --------~ 

TABLE 11-2: READ CHARACTERISTICS AT END OF ARRAY 

AC Testing Waveform: VIL= 0.2V; VIH = 2.8V 
AC Test Load: 50 pF 
VOL= VOL_MAX; VOH = VOH_MIN 

Limits 3.0V sVee $ Limits 4.5V $Vee s 

Symbol Parameter 6.0V 6.0V 
Units Conditions 

Min. Max. Min. Max. 

TCDF CLK to Data Float Delay - 50 - 50 ns Notes 1, 2 

TOCK CLK to CEO Delay - 65 - 40 ns 

TOCE CE to CEO Delay - 45 - 40 ns 

TOOE RESET/OE to CEO Delay - 45 - 40 ns 

Note 1: This parameter is periodically sampled and not 100% tested. • Note 2: Float delays are measured with output pulled through 1 kQ to VLOAD = Vcc/2. 
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TABLE 11-3: PIN ASSIGNMENTS IN THE PROGRAMMING MODE 

DIP/SOIC PLCCPin Name 1/0 Description Pin 

1 2 DATA 1/0 The rising edge of the clock shifts a data word in or out of the 
EPROM one bit at a time. 

2 4 CLK I Clock Input. Used to increment the internal address/word 
counter for reading and programming operation. 

3 6 RESET/OE' I The rising edge of CLK shifts a data word into the EPROM 
when CE and OE are HIGH; it shifts a data word out of the 
EPROM when CE is LOW andOE is HIGH. The address/ 
word counter is incremented on the rising edge of CLK while 
CE is held HIGH and OE is held LOW. 

Note 1: Any modified polarity of the RESET/OE pin is 
ignored in the programming mode. 

4 8 CE I The rising edge of CLK shifts a data word into the EPROM 
when CE and OE are HIGH; it shifts a data word out of the 
EPROM when CE is LOW and OE is HIGH. The address/ 
word counter is incremented on the rising edge of CLK while 
CE is held HIGH and OE is held LOW. 

5 10 Vss Ground pin. 

6 14 CEO 0 The polarity of the RESET/OE pin can be read by sensing the 
CEO pin. 

Note 1: The polarity of the RESET/OE pin is ignored while in 
the Programming Mode. In final verification, this pin 
must be monitored to go LOW one clock cycle after 
the last data bit has beeri read. 

7 17 VPP Programming Voltage Supply. Programming Mode is entered 
by holding CE and OE HIGH and VPP at VPP1 for two rising 
clock edges and then lowering VPP to VPP2 for one more ris-
ing clock edge. A word is programmed by strobing the device 
with VPP for the duration TPGM. VPP must be tied to Vee for 
normal read operation. 

8 20 Vee +5 V power supply input. 
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TABLE 11-4: DC PROGRAMMING SPECIFICATIONS 

Limits 
Symbol Parameter Ambient Temperature: Tamb = 25°C ±5°C Units 

Min. Max. 

Veep Supply voltage during programming 5.0 6.0 v 
VIL Low-level input voltage 0.0 0.5 v 
VIH High-level input voltage 2.4 Vee v 
Vn1 I ow-level output voltage - 0.4 v 
VOH High-level output voltage 3.7 - v 
VPP1 Programming voltage* 12.5 13.5 v 
VPP2 Programming Mode access voltage Veep VeeP+1 v 
IPPP Supply current in Programming Mode - 100 mA 

IL Input or output leakage current -10 10 µA 

VeeL First pass Low-level supply voltage for final verification 2.8 3.0 v 
VeeH Second pass High-level supply voltage for final verification 7.0 7.2 v 

•No overshoot is permitted on this signal. VPP must not be allowed to exceed 14 volts. 

TABLE 11-5: AC PROGRAMMING SPECIFICATIONS (SEE NOTE 2) 

Limits 
Symbol Parameter Units Conditions 

Min. Max. 

TRPP 10% to 90% Rise Time of VPP 1 µs Note 1 

TFPP 90% to 1 0% Fall Time of VPP 1 µs Note 1 

TPGM VPP Programming Pulse Width .50 1.05 ms 

Tsve VPP Setup to CLK for Entering Programming Mode 100 ns Note 1 

TSVeE CE Setup to CLK for Entering Programming Mode 100 ns Note 1 

TSVOE OE Setup to CLK for Entering Programming Mode 100 ns Note 1 

THVe VPP Hold from CLK for Entering Programming Mode 300 ns Note 1 

TSDP Data Setup to CLK for Programming 50 ns 

THDP Data Hold from CLK for Programming 0 ns 

TLeE CE Low time to clear data latches 100 ns 

Tsee CE Setup to CLK for Programming/Verifying 100 ns 

Ts1e OE Setup to CLK for Incrementing Address Counter 100 ns 

TH le OE Hold from CLK for Incrementing Address Counter 0 ns 

THOV OE Hold from VPP 200 ns Note 1 

TPeAe CLK to Data Valid 400 ns 

TPOH Data Hold from CLK 0 ns 

TPeE CE Low to Data Valid 250 ns 

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

Note 2: While in Programming Mode, CE should only be changed while OE is HIGH and has been HIGH for 200 ns 
and OE should only be changed while CE is HIGH and has been HIGH for 200 ns. 
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FIGURE 11·3: ENTER AND EXIT PROGRAMMING MODES 

Enter Mode Exit Mode 

Vee _j VCCP 
Vl'P2 

VPP VR'~ 
Vct:P I I Vf!ll 

Voc~ 
I I Vf!ll 

+111111 14-
CLK CE -----~1~-_,:,__ __ Vf!ll 

DATA 
I 

RESET/OE ~ Vf!ll 
I 

CLK ~ Vf!ll 
RESET/OE 

FIGURE 11-4: PROGRAMMING CYCLE OVERVIEW (NO VERIFY UNTIL ENTIRE ARRAY IS 
PROGRAMMED.) 

Vee 

VPP 

CLK 

RESET/OE 

VCC=VCCP 

•• 32 Clocks 
~Low if RESET/OE configured 

""Load 
Words 

"Note: The CEO pin is high impedanoe when VPP = VPP1 

FIGURE 11-5: DETAILS OF PROGRAM CYCLE 

VPP 

CLK 

DATA 

RESET/OE 

1 Clear PROM , 
1 lnt~~ata ,.._ ____ _ 

Load PROM 
Internal 

Data Latches 

••• 

*Note: The programmer must float the data pin while 
CE is low to avoid bus contention 
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FIGURE 11-6: READ MANUFACTURER AND DEVICE ID OVERVIEW 

Vee =VCCP 

Vee -VPP1 

~~~VPP=~VP~~~~~~~~~ 
VPP~~~=: 

Programming 
Mode Clock past user memory array to ID location ( ~it~~~6~•:!i:~s~=ks) 

CLK L_J 111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111 1111111 11111111 
7 Clocks To 8 Clocks To 

Read Read Device ID 
Manufacturer ID 

RESET/OE~~--------------~ 
CEO "'-- High if RESET/OE configured 

Data x floats 

_..,,.. Low if RESET/OE configured 

LSB first 

29 Hex 37LV128 = 72 Hex 
37L V65 = 71 Hex 
37LV36 = 70 Hex 

FIGURE 11-7: DETAILS OF READ MANUFACTURER AND DEVICE ID 

I 

---------Microchip ID=29Hex----------,,.__ Device ID--~ 

I (j) ~ @ @) @ @ <lJ I (j) ~ 

CLK :-i ~n n_n_n_n__n_l:L__J--L__~· 
:TPC~ ~ !4-TPOH 1 

DATA I 0 0 I 

RESET/OE 
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FIGURE 11-8: 37LVXXX PROGRAMMING SPECIFICATIONS 

Increment Address 
Counter 

Yes 
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Start 

Device Power Off 
Device Power On 

Enter Programming Mode 

1. Vee= veep VPP = VPP2 CE=~= VIH 

2. VPP = VPP1 for 2 CLK Rising Edges 

3. VPP = VPP2 for 1 CLK Rising Edge 

No 

CE low to clear 
EPROM internal data 

latches 

Load 32-bit word to be 
programmed 

Pulse VPP to VPP1 
(13V) for Tpgm 

(500 µs) 

Exit Programming Mode 
Device Power Off 
Device Power On 

Yes 

·verify CEO has gone LOW 
one clock after last bit. 
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NOTES 

I 
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37LV36/65/128 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 

37LVXXX • X X X 

-~Package: 

Temperature 
Range: 

J Shipping: .____-11 

'-------1 Device: 

DS21109C-page 7-84 

P Plastic DIP, 8 lead 
SN Plastic SOIC (150 mil Body), 8 lead 

L Plastic Leaded Chip Carrier (PLCC), 20 lead 

Blank o·c to +1o·c 
-40 ·c to +85 ·c 

Blank Tube 
T Tape and Reel 

37LV128 128K Serial EPROM 
37LV65 64K Serial EPROM 
37LV36 36K Serial EPROM 
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MICROCHIP MEMORY PRODUCTS 
EPROM Programming Guide 

All Microchip EPROMs should be programmed using 
the Express algorithm (shown on reverse side). Other 
algorithms car; causG high programming fallout aoid 
even retention failures due to undue stress on the 
chips. This list will be updated as information becomes 

Manufacturer 

DATAl/O 

DATAJ/O 

DATAl/O 

DATAl/O 

DATA 1/0 

DATAJ/O 

DATAl/O 

STAG 

STAG 

ELAN 

ELAN 

EPRO 

LOGIC DEVICES 

LOGIC DEVICES 

LOGIC DEVICES 

LOGIC DEVICES 

LOGIC DEVICES 

BYTEK 

BP MICROSYSTEMS 

ADAPTERS 

PLCC-to-DIP 

Emulation Technology 
32-28-01-P600 

TSOP-to-DIP 

Model 

S1000 

29B 

288 

2900 

3900 

Autosite 

Unisite 

PP42 

PP39 

5000/932 
Turbo 

5000/932 

Model 124 

AllPro 88, 40 

GangPro 8+ 

GangPro S 

GangPro S, 

Husky 

Multitrk-4000 

1148,1200 

Emulation Technology 
AS-32-28-02TS-6ENP-GANG-S 

Emulation Technology 
Phone 408-982-0660, FAX 408-982-0664 

© 1995 Microchip Technology Inc. 

Software Rev 

24 or 25 

24 

1.0 

1.1, 1 .2, 1 . 7 

1.0, 1.4 

1.0, 1.5 

3.0, 3.1, 3.2 

8.0 

6.02V1 

5.05V1 

2.2 

1.1 

1.0 

3.06 

available. Programmer models and revisions shown 
are subject to change by the manufacturers at any 
time. 

Status 

Verified Express 

Verified Express 

Vendor specifies Express 

Vendor specifies Express 

Vendor specifies Express 

Vendor specifies Express 

Vendor specifies Express 

Verified close to Express, but user must manually 
select double-voltage verily 

Same 

Vendor specifies Express 

Vendor specifies Express 

User-programmable to Express 

Express AND Low Voltage Support 
No Express support for Windows version (Exar) 

Vendor specifies Express on latest release 

Fast, Rapid only 

Vendor specifies Express on latest release 

Fast, Rapid only 

Vendor specifies Express on latest release 

Vendor specifies Express on latest release. 
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Memory Products 

EXPRESS ALGORITHM 

Conditions: 
Tamb = 2s·c ±s·c 
Vee= 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

OS 111728-page 7-86 

Device 
Passed 

ADDR = First Location 
Vee=6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
Increment X 

No 

Last Yes 
Address? >-----~ 

No 

Increment Address 

Vee= VPP = 4.5V, 5.5V 

Device 
Failed 
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MICROCHIP 

Microchip BBS 
Total Endurance™ 
Designer's Kit 

SECTIONS 
DEVELOPMENT SYSTEMS 

Microchip Bulletin Board Service ........................................................................ 8-1 
Microchip Serial EE PROM Endurance Model .................................................... 8-3 
Microchip Serial EE PROM Designer's Kit .......................................................... 8-5 
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MICROCHIP MICROCHIP BBS 
Microchip Bulletin Board Service 

Get current information and help on Microchip's Bulle
tin Board Service (BBS)! Microchip wants to provide 
you with the most responsive service possible. Tv 
accomplish this, the systems team monitors the BBS, 
posting the latest component data and software tool 
updates, providing technical help and embedded sys
tems insights, and discussing how Microchip products 
provide project solutions. Extend your technical 
groups staff with microcontroller and memory experts 
through Microchip's BBS communication channel. 

SYSTEMS INFORMATION AND 
UPGRADE HOT LINE 

The Systems Information And Upgrade Line provides 
system users a listing of the latest versions of all of 
Microchip's development systems software products. 
Plus, this line provides information on how customers 
can receive any currently available upgrade kits. The 
Hot Line Numbers are: 1-800-755-2345 for U.S. and 
most of Canada, and 1-602-786-7302 for the rest of the 
world. 

These phone numbers are also listed on the "Important 
Information" sheet that is shipped with all development 
systems. The hot line message is updated whenever a 
new software version is added to the Microchip BBS, or 
when a new upgrade kit becomes available. 

CONNECTING TO MICROCHIP 

Connect worldwide to the Microchip BBS using the 
CompuServe® communications network. In most 
cases, a local call is your only expense. The Microchip 
BBS connection does not use CompuServe 
membership services, therefore, you do not need 
CompuServe membership to join Microchip's BBS. 

There is no charge for connecting to the BBS, except 
for a toll charge to the CompuServe access number, 
where applicable. You do not need to be a CompuServe 
member to take advantage of this connection (you 
never actually log in to CompuServe). 

The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
service allow multiple users at baud rates up to 14400 
bps. 

© 1995 Microchip Technology Inc. 

The following connect procedure applies in most loca
tions. 

1. Set your modem to 8-b1t, No parity, and One stop 
(8N1). This is not the normal CompuServe set
ting which is 7E1. 

2. Dial your local CompuServe access number. 

3. Depress <Enter .J> and a garbage string will 
appear because CompuServe is expecting a 
7E1 setting. 

4. Type+, depress <Enter.J>and Host Name: will 
appear. 

5. Type MCHIPBBS, depress <Enter.J> and you 
will be connected to the Microchip BBS. 

In the United States, to find CompuServe's phone num
ber closest to you, set your modem to 7E1 and dial 
(800) 848-4480 for 300-2400 baud or (800) 331-7166 
for 9600-14400 baud connection. After the system 
responds with Host Name:, type NETWORK, depress 
<Enter.J and follow CompuServe's directions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 

USING THE BULLETIN BOARD 

The bulletin board is a multifaceted tool. It can provide 
you with information on a number of different topics. 

• Special Interest Groups 

• Files 

• Mail 

• Bug Lists 

Special Interest Groups 

Special Interest Groups, or SI Gs as they are commonly 
referred to, provide you with the opportunity to discuss 
issues and topics of interest with others that share your 
interest or questions. SIGs may provide you with infor
mation not available by any other method because of 
the broad background of the PIC16/17 user community. 

There are SIGs for most Microchip systems, including: 

• MPASM • MPSIM 
• PICMASTER® • TRUE GAUGE™ 
• PRO MATETM • fuzzyTECH®-MP 
• Utilities • ASSP 
• Bugs • MTE1122 
• PICSTART® 

These groups are monitored by the Microchip staff. 

DS30128F-page 8-1 
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MICROCHIP BBS 

Files 

Microchip regularly uses the Microchip BBS to distrib
ute technical information, application notes, source 
code, errata sheets, bug reports, and interim patches 
for Microchip systems software products. Users can 
contribute files for distribution on the BBS. For each 
SIG, a moderator monitors, scans, and approves or dis
approves files submitted to the SIG. No executable files 
are accepted from the user community in general to 
limit the spread of computer viruses. 

Mail 

The BBS can be used to distribute mail to other users 
of the service. This is one way to get answers to your 
questions and problems from the Microchip staff, as 
well as keeping in touch with fellow Microchip users 
worldwide. 

Consider mailing the moderator of your SIG, or the 
SYSOP, if you have ideas or questions about Microchip 
products, or the operation of the BBS. 

Note: The SIGs provide you with the opportunity 
to discuss issues and exchange ideas. 
Technical support and urgent questions 
should be referred to your local distributor, 
sales representative or FAE. They are 
your first level of support. 

Software Releases 

Software products released by Microchip are referred 
to by version numbers. Version numbers use the form: 

xx.yy.zz <status> 

Where xx is the major release number, yy is the minor 
number, and zz is the intermediate number. The sta
tus field displays one of the following categories: 

• Alpha 

• Intermediate 

• Beta 

• Released 

Production releases are numbered with major, and 
minor version numbers like: 

3.04 Released 

Alpha, Beta and Intermediate releases are numbered 
with the major, minor and intermediate numbers: 

3.04.01 Alpha 

Alpha Release 

Alpha designated software is engineering software that 
has not been submitted to any quality assurance test
ing. In general, this grade of software is intended for 
software development team access only, but may be 
sent to selected individuals for conceptual evaluation. 

DS30128F-page 8-2 

Intermediate Release 

Intermediate released software represents changes to 
a released software system and is designated as such 
by adding an intermediate number to the version num
ber. Intermediate changes are represented by: 

• Bug Fixes 

• Special Releases 

• Feature Experiments 

Intermediate released software does not represent our 
most tested and stable software. Typically, it will not 
have been subject to a thorough and rigorous test suite, 
unlike production released versions. Therefore, users 
should use these versions with care, and only in cases 
where the features provided by an intermediate release 
are required. 

Intermediate releases are primarily available through 
the BBS. 

Beta Release 

Preproduction software is designated as Beta. Beta 
software is sent to Applications Engineers and Consult
ants, FAEs, and select customers. The Beta Test period 
is limited to a few weeks. Software that passes Beta 
testing without having significant flaws, will be produc
tion released. Flawed software will be evaluated, 
repaired, and updated with a new revision number for a 
subsequent Beta trial. 

Production Release 

Production released software is software shipped 
with tool products. Example products are PRO MATE, 
PICSTART®, and PICMASTER. The Major number is 
advanced when significant feature enhancements are 
made to the product. The minor version number is 
advanced for maintenance fixes and minor enhance
ments. Production released software represents Micro
chip's most stable and thoroughly tested software. 

There will always be a period of time when the Produc
tion Released software is not reflected by products 
being shipped until stocks are rotated. You should 
always check the BBS for the current production 
release. 
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MICROCHIP TOTAL ENDURANCE™ 
Microchip Serial EEPROM Endurance Model 

FEATURES 

• IBM® PC compatibility 

• Windows™ 3.1 or DOS 3.1 compatibility 

• Automatic or manual recalculation 

• Real-time update of data 

• Full-screen or windowed graphical view 

• Hypertext on-screen help 

• Key or slide-bar entry of parameters 

• On-screen editing of parameters 

• Single-click copy of plot to clipboard 

• Numeric export to delimited text file 

• On-disk Endurance Tutorial 

IBM PC is a registered trademark of IBM Corp. 

Windows is a trademark of Microsoft Corp. 

© 1995 Microchip Technology Inc. 

SYSTEM REQUIREMENTS 

• DOS 3.1 or higher 

• Windows 3.1 

• 1MB memory 

• 386 or 486 processor recommended 

• Math coprocessor recommended 

DEVICE SUPPORT 

• Microchip 2-wire 24CXX/24LCXXB/24AAXX/ 
85CXX 

• Microchip 3-wire 93CXX/93LCXX/93AAXX Series 

• Microchip 4-wire 59C11 

DS2107 40-page 8-3 
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Total Endurance™ 

DESCRIPTION 

Microchip's revolutionary Total· Endurance Model· pro
vides electronic systems designers with unprece
dented visibility into Serial EEPROM-based 
applications. This advanced software model (with a 
very friendly user interface) eliminates time and guess
work from Serial EEPROM-based designs by accu
rately predictirig the device's performance and 
reliability within a user-defined application environ
ment. Design trade-off analysis which formerly con
sumed days or weeks can now be performed in 
minutes ... with a level of accuracy that delivers a truly 
robust design. 

Users may input the following application parameters: 

• Serial EEPROM device type 

• Bytes to be written per cycle 

• Cycling mode - byte or page 

• Data pattern type - random or worst-case 

• Temperature in °c 
• Erase/Write cycles per day 
• Application lifetime or target PPM level 

The model will respond with FIT rate, PPM level, appli
cation life and a plot of the PPM level vs. number of 
cycles. The model is available in both DOS and Win
dows versions. 

BACKGROUND 

Microchip's research into the Erase/Write endurance of 
Serial EEPROMs has resulted in the conclusion that 
endurance depends upon three primary effects: the 
physical properties of the EEPROM cell, the internal 
error-correction technology employed, and the applica
tion environment. EEPROM endurance specified as a 
"typical" value in device data sheets must therefore be 
evaluated on a case-by-case basis, taking into account 
the manner in which the device will be used in the appli
cation. The Microchip Total Endurance software 
applies the user-defined application parameters to a 
complex mathematical model in order to emulate the 
EEPROM's performance and reliability in the system. 

Order Information: 

Description 

Total Endurance Software Disk 

DS21074D-page 8-4 

Part Number 

SW242001 

USING THE MODEL 

The user has simply to choose a Microchip Serial 
EEPROM device from the device-list menu and begin 
entering the application parameters. The entire pro
cess can take literally seconds to complete, and the 
model will output the PPM level and FIT rate of the 
device vs. the number of Erase/Write cycles. If the 
user has specified an application lifetime, the model 
will output PPM and FIT rates at that point in time. 
Alternately, the user may input a desired PPM level and 
the model will calculate the application lifetime which 
will result in that survival rate. The user may then 
trade-off any of the parameters (device type, voltage, 
application life, temperature, # of bytes per cycle, # of 
cycles per day etc.) to arrive at an optimal solution for 
the intended application. 

Whenever a parameter is changed, calculation of the 
ppm/application life is automatic. An "update" box will 
appear inside the graph to indicate that new data has 
been entered and the graph should be redrawn. A sin
gle click in the "draw" box will redraw the plot of ppm vs. 
cycles; a click in the "Resize" box will take the plot to 
full-screen display for a closer view. The plot data can 
be saved to a file or the plot itself can be copied to the 
clipboard to be pasted into another application. 

ACCURACY OF THE MODEL 

The accuracy of the Microchip Total Endurance model 
has been verified against test data to within ten percent 
of the actual values. However, Microchip makes no 
warranty as to its accuracy or applicability of the infor
mation to any given application. It is intended to be 
used as a guide to aid designers of Serial EEPROM
based systems in performing trade-off analysis and 
developing robust and reliable designs. 

© 1995 Microchip Technology Inc. 



MICROCHIP DESIGNER'S KIT 
Microchip Serial EEPROM Designer's Kit 

FEATURES 

• Includes everything necessary to begin develop
ing Serial EEPROM-based applications 

• Microchip Total Endurance™ software model 

• Microchip SEEVAL™ evaluation and program-
ming board 

• Microchip SEEVAL software 

• Microchip Serial EEPROM handbook 

• Microchip Serial EEPROM sample pack 

• RS-232 serial cable 

• Power supply 

SYSTEM REQUIREMENTS 

• DOS 3.1 or higher 

• Windows™ 3.1 

• VGA monitor 

• 386 or 486 processor recommended 

• Math coprocessor recommended 

DEVICE SUPPORT 

• Microchip 2-wire 24CXX/24LCXXB/85CXX 

• Microchip Smart Serial™ 24XX65 

• Microchip 3-wire 93CXX/93LCXX series 

• Microchip 4-wire 59C11 

Total Endurance, SEE VAL and Smart Serial are trademarks of Microchip Technology Inc. 

IBM PC is a registered trademark of IBM Corp. 

Windows is a trademark of Microsoft Corp. 

© 1995 Microchip Technology Inc. DS21049B-page 8-5 
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Designer's Kit 

DESCRIPTION 

Now designers of Serial EEPROM-based applications 
can enjoy the increased productivity, reduced time to 
market, and the ability to create a rock-solid design that 
only a well-thought-out development system can pro
vide. Microchip's new Serial EEPROM Designer's Kit 
includes everything necessary to quickly develop a 
robust and reliable Serial EEPROM-based design and 
greatly reduce the time required for system integration 
and hardware/software debug. 

The Total Endurance software model enables 
designers to quickly choose the best Serial EEPROM 
for the specific application and perform trade-off analy
sis with voltage, temperature, write cycle and other 
system parameters in order to achieve the desired 
Erase/Write endurance (specific ppm rate) or product 
lifetime. Total Endurance is the new standard of excel
lence in understanding and predicting the Erase/Write 
endurance of Serial EEPROMs. An on-line endurance 
tutorial is included, along with hypertext help files. 

Microchip's SEEVAL Serial EEPROM evaluation and 
programming system will accept any Microchip Serial 
EEPROM in DIP package and enable the designer or 
system integrator to read, write, or erase any byte or 
the entire array. SEEVAL also provides the following 
advanced features to aid in system integration and 
debug: 

• Program special user functions like Smart Serial 
configurations 

• Hexadecimal display of array contents 

• Pre-set or user-defined repeating patterns 

• User-configurable functions like continuous read/ 
write, programmable delay, etc. 

• Upload/download files between the Serial 
EEPROM and disk 

Another industry first, the Microchip Serial EEPROM 
Handbook provides a plethora of information crucial to 
the designers of Serial EEPROM-based systems. 
Along with data sheets on Microchip Serial EEP~OMs, 
this resource provides application notes regarding 
Erase/Write endurance, interfacing with different proto
cols and many, many others. A cross-reference and 
selector guide are also included, plus article reprints 
and qualification reports on Microchip Serial 
EEPROMs. 

Order Information: 

Description 

SErial EEPROM Designer's Kit 
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Part Number 

DV243001 

USING SEEVAL AND TOTAL 
ENDURANCE 

Both software packages can be loaded from Windows 
by choosing FILE RUN and entering SETUP.EXE from 
the Program Manager. The applications will install 
themselves; then a double mouse-click will start either 
application. The first step in either program is to select 
a device from the device list. 

In Total Endurance, the user has simply to choose a 
Microchip Serial EEPROM device from the device-list 
menu and begin entering the application parameters. 
The entire process can take literally seconds to com
plete, and the model will output the PPM level and FIT 
rate of the device vs. the number of Erase/Write cycles. 
If the user has specified an application lifetime, the 
model will output PPM and FIT rates at that point in 
time. Alternately, the user may input a desired PPM 
level and the model will calculate the application life
time which will result in that survival rate. The user may 
then trade-off any of the parameters (device type, volt
age, application life, temperature, # of bytes per cycle, 
#of cycles per day etc.) to arrive at an optimal solution 
for the intended application. 

Whenever a parameter is changed, calculation of the 
ppm/application life is automatic. An "update" box will 
appear inside the graph to indicate that new data has 
been entered and the graph should be redrawn. A sin
gle click in the "draw" box will redraw the plot of ppm vs. 
cycles; a click in the "Resize" box will take the plot to 
full-screen display for a closer view. The plot data can 
be saved to a file or the plot itself can be copied to the 
clipboard to be pasted into another application. 

In SEEVAL, the user may choose to load a file from 
disk to program the Serial EEPROM, or read data from 
the EEPROM and save it to disk. The screen displays 
the contents of a software buffer. The buffer may be 
manipulated before programming data to the Serial 
EEPROM, or data can be written to the Serial 
EEPROM directly on-line. An area of memory can be 
highlighted (selected) and programmed with a pre
defined pattern or user-specified pattern. Alternately, 
the entire device can be programmed with any repeat
ing pattern. 

Both SEEVAL and Total Endurance allow the user to 
save any configuration as default. This configuration 
(device and application settings) will then automatically 
load at boot time. 

© 1995 Microchip Technology Inc. 
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MICROCHIP PIC16/17 
Shortform Catalog to PIC16/17 8-Bit Microcontrollers 

The following shortfomi catalog section will provide an 
overview to Microchip Technology lnc.'s PIC16/17 
8-bit. RISC-based microcontrollers and development 
systems. This includes: PIC16C5X base-line, 
PIC16CXX mid-range and PIC17CXX high-end perfor
mance product families with complementary emulator 
systems and development tools. 

© 1995 Microchip Technology Inc. 

For detailed infomiation on PIC16/17 microcontroller 
and development systems, please refer to the 
Micmchip PIC16/17 8-Bit Mir:rocontroller Data 
Book. (A copy can be obtained by calling your local 
Microchip sales office.) 
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PIC16/17 

PIC16C5X 8-BIT MICROCONTROLLER FAMILY: BASE-LINE COST EFFECTIVENESS 

Function/Description 
Part 

Number 
Package Features 

For many consumer, automotive and commercial PIC16C54 18-Lead • 512 x 12 EPROM 
applications, the PIC16C5X family of CMOS 
microcontrollers offers the best combination of 
low-cost, low-power, small-footprint and speed 
operation with the versatile field programmable 
EPROM program memory. This advanced OTP 
technology provides the designer/manufacturer 
with a new level of cost savings and affordable 
versatility uncommon in today's microcontroller 
market. 

• Low cost, Low power 

• Small-footprint 

• Versatile Field Programmable EPROM 

• Most cost-effective OTP solution 

• RISC-like Harvard architecture 

• 33 12-bit wide instructions 

• Highly efficient, easy-to-learn set of pro
gram instructions 

• Single cycle instruction execution 

• Single word instructions result in more com
pact software code 

• Instruction execution rates as fast as 200 ns 
per instruction 

PIC16C5X development is supported by 
user-friendly, Windows™-based PICMASTER®-16D 
universal development platform and the low-cost 
PICSTART®-1681. Software support includes 
assembler(MPASM), simulator(MPSIM), C Compiler 
and fuzzy logic development software 
(fuzzyTECH-MP®). 

• 25 bytes general purpose RAM 

• 12 bidirectional 1/0 lines 

Program Memory • RTCC timer/counter 

Timer 

CPU 

PIC16C54A 

PIC16CR54 

PIC16C55 

PIC16C56 

Data 

Memory 

1/0 

• Watchdog timer 

• Fuse selectable oscillator 
configurations: RC, XT, LP, HS for 
EPROM-based devices 

• DC through 20MHz clock 

• DC to 200ns instruction cycle 

• Wide operating voltage 

• Sleep Mode 

• Three temperature ranges 
(0°C to +70°C, -40°C to +85°C, 
and -40°C to + 125°C) 

• Packaging available: 18-Lead 
PDIP, CERDIP (Windowed), SOIC 
and 20-pin SSOP 

18 Lead Same as PIC16C54 but with extended 
operating voltage range and lower 
operating current. 

18 Lead Same as PIC16C54 but with ROM 
program memory in place of EPROM. 

28 Lead Same as PIC16C54 but with additional 
8-bit 1/0 port (20 1/0). 

18 Lead All the features of PIC16C54 but with 
1024 x 12-bit words of EPROM 
program memory. 

PIC16C57 28 Lead All features of the PIC16C55 but with 
72 bytes of RAM registers and 
2048 x 12-bit words of EPROM 
program memory. 

PIC16CR57A 28 Lead Same as PIC16C57 but with ROM 
program memory, extended operating 
voltage range, and lower operating 
currents. 

PIC16C58A 18 Lead All features of the PIC16C57 but with 
one less 8-bit 1/0 port (12 1/0). 

PIC16CR58A* 18 Lead Same as PIC16C58A but with ROM 
program memory, extended operating 
voltage range and lower operating cur
rents. 

*Please check with your local Microchip sales support for more information. 

DS00031 J/L-page 9-2 © 1995 Microchip Technology Inc. 



PIC16/17 

PIC16CXX 8-BIT MICROCONTROLLER FAMILY: MID-RANGE PIC16C6X 

Function/Description 
Part 

Number 
Package Features 

The PIC16CXX family of 8-bit microcontrollers PIC16C61 18-Lead • 1 K x 14 EPROM program memory 
provides the advantages of the enhanced CPU 
core along with a more powerful array of 
peripheral features designed to meet the 
demands of today's mid-range 8-bit embedded 
control applications. The enhanced CPU core 
includes enhancements such as multiple inter
rupt sources, 8 level deep hardware stack and 
14-bit wide instruction words. 

• Higher level of peripheral integration 

• Upward compatible from PIC16C5X 
base-line family 

• Versatile field-programmable EPROM 

• Cost effective OTP user 
programmability 

• RISC-like Harvard Architecture 

• 35 single word instructions 

• Multiple Interrupt Sources 

• Deeper hardware stack 

• Low power consumption 

• Small footprint package options 

• Fast execution throughput 

• Fuse selectable oscillator options: 
RC, XT, LP, HS 

• Three temperature ranges: 
(0°C to +70°C, -40°C to +85°C and 
-40°C to + 125°C) 

The PIC16CXX family is supported by 
user-friendly, yet powerful development tools 
such as the Windows-based PICMASTER 
in-circuit emulator. The PICSTART-16C pro-

Program Memory 

Timers Data 
Memor,' 

CPU 
Peripherals 

PIC16C62 

IN 
DEVELOPMENT 
Contact your local 

Microchip 
Sales Office 

for more 
information 

• 36 by1es general purpose RAM 

• 8-level deep hardware stack 

• 13 bidirectional 1/0 lines 

• 3 interrupt sources including 
wake-up on change of port 

• Timer resources include 8-bit 
real-time clock/counter with 8-bit 
programmable prescaler 

• Operating frequencies: DC to 
20MHz, low power/voltage option 

• Packaging options: 18-Lead PDIP, 
CERDIP (Windowed), 18-lead SOIC 
for surface mount applications 

• 2K x 14 EPROM program memory 

• 128 by1es general purpose RAM 

• 22 1/0 with individual direction 
control 

• Capture/Compare/PWM module 

• 12C™ and 3-wire SP! compatible 

• 8 internal and external interrupt 
sources 

• 16-bit timer/counter: two 8-bit 
timer/counters with prescaler one 
with post scaler 

• Operating frequencies: DC to 
20MHz, low-power, low-voltage 
option 

• Packaging options: 28-lead PDIP, 
CERDIP and SSOP 

vides a low cost entry level tool to evaluate and PIC16C64 40/44 • 2K x 14 EPROM program memory 
begin code development for PIC16CXX 
devices. Fuzzy Logic Development Tools and 
a C-Compiler as well as a host of other third 
party hardware and software tools are also 
available to support the PIC16CXX family. 

© 1995 Microchip Technology Inc. 

Lead • 128 bytes general purpose RAM 

Program Memory 

Timers & Data 
CCP Memory 

Peripherals 
CPU 

SSP 1 

• 33 1/0 with individual direction 
control 

• Capture/Compare/PWM module 

• Parallel slave port 

• 12crM and 3-wire SPI compatible 
Synchronous Serial Port (SSP) 

• 8 internal and external interrupt 
sources 

• 16-bit timer/counter: two 8-bit 
timer/counters with prescaler one 
with post scaler 

• Operating frequencies: DC to 
20MHz, low-power, low-voltage 
option 

• Packaging options: 40-lead PDIP, 
CERDIP (Windowed), and 44-lead 
PLCC, QFP 
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PIC16/17 

PIC16CXX 8-BIT MICROCONTROLLER FAMILY: MID-RANGE PIC16C6X 

Function/Description 
Part 

Number 

PIC16C65 

Package Features 

40/44 • 4K x 14 EPROM program memory 

Lead • 192 bytes general purpose RAM 

• 33 1/0 pins with individual direction 
control 

Program Memory • 12 external and internal interrupt 
sources nmers/ 

CCPs Data 
Memory 

CPU 

SSP SCI 

• 2 Capture/Compare/PWM modules 

• Synchronous Serial Port (SSP) that 
is 12C and 3-wire SPI compatible 

• Serial Communications Interface 
(SCI) provides USART functions 

• Parallel slave port 

• 3 counter/timers, one can be incre
mented during Sleep Mode via exter
nal clock 

• Operating Frequencies: DC to 
20MHz, low power, low voltage 
option 

• Three temperature ranges: 
Commercial, Industrial, and 
Automotive 

• Packaging options: 40-lead PDIP 
and CERDIP (Windowed), 44-lead 
PLCC, 44-lead QFP 

PIC16CXX 8-BIT MICROCONTROLLER FAMILY: MID-RANGE PIC16C62X 

Function/Description 

DS00031J/L-page 9-4 

Part 
Number 

PIC16C620 

Package 

IN 
DEVELOPMENT 
Contact your local 

Microchip 
Sales Office 

for more 
information 

PIC16C621 

PIC16C622 

Features 

• 512 x 14 EPROM program memory 

• 80 bytes general purpose RAM 

• 4 external and internal interrupt 
sources 

• 16 1/0 pins with individual direction 
control 

• Analog comparator module with two 
comparators 

• 8-bit timer/counter with 8-bit pro
grammable prescaler 

• Packaging options: 18-lead PDIP 
and CERDIP (Windowed), 20-lead 
SSOP 

Same as the PIC16C620 except: 

• 1K x 14 EPROM program memory 

• 80 bytes general purpose RAM 

Same as the PIC16C620 except: 

• 2K x 14 EPROM program memory 

• 128 bytes general purpose RAM 

© 1995 Microchip Technology Inc. 



PIC16/17 

PIC16CXX 8-BIT MICROCONTROLLER FAMILY: MID-RANGE PIC16C7X 

Function/Description 

© 1995 Microchip Technology Inc. 

Part 
Number 

Package Features 

PIC16C71 18-Lead • 1 K x 14 EPROM program memory 

Program Memory 

Data 
CPU Memory 

ADC 

• 36 bytes general purpose RAM 

• 8-bit, 4-channel ND converter with 
sample and hold, accuracy of ±1 
LSB, 20µs conversion time 

• 13 1/0 pins with individual direction 
control 

• 4 internal/external interrupt sources 

• 8-bit timer/counter with programma
ble prescaler 

• Operating frequencies: DC to 20MHz 

• 4 user selectable oscillator options 

• Packaging options: 18-pin PDIP and 
SOIC 

PIC16C73 28 Lead • 4K x 14 EPROM program memory 

Program Memory 

limers/ Data 
CCPs Memory 

CPU 
ADC 

SSP SCI 

• 192 bytes general purpose RAM 

• 22 1/0 pins with individual direction 
control 

• 11 external and internal interrupt 
sources 

• 2 Capture/Compare/PWM modules 

• 8-bit, 8-channel ND converter 

• Synchronous Serial Port (SSP) that 
is 12C and 3-wire SPI compatible 

• Serial Communications Interface 
(SCI) provides USART functions 

• Parallel slave port 

• 3 counter/timers, one can be incre
mented during Sleep Mode via exter
nal clock 

• Operating Frequencies: DC to 20 
MHz, low power, low voltage option 

• Three temperature ranges: Commer
cial, Industrial, and Automotive 

• Packaging options: 28-lead PDIP 
(300 mil), CERDIP (Windowed) and 
SOIC 
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PIC16/17 

PIC16CXX 8-BIT MICROCONTROLLER FAMILY: MID-RANGE PIC16C7X 

Function/Description 
Part 

Number 

PIC16C74 

Package Features 

40/44 • 4K x 14 EPROM program memory 
Lead • 192 bytes general purpose RAM 

• 33 1/0 pins with individual direction 
control 

Program Memory • 12 external and internal interrupt 

Timers/ Data 
CCPs Memory 

CPU 
ADC 

SSP SCI 

sources 

• 2 Capture/Compare/PWM modules 

• 8-bit, 8-channel AID converter 

• Synchronous Serial Port (SSP) that 
is 12C and 3-wire SPI compatible 

• Serial Communications Interface 
(SCI) provides USART functions 

• Parallel slave port 

• 3 counter/timers, one can be incre
mented during Sleep Mode via exter
nal clock 

• Operating Frequencies: DC to 
20MHz, low power, low voltage 
option 

• Three temperature ranges: Commer
cial, Industrial, and Automotive 

• Packaging options: 40-lead PDIP 
and CERDIP (Windowed), 44-lead 
PLCC, 44-lead QFP 

PIC16CXX 8-BIT MICROCONTROLLER FAMILY: REPROGRAMMABLE PIC16C8X 

Function/Description 

DS00031 J/L-page 9-6 

Part 
Number 

Package Features 

PIC16C84 18-Lead • Unique 1Kx 14 EEPROM program 

Program Memory 

Timers Data 
Memory 

CPU 1/0 

memory 

• 64 bytes EEPROM data memory 

• 36 bytes general purpose RAM 

• EEPROM program memory can be 
serially programmed in the 
application circuit 

• 13110 pins with individual direction 
control 

• 4 internal/external interrupt sources 

• 8-bit timer/counter with 
programmable prescaler 

• Operating frequencies: DC to 10MHz 

• Packaging options: 18-pin PDIP and 
SOIC 

© 1995 Microchip Technology Inc. 



PIC16/17 

PIC17CXX 8-BIT MICROCONTROLLER FAMILY: HIGH-PERFORMANCE PIC17C4X* 

Function/Description 

For high-end applications, the PIC17CXX fam
ily of CMOS microcontrollers offers the indus
try's highest performance 8-bit microcontroller, 
powerful on-chip peripherals, OTP user flexi
bility, and world class development tools, all at 
competitive pricing. 

• Unique RISC/Harvard architecture 

• Long 16-bit Instruction Word 

• Single-cycle/single-word instruction exe
cution for extremely fast execution 
throughput and compact software code 

• Instruction set includes enhanced capa
bilities such as easy and fast utilization of 
large look-up tables, and the ability to 
move data in a single instruction cycle 

• Powerful vectored interrupt handling 

• Watchdog Timer and Sleep Mode fea
tures effectively address the require
ments of real-time embedded control 
applications 

The PIC17C42 has 55 instructions, and the 
PIC17C43 and PIC17C44 have 58 instruc
tions including single-cycle hardware multiply. 

PIC17CXX development is supported by 
user-friendly, Windows-based PICMASTER-17 
Universal Development platform. Software sup
port includes assembler (MPASM), simulator 
(MPSIM), C-Compiler and fuzzy logic tools. 

Part 
Number 

PIC17C42 

Package Features 

40/44 • 2K x 16 EPROM program memory 

Lead • 232 bytes general purpose RAM 

Program Memory 

• Can function as stand-alone micro
controller or address up to 64K word 
external Program Memory 

• Instruction set includes 55 instruc
tions Timers 

CPU 

PIC17C43 

PIC17C44 

Data 
Memory 

USART 

Captures 

PWMs 

• 2 fast PWM outputs: 97.6kHz at 
8-bit resolution; 24.3kHz at 10-bit 
resolution (at 25MHz) 

• Two Capture Inputs with prescaler 
with 160ns resolution 

• Full featured USART (SCI) with baud 
rate generator 

• 33 1/0 pins with individual direction 
control 

• Three 16-bit counter/timers which 
can be configured as two 16-bit and 
two 8-bit counter/timer 

• 11 internal and external interrupt 
sources 

• 4 fuse selectable oscillator options 

• Operating frequencies: DC to 25MHz 

• Temperature range: Commercial and 
Industrial 

• Packaging options: 40-Lead PDIP, 
40-lead CERDIP (Windowed), 
44-lead QFP, 44-lead PLCC 

40/44 Same as the PIC17C42 except: 

Lead • 4K x 16 EPROM program memory 

• 454 bytes general purpose RAM 

• 58 instruction includes two hardware 
multiply instructions 

40/44 Same as the PIC17C42 except: 

Lead • BK X 16 EPROM program memory 

• 454 bytes general purpose RAM 

• 58 instruction includes two hardware 
multiply instructions 

'Additional products are in development. Contact your local sales support for more information. 
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PIC16/17 

MICROCONTROLLER CODE COMPACTION COMPARISON 

With its 12-bit wide program word size, 
Microchip's PIC16C5X microcontroller 
demonstrates a code compaction advan
tage over competing architectures. The 
table on the right summarizes code sizes 
for different MCUs. The overall relative 
code size number is an average of the 
individual relative code sizes. In this 
example, 1.5X is the average. 

The PIC16C5X MCU exceeds this aver
age in most comparisons because its 
12-bit wide instruction word executes 
instructions in a single cycle. By 
comparison, all competing architectures 
have 8-bit program word size, and do not 
achieve maximum code compaction 
efficiency. 

With its 16-bit wide instruction word, the 
PIC17CXX microcontroller family 
produces even greater code compaction 
over other microcontroller families. 
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2.25 

MICROCONTROLLER EMULATOR SYSTEMS 

Function/Description 

CMOS PIC16C5X 
In-Circuit Emulator 
System 

DS00031J/L-page 9-8 

PICMASTER®-160 is a complete 
high-performance in-circuit emula
tor system for the PIC16C5X 
microcontroller family. The 
PICMASTER-16D system oper
ates on PC-compatible 386 and 
486 machines under Microsoft 
Windows 3.X allowing access to a 
wide range of supporting software 
and accessories. This universal 
system also includes the universal 
PRO MATE programmer. The com
plete PICMASTER-16D develop
ment system supports other 
PIC16/17 microcontrollers with a 
simple, low-cost active probe card 
change. 

Model Name/ 
Part Number 

PICMASTER-160 
EM167015 

(includes PRO MATE) 
EM167016 

(without PRO MATE) 

2.24 

Features 

• Emulator system 
• PROBE-16D PIC16C5X 

Probe Kit (20MHz) 
• MPASM macro assembler 

• MPSIM software simulator 

• PRO MATE programmer 

• PICDEM-1 Demo Board 

• Product sample kit 
• Demonstration software 

• Complete system docu
mentation 

© 1995 Microchip Technology Inc. 



PIC16/17 

MICROCONTROLLER EMULATOR SYSTEMS 

Function/Description 
Model Name/ 

Features 
Part Number 

CMOS PIC16C71 PICMASTER-16B is the same PICMASTER-16B • Emulator system 
In-Circuit Emulator complete high-performance emu- EM167011 • PROBE-16B PIC16C71 
System lator system as described for (includes PRO MATE) Probe Kit (10MHz) 

PICMASTER-16D but it supports EM167012 • MPASM macro assembler 
the PIC16C71 microcontroller (without PRO MATE) 

• MPSIM software simulator products. Includes the PIC16C71 
active probe card and the • PRO MATE programmer 

PIC16C71 programming socket. • PICDEM-1 Demo Boara 

• Product sample kit 

• Demonstration software 

• Complete system docu-
mentation 

CMOS PIC16C84 PICMASTER-16C is the same PICMASTER-16C • Emulator system 
In-Circuit Emulator complete high-performance emu- EM167013 • PROBE-16C PIC16C84 
System lator system as described for (includes PRO MATE) Probe Kit (10MHz) 

PICMASTER-16D but it supports EM167014 • MPASM macro assembler 
the PIC16C84 microcontroller (without PRO MATE) 

• MPSIM software simulator products. Includes the PIC16C84 
active probe card and the • PRO MATE programmer 

PIC16C84 programming socket. • PICDEM-1 Demo Board 

• Product sample kit 

• Demonstration software 

• Complete system docu-
mentation 

CMOS PIC16C64 PICMASTER-16E is the same PICMASTER-16E • Emulator system 
In-Circuit Emulator complete high-performance emu- EM167017 • PROBE-16E PIC16C64 
System lator system as described for (includes PRO MATE) Probe Kit (10MHz) 

PICMASTER-160 but it supports EM167018 • MPASM macro assembler 
the PIC16C64 microcontroller (without PRO MATE) 

• MPSIM software simulator products. Includes the PIC16C64 
active probe card and the • PRO MATE programmer 

PIC16C64 programming socket. • PICDEM-2 Demo Board 

• Product sample kit 

• Demonstration software 

• Complete system docu- • mentation 

CMOS PICMASTER-16F is the same PICMASTER-16F • Emulator system 
PIC16C65/73/7 4 complete high-performance emu- EM167019 • PROBE-16F 
In-Circuit Emulator lator system as described for (includes PRO MATE) PIC16C65/73/74 Probe Kit 
System PICMASTER-16D but it supports EM167020 (10MHz) 

the PIC16C65/73/74 microcontrol- (without PRO MATE) • MPASM macro assembler 
ler products. Includes 

• MPSIM software simulator PIC16C65/73/74 active probe card 
and PIC16C65/73/74 program- • PRO MATE programmer 

ming socket. • PICDEM-2 Demo Board 

• Product sample kit 

• Demonstration software 

• Complete system docu-
mentation 
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PICt6/17 

MICROCONTROLLER EMULATOR SYSTEMS 

Function/Description 
Model Name/ 

Features 
Part Number 

CMOS PIC16C61 PICMASTER·16G is the same PICMASTER· 16G • Emulator system 
In-Circuit Emulator complete high-performance emu- EM167021 • PIC16C61 Probe Kit 
System lator system as described for (includes PRO MATE) (10MHz) 

PICMASTER-16D but it supports EM167022 • MPASM macro assembler 
the PIC16C61 microcontroller (without PRO MATE) 

• MPSIM software simulator products. Includes the PIC16C61 
active probe card and the • PRO MATE programmer 

PIC16C61 programming socket. • Demo Board 

• Product sample kit 

• Demonstration software 

• Complete system docu-
mentation 

PIC16C62X PICMASTER·16H is the same PICMASTER-16H • Emulator system 
complete high-performance emu- EM167023 • PIC16C620, PIC16C621, 
lator system as described for (includes PRO MATE) PIC16C622 Probe Kit 
PICMASTER-16D but it supports EM167024 (10MHz) 
the PIC16C62X microcontroller (includes PRO MATE) • MPASM macro assembler 
products. Includes the 

• MPSIM software simulator PIC16C62X active probe card and 
the PIC16C62X programming • PRO MATE programmer 

socket. • Demo Board 

• Product sample kit 

• Demonstration software 

• Complete system docu-
mentation 

CMOS PIC17C42 PICMASTER-17 is the same com- PICMASTER-17 • Emulator system 
In-Circuit Emulator plete high-performance emulator EM177001 • PIC17C42 Probe Kit 
System system as described for (includes PRO MATE) (16MHz) 

PICMASTER-16D but it supports EM177004 • MPASM macro assembler 
the PIC17C42 microcontroller (without PRO MATE) 

• MPSIM software simulator products. Includes the PIC17C42 
active probe card and the • PRO MATE programmer 

PIC17C42 programming socket. • Demo Board 

• Product sample kit 

• Demonstration software 

• Complete system docu-
mentation 
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MICROCONTROLLER DEVELOPMENT TOOLS 

Function/Description 

Universal 
Microchip Device 
Programmer 

CMOS PIC16CXX 
Development Kit 

CMOS 
PIC16C64/65n3/74 
Development Kit 

Fuzzy Logic 
Development 

PRO MATE™ is a universal pro
grammer for the entire PIC 16C5X, 
PIC16CXX and PIC17CXX micro
controller families. It includes 
Microchip MPSIM (simulator) and 
MPASM (assembler) software. It 
operates either as a stand-alone 
unit or in conjunction with a PC 
host system. PC host software 
provides file display and editing, 
and transfer to and from the pro
gramming unit. 

PICSTART®-1681 is a very 
low-cost entry-level development 
system for the PIC16C5X family of 
microcontrollers including 
PIC16C71 and PIC16C84. It is a 
PC hosted system which includes 
an assembler for code develop
ment, a simulator for debug and a 
development programmer board. 

PICSTART-16C is a very low-cost 
entry-level development system for 
the PIC16C64, PIC16C65, 
PIC16C73 and PIC16C74 micro
controllers. It is a PC hosted sys
tem which includes an assembler 
for code development, a simulator 
for debug and a development pro
grammer board. 

fuzzyTECH®-MP fuzzy logic 
development tool supports all 
PIC16/17 microcontrollers. It 
comes in two versions - an 
introductory Explorer version for 
designers to gain a comprehensive 
working knowledge of fuzzy logic 
system design, and a full-featured 
edition for implementing more 
complex systems. 

Both versions come with Microchip 
fuzzyLA8™ Demonstration Board 
to give hands-on experience with 
fuzzy logic systems implementa
tion. 

© 1995 Microchip Technology Inc. 

Model Name/ 
Part Number 

PRO MATE 
DV007001 

PICSTART-1681 
DV163003 

PICSTART-16C 
DV163002 

fuzzyTECH 
DV005001 

(-MP Explorer) 
DV005002 

(-MP Edition) 

PIC16/17 

Package 

• Programs all PIC16C5X, 
PIC16CXX and PIC17CXX 
microcontroller family mem
bers 

• Operates in stand-alone 
and PC host mode 

• Reads, programs and veri
fies in stand-alone mode 

• MPASM PIC16/17 assem
bler software 

• MPSIM PIC16CXX simula
tor software 

• MPASM macro assembler 

• MPSIM software simulator 

• Development programmer 
board 

• Product sample kit 

• Power supply 

• RS-232 Cable 

• Complete system docu
mentation 

• MPASM macro assembler 

• MPSIM software simulator 

• Development programmer 
board 

• Product sample kit 

• Power supply 

• RS-232 Cable 

• Complete system docu
mentation 

• fuzzyTECH software 

• fuzz}'i..AB Demonstration 
Board 

• RS-232 Cable 

• PIC16CXX production sam
ple 

• Universal power supply 

• Complete system docu
mentation 

• Hardware protection key 
(on full-featured edition 
only) 
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PIC16/17 

MICROCONTROLLER DEVELOPMENT TOOLS 

Function/Description 

CMOS PIC16/17 
Microcontroller 
Assembler 

CMOS PIC16CXX 
Microcontroller 
Simulator 

CMOS PIC16CXX 
Microcontroller 
Compiler 
(Available from 
Byte Craft Limited, 
519-888-6911 ) 

MPASM is a fully-featured 
macro-assembler supporting the 
PIC16C5X, PIC16CXX and 
PIC 17C4X microcontroller product 
families. 

MPSIM is a discrete event simula
tor designed to imitate operation of 
PIC16C5X, PIC16CXX and 
PIC17C4X microcontroller product 
families. It allows the user to 
debug software that will use any of 
these microcontrollers. 

The MP-C Code Development 
Systems is a complete C Compiler 
and integrated development envi
ronment for Microchip's PIC16/17 
family of microcontrollers. The 
compiler provides powerful inte
gration capabilities and ease of use 
not found with other compilers. 

OTHER LOGIC PRODUCTS - LCD DRIVER 

Function Description Part Number Temp. Range 

Model Name/ 
Part Number 

MPASM 
SW005002 

MPSIM 
SW005002 

MP-C 

Supply 
Voltage 

Package 

• Fully-featured macro 
assembler 

• Conditional assembly 

• Several source and listing 
formats 

• Generates various object 
code formats 

• Program load and save 

• Display and alter 

• Disassembler 

• Symbolic debug 

• Execution trace and break
points 

• Provides Object, Listing, 
Symbol and special files 
required for debugging with 
other Microchip develop
ment systems 

• Supports interrupt routines 

• Checks source against tar
get hardware definitions 

• Generates efficient, tight 
object code 

• Includes a linker and built-in 
macro assembler 

• "C" enhancements specific 
to the PIC16/17 families' 
instruction sets 

• Output formats: INHXBS, 
INHXBM and INHX32 

Package Features 

Static 
LCD 
Driver 

Drives up to 
32 segments 

AY0438 -40°C to +85°C +3.0V to 40-Lead DIP Static LCD Driver. 
+8.5V 
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44-Lead PLCC Cascadable to drive 
larger number of 
segments. Serial, 
clocked data in. 
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MICROCHIP ASSP 
Shortform Catalog to Application-Specific Standard Products 

The following shortform catalog will provide an over
view to Microchip Technology lnc.'s application-specific 
standard products including the TrueGauge™ Intelli
gent Battery Management Family, PC pointing device 
family, energy management controller, PICSEE 8-bit 
microcontrollers and development systems. 

© 1995 Microchip Technology Inc. 

For further information on application-specific standard 
products, please refer to individual product data 
sheets. (Copies can be obtained by calling your local 
Microchip sales office.) 
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ASSP 

TRUEGAUGE™ INTELLIGENT BATTERY MANAGEMENT 

Function/Description 
Part 

Number 

Integrated 
Battery 
Capacity 
Monitoring 
and Charge 
Controller 

Programmable 
Intelligent Battery 
l.C. 

DS00031J/A-page 9-14 

The MTA11200TrueGauge Bat- MTA11200 
tery "Fuel Gauge" and Charge 
Controller IC is a simple full-fea-
tured solution to battery monitoring 
and charging. It is designed to 
operate with either NiCd, NiMH or 
lead acid battery packs. The 
MTA11200 digitally integrates bat-
tery charge and discharge current 
to determine the battery state of 
charge. 

The MTA 11200 is ideally suited for 
use in portable computers, porta
ble video equipment, cellular 
phones, and other products relying 
on rechargeable battery technol
ogy. It excels in applications where 
an accurate "fuel gauge" is desired 
to prevent interruption in use, or 
data loss due to insufficient battery 
power. 

The MTA14000 is a high perfor- MTA14000 
mance mixed-signal microcontrol-
ler based on Microchip's powerful 
8-bit RISC core that enables 
real-time measurement and pro-
cessing of battery parameters 
including voltage, charge current, 
discharge current, temperature, 
and total number of cycles. It sup-
ports 4096 words of program mem-
ory, 192 bytes of RAM, 11 
interrupts, 38 special function 
hardware registers and eight levels 
of hardware stack. 

The MTA 14000 is ideally suited for 
use in smart battery controllers, 
battery chargers, uninterruptable 
power supply controllers, smart 
sensors, HVAC controllers and 
data acquisition. 

Package Features 

28 Lead • Low-cost 

• Operates with NiCd, NiMH 
or lead acid battery pack 

• From 3.0 volts to 25VDC 

• Real-time RS-232 inter1ace 
provides battery data on 
remaining capacity, total 
capacity, battery voltage, 
current and temperature 

• Five levels of overcharge 
protection 

• Automatic measurement of 
battery capacity and 
request of condition cycles 

• Logs battery information 
such as number of charge 
cycles, over temperature, 
under temperature, and 
over voltage conditions 

28 Lead • RISC core 

• 35 single word instructions 

• Fully code compatible with 
Microchip's standard 
PIC16/17 microcontroller 
family 

• 4K Program Memory, 192 
bytes RAM, 11 interrupts, 
eight levels of stack 

• 8-channel analog-to-digital 
converter with programma
ble resolution up to 16 bits 

• Two 3-decade digital-to
analog converters 

• Multiple power down con
trols for analog circuits 

• Synchronous Serial Port 
compatible with 12C™, 
ACCESS.bus™, System 
Management Bus 

• 1/0 pins with individual 
direction control allowing for 
support of any other com
munications interface such 
as RS-232 and one-wire 

© 1995 Microchip Technology Inc. 



lRUEGAUGE™ DEVELOPMENT TOOLS 

Function/Description 
Part 

Number 

ASSP 

Features 

TrueGauge 
Development 
Tool 

The MTA11200TrueGauge lntelli- DV114001 
gent Battery Management IC is 

The TrueGauge development tool is a tool 
for system development under Windows. 
The development tool kit contains the 
following: 

support by a user friendly tool for 
system development. The 
DV114001 operates under 
Microsoft Windows™. This devel-
opment tool enables the manage-
ment of all phases of product 
development including inception, 
debugging and maintenance. 

System design verification can be 
accomplished before a hardware 
prototype needs to be built, thus 
reducing time and cost. The user 
interface provides a graphi-
cally-oriented development envi-
ronment. The data logging feature 
saves measured data into a file 
that can be imported to Excel®. 

PC POINTING DEVICES 

Mouse 
Controller 

Function/Description 

The MTA41 XXX Mouse Control
lers are the heart of a simple, 
low-cost mouse or trackball solu
tion. The MTA41XXX family sup
ports all Apple® Computer and 
IBM® PC-compatible formats. 

Part 
Number 

• NiCd battery with TrueGauge module 

• NiMH battery with TrueGauge module 

• Stand-alune Tn.JeGauge module 

• Charger/Discharger Interface Board 

• Universal power supply with power 
cord 

• PC Interface Cable with DB9-DB25 
converter 

• Design/Verification software on a 3.5" 
diskette 

• MTA11200 and 24LC01B product 
samples 

• MTA11200 data sheet 

• TrueGauge Development Tool User's 
Guide 

Package Features 

MTA41300 18 Lead Low-cost mouse controller with 
support for IBM PS!2®-compliant 
or Microsoft® serial-format-com
patible.* The MTA41300 con
troller supports 2-button mouse 
or trackball operation. Packag
ing is available in 300 mil wide 
PDIP and SOIC 

MTA41110 18 Lead Low-cost, low power mouse con
troller with complete support for 
IBM PS/2 interface format. Like 
the MTA41300, the MTA41110 
controller supports 2-button 
mouse or trackball operation, but 
unique software features of the 
MTA41110 allow for direct input 
from optical encoders without 
the need for external compara
tors. LED strobing is also sup
ported by the MTA4111 O for 
low-power applications. 

MTA41120 18 Lead Same as MTA41110 except 
offers complete support for 
Apple Computer ADB™ inter
face. 

• The code in this product was not developed or licensed by Microsoft Corporation. 
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ASSP 

ENERGY MANAGEMENT DEVICES 

Function/Description 
Part 

Number 

Energy 
Management 
Controller 

The MTE1122 Energy Manage- MTE1122 
ment Controller combines Micro-
chip's proprietary PIC16/17 8-bit 
RISC microcontroller technology 
with a unique, patent pending 
power management firmware algo-
rithm in a single package. This 
device, by monitoring and control-
ling the supply requirements into 
an AC induction motor, effectively 
reduces the power consumed by 
the motor. The MTE1122 is avail-
able in both plastic DIP and 
space-saving SOIC packages, and 
operates over commercial and 
industrial ranges. 

DS00031J/A-page 9-16 

Package Features 

18 Lead • Low cost 

• Reduces power consump
tion of AC induction motors 

• Protects against brownouts 
and power surges 

© 1995 Microchip Technology Inc. 



ASSP 

PICSEE FAMILY OF MICROCONTROLLERS WITH SERIAL EEPROM 

Function/Description 
Part 

Number 

8-Bit 
Microcontroller 
with Serial 
EEPROM 

The PICSEE™ offers the unique MTA81010 
combination of an EPROM-based 
microcontroller and a Serial 
EE PROM in a single package. The 
MTA81010 is a multi-chip module 
that integrates a PIC16C54 
low-cost, high-performance, B-bit, 
fully-static, EPROM-based CMOS 
microcontroller with a 24LC01 B 
1024-bit Serial EEPROM config
ured 128K x 8. The integration of 
these two popular chips into a sin
gle package reduces system cost, 
board area and inventory. 

© 1995 Microchip Technology Inc. 

MTABSXXX 

Package 

28 Lead 

20 Lead 
SSOP 

Features 

• 512 x 12 EPROM 

• 1K EEPROM 

• 32 bytes of RAM registers 

• 12 bidirectional 1/0 lines 

• RTCC timer/counter 

• Free runniny watchdog 
timer and load protection 
fuse 

• EEPROM is configured as 
8-byte page 

• Maximum write time 10ms 

• 1 OOK erase write cycles 
minimum 

• 400KHz clock, hardware 
write-protect 

• Available in the oscillator 
configurations RC, XT, LP 

• Frequency range: from 
25KHz through 4MHz 
down to 2.5 volt operation 

• Temperature ranges: 
0°C to +70°C, -40°C to 
+85°C, and -40°C to 
+125°C 

• Packaging: available in 
600 mil wide PDIP, CERDIP 
(Windowed), SSOP and 
300 mil wide SOIC 

• 512 or 2048 x 12 on-chip 
EPROM 

• 1 K or 2K EEPROM 

• 25 or 72 x 8 general 
purpose registers (SAAM) 

• 7 special function 
hardware registers 

• 12 1/0 pins with individual 
direction control 

• 8-bit real time 
clock/counter (RTCC) with 
8-bit programmable pres-
cal er 

• Clock frequencies avail-
able: 4MHz, 10MHz 
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ASSP 

PICSEE FAMILY DEVELOPMENTTOOLS 

Function/Description 

PICSEE PICSEESTART is a very low-cost 
Development entry-level development system for 
Kit the Pl CS EE microcontroller. ·It is a 

combination of the PICSEE 
Adapter Kit and the PIC
START-1681 Development Kit. 

PICSEE FAMILY PROGRAMMERS 

Function/Description 

Part Number Package Features 

DV813001 28 Lead • PICSEE Adapter Kit 
PICSEESTART-81A • PICSTART-1681 

• Product sample kit 
• Complete system documenta

tion 

DV853001 20 Lead • PICSEE Adapter Kit 
PICSEESTART-85A • PICSTART-1681 

Part Number Package 

• Product sample kit 
• Complete system documenta

tion 

Features 

PICSEEKIT The PICSEEKITs are programmer AC812001 28 Lead Supports programming of all PDIP, 
adapters for use in conjunction PICSEEKIT-81A SOIC and JW MTA81010 devices. 
with PRO MATE or PICSTART 
programmers. Included is the 
in-circuit emulation adapter board 
for the PICMASTER-16A. 
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AC814003 28 Lead Programming adapter sockets for 
DIP and SOIC devices. 

AC852001 20 Lead MTA85XXX programming adapter 
PICSEEKIT-85A and emulation kit. 

AC854001 20 Lead 20-lead SSOP programming 
adapter socket. 

© 1995 Microchip Technology Inc. 
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SECTION 10 
QUALITY, RELIABILITY AND ENDURANCE 

Product Quality ................................................................................................. 10-1 
Product Reliability ............................................................................................. 10-9 
EE PROM Endurance ..................................................................................... 10-15 
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MICROCHll=I 

Product Quality 

A CORPORATE COMMITMENT 

Microchip Technology Inc. has evolved a culture where 
a commitment to quality is an integral part. By empow
ering every employee to be responsible for the quality 
of their work, the entire corporation is involved in the 
quality process. This interaction creates an environ
ment for continuous improvement throughout the orga
nization. The benefits of the system are then not only 
enhanced product quality and reliability but also prod
uct services. 

THE CHALLENGE OF COMPLEXITY 

Integrating an Ideal 

Microchip's quality programs and business plan are 
vertically integrated and touch all levels of the com
pany. From the top down, the President and CEO 
actively lead programs to ensure continuous improve
ment is a perpetual process. Improvement and cross 
functional teams work to enhance performance at 
every department level. Incorporating the improve
ment objectives into the business plan creates a unity 
of purpose and mandates that the two merge as one 
measurement. 

Determination to be the Best 

A fundamental concept at Microchip is the commitment 
to continuous improvement. All areas are constantly 
looking for ways to improve every aspect of the com
pany. This has allowed products and processes to 
become world class in quality and reliability. These pro
grams are the foundation for success. 

PROCESS TECHNOLOGY 

All the products manufactured at Microchip make use 
of a common N-Well CMOS baseline process to which 
modules are added in order to create the specific func
tions required by the product (EEPROM, Microcontrol
ler, Logic and EPROM). 

The baseline process, which has been in Manufactur
ing for the last 8 years, uses minimum dimensions of 
1.5µm, 360A gate oxide thickness, N+ doped polysili
con gates and arsenic implanted source-drain diffu
sions for the N-channel devices. 

A more advanced process uses minimum dimensions 
of 1µm, 250A gate oxide thickness, polycide gate and 
LDD junction for the N-channel devices. A double level 
metal module can be added to both processes. 

© 1995 Microchip Technology Inc. 

All of these devices utilize a proprietary passivation 
suitable for a wide variety of package types. Micro
chip's processes have been developed with reliabilitv 
and manufacturability as their primary goals. · 

EEPROM 

Microchip's CMOS floating gate EEPROM technology 
produces a non-volatile memory cell by storing or 
removing charge from the floating gate. Charge is 
transferred bidirectionally to the floating gate by 
Fowler-Nordheim tunneling through a sub-10 nm oxide 
over the drain of the transistor. This technology pro
duces a memory cell with a typical endurance of> 107 

cycles and greater than 40 years of data retention. 
(See EEPROM application note for details). 

EPROM 

This technology uses a non-volatile memory cell which 
stores charge on a self aligned floating gate. Electrons 
are provided to the floating gate via hot electron injec
tion from the drain depletion region. Each byte can typ
ically be programmed in 100 microseconds, and can 
retain that data for more than 10 years with unlimited 
reads. Block erasing is accomplished with a high 
intensity UV source through the package window. Win
dowed parts can be erased and reprogrammed more 
than 100 times. 

Microcontroller and Logic 

Logic products are built on a variety of Microchip's pro
cesses and their derivatives. These products have pro
cess modules for production of controllers that feature 
ROM, Analog, EPROM, and EEPROM. By utilizing the 
standard processing modules, the designs meld these 
technologies and their flexibility while maintaining the 
high quality and reliability standards expected. 

QUALITY 

Design for Quality and Reliability 

Product reliability is designed into all Microchip pro
cesses and products. Design margins are established 
to guarantee every product can be produced economi
cally, error-free and within the tolerances of the manu
facturing process. Product Introduction Teams 
representing manufacturing, engineering, quality and 
product divisions ensure that exacting standards are 
met for each specific product. 
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Documentation and Procurement 
Specifications 
Microchip's documentation control program assures 
the correct and current document always is available at 
the point of use. Active documents are revision coded 
and serialized. Procurement specifications bear the 
same requirements. These document control proce
dures, which are common in the industry for milltary 
and high reliability products, are employed by Micro
chip, system wide. 

In line Controls and Process Assessment 
Product integrity is assured by sampling and inspection 
plans performed in-line. This enables Microchip to con
trol and improve product quality levels as product 
moves through the manufacturing operation. Micro
chip's acceptance sampling plans in assembly empha
size the attempt to eliminate defective product as it is 
discovered. Acceptance and sampling plans are based 
on proprietary low fraction defective (<1000ppm) qual
ity statistics. 

To determine whether a process is within normal man
ufacturing variation, statistical techniques are put to 
work at selected process steps. In-process controls 
are performed by operators in the wafer fabrication and 
assembly operations. Operators take immediate cor
rective action if a process step is out of its control limlt. 
Through these in-line controls the true capability of a 
process is generated. (See Appendix A:ln Line Con
trols) 

Control of Customer Quality is attained through a sta
tistical program based on minimum defect capability 
levels. These levels are defined as the error levels 
associated with the circuit design and science limita
tions of the chemistry and physics of processing. 

Material controls prevent defective piece parts from 
getting into the line. Microchip's assembly material 
control sample plan is typical of the emphasis placed 
on safeguards. (See Appendix B:Material Controls 
Package). 

Testing for Margin 
Microchip conducts a product's initial test under strin
gent requirements. All quality assurance tests are run 
to tighter limits than customer specifications. As part of 
an outgoing quality assurance program, products are 
tested at least two machine tolerances tighter than 
those limits specified by the customer on every param
eter. Margin testing accounts for normal tolerances of 
any particular test system and provides the assurance 
that Microchip's products meet a customer's specifica
tions. 

Variation from Expectation 
Microchip works to make variation from target as small 
as possible. The better process is the one that holds 
the narrowest dispersion. Processes are targeted to 
maintain Cpk's of >1.5 and currently have typical val-

DS00047G-page 10-2 

ues of >2.0. Higher process capability values are con
tinually strived for indicating that better process control 
is being obtained. 

Outgoing Quality 
Quality Control samples all outgoing product from final 
testing. These samples measure in-line defect levels 
after screens have been applied. Root cause analysis 
follows, initiating technical change to effect continuous 
improvement. 

Programmability Yield 
Using programmable devices adds a complexity to the 
Quality Level interpretation. It is not unlikely that some 
programmable devices will not program. The program
mability yield is dependent on (but not limited to): pro
grammers, technology, array size, and handling. 

Any device that does not program properly will not be 
used in the end system. Therefore, programmability 
yields should not be used to calculate AQLs. 

For convenience, Microchip offers programming ser
vices for certain devices. This service is an advantage 
to the customer since it not only eliminates program
mability rejects, but also reduces the handling of the 
parts. See the individual data sheets for details on our 
Quick-Turnaround-Production (QTP) service. 

RELIABILITY 

Process Qualification 
No priority is more important than the one where pro
cesses under which Microchip products are built oper
ate without fail. All products are stressed beyond 
normal use limits when undergoing high temperature 
operating life and retention bake tests. This is done to 
ensure that the devices meet the strictest reliability 
guidelines and will maintain industry low failure rates. 

Package Qualification 
Package qualification measures a component's ability 
to withstand extreme thermal and mechanical stresses. 
All products are stressed to high level industrial speci
fications to ensure reliability. 

Ongoing Sampling of Key Reliability 
Variables 
Microchip conducts accelerated mechanical tests, 
operating life tests and memory retention tests to 
explore the many ways failures might occur. Data 
obtained from continuous testing is used to identify 
potential reliability problems and for defining action 
courses to improve product. Microchip's reliability 
knowledge is shared with customers. This data is 
available for use in customer's own quality and reliabil
ity improvement programs and is published in regular 
quarterly and yearly reports. 
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RELIABILITY CONCEPTS 

Definition 
Reliability is the probability of a system or circuit per
forming its predefined function adequately under spe
cific conditions for a given period of time. Thus, the 
reliability of a microcircuit is a function of both stress 
conditions and the time of operation. 

The reliability (or probability of survival) range runs 
from O (no chance of survival) to 1 (no chance of fail
ure). Current microelectronic circuits are manufac
tured and controlled to such tight specifications that 
reliability figures for the total operation time approach
ing 1 (i.e., 0.9999) are common. As a result, the com
plement of reliability, or the failure probability, is more 
often quoted in current literature. 

The failure rate is the rate at which failures occur on 
units surviving to a specific number of hours of opera
tion. Failure rates per unit circuit-hour would generally 
be very small. To avoid reporting such small numbers, 
failure rates have been defined for greater cir
cuit-hours. One thousand circuit-hours is defined as 
one circuit operating for one thousand hours, or 1,000 
circuits operating for 1 hour, etc. The numbers of cir
cuit-hours is the number of circuits multiplied by the 
number of operation hours for each circuit. 

Two methods to define failure rate are commonly used: 

• Percent failures per thousand circuit-hours 
• Absolute failures per billion.circuit-hours, or FITs. 

Note that a failure rate of 0.0001%/1000 hours and 
1 FIT are equivalent numbers. 

Bathtub Curve: Failure Rate Over Time 
The generic representational graph of failure rate vs. 
time takes the shape of a bathtub curve. (See 
Figure 1). 

The early failure rate (infant mortality) period starts 
from initial operation (time TO) and decreases as time 
goes on. 

Ttme T1 signifies the end of the infant mortality period. 
The next phase of the curve occurs between time T1 
and T2. This long period of time is distinguished by a 
nearly constant and very low failure rate. After T2 is 
passed, the failure rate starts to increase slowly. This 
last phase of failure rate vs. time is known as the 
wear-out period. 

Temperature Dependency 
In order to establish failure rates in a reasonable time, 
it is necessary to accelerate the incidence of the failure 
modes. Higher environmental stress levels than those 
encountered under normal conditions are needed. The 
accelerating parameter most employed is junction tem
perature, although voltage and humidity, for example, 
are also used. Higher temperatures are capable of 
accelerating many common failure modes dramatically. 
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Arrhenius Equation 
A number of mathematical models were developed to 
quan!Hy the relationship between accelerated failure 
rates and increased junction temperatures. The one 
model most commonly used employs the Arrhenius 
Equation. It is as follows: 

AF=e wherex= - ---x EA[1 1] 
' K TN TA 

AF Acceleration Factor (non-dimensional) 

e 2.718281828 ... 
(non-dimensional constant) 

EA Activation energy level (electron volts) 

k Boltzmann's constant = 8.6172 x 10-5 
(electron-volts/degree Kelvin) 

TN Normal junction temperature 
(degrees Kelvin) 

Accelerated junction 
(degrees Kelvin) 

temperature 

Thus, the time to achieve a certain probability of failure 
at time T1 under temperature TN can be compressed to 
T1 divided by AF at the accelerated temperature, TA. 

Note that for true acceleration, the acceleration factor 
AF is independent of the probability of the. fail point 
specified. 

AF, the dependent variable of the Arrhenius Equation is 
a function of several variables. TN and TA are specified 
for the situation under consideration. EA is a function of 
the particular mode of failure, and is determined by 
experimental evaluation. 

FIGURE 1: BATHTUB CURVE 
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Activation Energy Level 

Activation energy levels in semiconductors generally 
are in the 0.3 - 1.1 electron-volt range. Each failure 
mode has its own activation energy. Some typical 
examples are: 

FAl!.!.!RE MECHANISM .E.A.aYl 
Oxide/Dielectric Breakdown 0.3 

Electromigration 0.5 to 0.7 

Sur1ace Related Contamination 1.0 

lntermetallics 1.0 

Floating Gate Charge Loss 0.6to 1.2 

Hot Electron Trapping -.1 

Charge Trapping 0.12 

A compromise value of O .6 electron-volts is often used 
when there is no specific information relating to the fail
ure modes being accelerated. 

RELIABILITY TESTS 

Operating Life Test 
The Operating Life Test is run under dynamic bias con
ditions where inputs are clocked. The test is conducted 
at high temperature to accelerate the failure mecha
nisms. The normal temperature for the test is +125'C 
for 1,000 hours. Readouts occur at 168 and 1,000 
hours. Early hour failures are usually associated with 
manufacturing defects or otherwise marginal material. 

Retention Bake 
The Retention Bake Test is performed to accelerate 
data loss on floating gate devices. The test consists of 
unbiased baking at elevated temperature. Usually the 
test lasts for 1,000 hours at +150'C. The failure mech
anism that is accelerated is charge leakage from a 
stored element. 

Endurance Cycling 
Endurance Cycling establishes the number of times a 
device can be programmed and erased. Normally the 
test is conducted at rated temperature conditions and 
is followed by retention bake. The standard cycling at 
Microchip is done at 85°C using a page cycle mode and 
is followed by a bake of both a checkerboard and an 
inverse checkerboard of 48 hours at 150°C. 

Temperature Cycle 
The Temperature Cycle test simulates stresses which 
occur to systems during power up/power down 
sequences. The test is intended to reveal any deficien
cies resulting from thermal expansion mismatch of the 
die/package structure. Normally the test is conducted 
by cycling between -65'C and + 150'C in an air ambi
ent. Duration for the test is typically 500 cycles for both 
plastic and ceramic packages. Endpoint criteria are 
both electrical and visual/mechanical. 
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Thermal Shock 
The Thermal Shock test is similar to the Temperature 
Cycle test except that the ambient during cycling is liq
uid-to-liquid. This stimulates rapid thermal environ
mental changes. The mechanisms accelerated are 
identical to those in the Temperature Cycle test except 
that the Thermal Shock test is a more accelerated test 
with temperatures normally +125'C to -55'C. The 
number of cycles are 500 for qualification testing. 

Autoclave 
The autoclave test determines the survivability of 
devices in molded plastic packages to a hot, humid 
environment. The test exposes unbiased, plastic pack
aged devices to saturated steam at 121'C and 15 
pounds per square inch (one atmosphere) gauge pres
sure. The 168 or more hours of testing allows moisture 
to penetrate into the die. Chemical corrosion of the die 
metallization may occur if ionic contaminants are 
present and the die surface protection is deficient or 
damaged. Charge leaks from floating devices usually 
happen before a corrosion mechanism develops. 

Temperature Humidity Test 
The Temperature Humidity test determines the surviv
ability of devices in molded plastic packages function
ing in a hot, humid environment. By convention, test 
conditions are 85'C with 85% relative humidity. The 
parts are biased to lend themselves to electrochemical 
corrosion. The duration of the test is usually 1,000 
hours or more. The test checks the adequacy of the die 
surface protection and the plastic's lack of ionic impuri
ties. The applied bias is 5 volts on alternating pins or 
set up for minimum power to reduce internal heating 
and consequent moisture evaporation on the device. 
Similar to the Autoclave test, charge loss on floating 
gate devices is a principle failure mechanism. 

HAST 
The Highly Accelerated Stress Test is similar to the 
Temperature Humidity Test but with more stringent 
temperature exposure. Devices are subjected to 130°C 
with 85% relative humidity and an alternating bias of 5 
volts and ground on device pins. The duration of the 
test is 168 hours. This tests for ionic contamination and 
corrosion, but floating gate devices may also fail for 
charge loss, due to the high temperature. 
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QUALIFICATION CATEGORIES 

In general, qualification is required for new design, 
major changes in old design, process or material when 
either wafer fabrication or package assembly opera
tions are affected. Cross functional teams which 
include reliability develop new products for introduc
tion. In other areas, Microchip utilizes the concept of a 
Change Control Board which meets regularly to estab
lish which criteria is to be used for all specific proposed 
changes. This board is made up of representative lead
ers ot various groups and depanments throughout 
Microchip to insure all concerns are heard early during 
the process. 

QUALIFICATION PROGRAMS 

Qualifications guarantee changes to or new processes 
and technologies are properly evaluated for reliability 
performance. 

Reliability Monitoring 

Microchip's reliability monitoring program is a compre
hensive effort to measure the reliability of all process 
families with strict regularity. The program strives to 
improve performance through failure analysis and cor
rective action. Numerous screening procedures are 
used and estimates of product life and expected failure 
rates are provided. 

Typical tests and frequencies include: 

• Die Monitor on selected product for -

Dynamic Life 
- Retention Bake 

- Endurance 

• Periodic (weekly, monthly and quarterly) package 
monitors to evaluate: 

Mechanical stresses 
Alignment 
Temperature and moisture stresses 

- Corrosion resistance 
Marking permanency 

© 1995 Microchip Technology Inc. 
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APPENDIX A: IN LINE CONTROLS 

TABLE 1: CONTROLS - PLASTIC PACKAGE ASSEMBLY 

Responsibility Referenced 
Operation Action Sample Plan 

MIL-STD Quality Prod 

Die Visual Reject defectives 10% sample LTPD 10 - x MIL-STD-883C 
100% rescreen per x - Method 2010 
LTPD 

Wafer Saw Machine Shut Down One kerf per lot x - MIL-STD-883C 
Method 2010 

Die Attach Machine Shut Down 4X/Lot/Machine LTPD 15 x - NIA 

Wire Bond Machine Shut Down 1 o/o AOL each 1/2 shift x - Ml L-STD-883C 
Method 2010 

Post Wire Bond Reject defectives LTPD 15 x - MIL-STD-883C 
100% rescreen per Method 2010 
LTPD 

Mold Press Machine Shut Down One sample /4 hrs x - NIA 

Die Plating Reject defectives Every 4 hrs LTPD 10 x - NIA 
100% rescreen per 
LTPD 

Trim and Form Reject defectives Once/ 2 hrs LTPD 10 x - NIA 
100% rescreen per 
LTPD 

External Visual and Reject defectives 100% LTPD 2 - x MIL-STD-883C 
Documentation Verifi- 100% rescreen per x - Method 2010, 
cation LTPD Method 2016 
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TABLE 2: CONTROLS - CERAMIC PACKAGE ASS EMBLY 

Responsibility Referenced 
Operation Action Sample Plan MIL-STD Quality Prod 

Die Visual Reject defectives 10% LTPD 10 - x MIL-STD-883C 
100% rescreen per x - Method 2010 
LTPD 

Wafer Saw Machine Shut Down One kerf per lot x - MIL-STD-883C 
Method 2010 

Die Attach Machine Shut Down Non-destruct each 2 hrs x - MIL-STD-883C 
destruct each shift Method 2010 

Wire Bond Machine Shut Down 4X/shift/machine x - MIL-STD-883C 
Method 2010 

Preseal Visual Reject defectives 100% LTPD 15 - x MIL-STD-883C 
100% rescreen per x - Method 2010 
LTPD 

Package Seal Machine Shut Down LTPD 15 x - NIA 

Environmental Machine Shut Down LTPD5 x - MIL-STD-883C 
Stress Centrifuge 84(0) Method 2001 
Temp Cycle 84(0) Method 1010 

Fine Leak Reject defectives LTPD 5 x - MIL-STD-883C 
100% rescreen per Method 1014 
LTPD 

Gross Leak Reject defectives LTPD 5 x - MIL-STD-883C 
100% rescreen per Method 1014 
LTPD 

Lead Trim Reject defectives 100% LTPD 2 - x MIL-STD-883C 
100% rescreen per x - Method 2009 
LTPD 

External Visual and Reject defectives 100% LTPD2 - x MIL-STD-883C 
Documentation Verifi- 100% rescreen per x - Method 2010, 
cation LTPD Method 2016 

I 
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APPENDIX B: MATERIAL CONTROLS PACKAGE 

TABLE 3: MATERIALS CONTROLS- PLASTIC PACKAGE ASSEMBLY 

Responsibility Referenced . 
Operation Action Sample Plan 

MIL-STD Quality Prod 

Lead Frame Reject defectives Visual, LTPD 2 x - NIA 
100% rescreen per Functional, LTPD 10 
LTPD and material spec 

Die Attach Epoxy Reject Functional, LTPD 15 and x - NIA 
material spec 

Gold Wire Reject Per material spec x - NIA 

Molding Compound Reject Spiral flow, 3X/lot Fune- x - NIA 
tional, 1 Xllot and material 
spec 

TABLE 4: MATERIALS CONTROLS - CERAMIC PACKAGE ASSEMBLY 

Responsibility Referenced 
Operation Action Sample Plan 

MIL-STD Quality Prod 

Base/Lead Frame Reject 100% Visual, LTPD 10 x - MIL-M-38510 
rescreen per LTPD Functional, LTPD 10 

Bake test, LTPD 15 
Dimensions, L TPD 50 
and material spec 

Package Reject 100% Visual, LTPD 10 x - MIL-M-38510 
rescreen per L TPD Functional, LTPD 10 

Bake test, LTPD 15 
Dimensions, LTPD 50 
and material spec 

Preform Reject Visual, LTPD 10 x - MIL-M-38510 
Functional, L TPD 15 

Bond Wire Reject Per material spec x - MIL-M-38510 
2 spools/lot 

Lid Reject Visual, LTPD 7 x - MIL-M-38510 
Functional, LTPD 10 
and material spec 
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MICROCHIP 

Product Reliability 

OVERVIEW 
Microchio Technology lnc.'s products provide com-
petitive leadership in quality and reliability, with demon
strated perfonnance of less than 100 FITs (Failures in 
Time) operating life for most products. The designed-in 
reliability of Microchip's products are supported by 
ongoing reliability data monitors. This document pre
sents current data for your use - to provide you with 
results you can count on. 

The test descriptions included in this document explain 
Microchip's quality and reliability system. The product 
data demonstrates its results. 

The customer's quality requirements are Microchip's 
top priority. Ongoing customer feedback and device 
performance monitoring drive Microchip, leading to 
continuing improvements in the long-term quality and 
reliability. 

FAILURE RATE CALCULATION 
Extended field life is simulated by using high ambient 
temperature. In the semiconductor technology, high 
temperatures dramatically accelerate the mechanisms 
leading to component failure. Using performance 
results at different temperatures, an activation energy 
is determined using the Arrhenius equation. For each 
type of failure mechanism, the activation energy 
expresses the degree to which temperature increases 
the failure rate. 

The activation energy values determined by Microchip 
Technology agree closely with those published in the lit
erature. For complex CMOS devices in production at 
Microchip Technology, an activation energy of 0.6 eV 
has been shown to be representative of typical failures 
on operating life. This activation energy also applies to 
some of our retention bake failures, though most are 
1.2eV. By definition, failure is reached when a device 
no longer meets the data sheet specifications as a 
direct result of the reliability test environment to which 
it was exposed. Common failure modes for CMOS 
integrated circuits are identified for each test environ
ment. 

To establish a field failure rate, the acceleration factor 
is applied to the device operating hours observed at 
high temperature stress and extrapolated to a failure 
rate at 55"C ambient temperature in still air. 

The actual failure rate experienced could be consider
ably less than that calculated if lower device tempera
tures occur in the application board, such as would be 
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the case if a fan, a heat sink, or air flow by convection 
is used. 

Environment J Typical Failure Mechanism 

Operating Life Process parameter drift/shift 
Metal electromigration 
Internal leakage path 
Lifted bond/ball bond chip-out 

Temperature Cycle Lifted bond/ball chip-out 
Cracked die or surface cracks 
Bond pad corrosion 

Biased-Humidity Internal circuit corrosion 

Autoclave Inter-pin leakage 
Charge loss 

High Temp. Bake Charge loss 

High Temp. Charge gain, Parameter 
Reverse Bias drift/shift 

DEFINITIONS 
FIT (Failure In Time): Expresses the estimated field 
failure rate in number of failures per billion power-on 
device-hours. 100 FITS equals 0.01% fail per 1,000 
device-hours. 

Operating Life Test: The device is dynamically exer
cised at a high ambient temperature (usually 125"C) to 
quickly simulate field life. Derating from high tempera
ture, an ambient use condition failure rate can be calcu
lated. 

Temperature Cycle: The devices are exposed to 
severe extremes of temperature in an alternating fash
ion (-65"C for 15 minutes, 150"C for 15 minutes per 
cycle). Package strength, bond quality and consis
tency of assembly process are stressed using this envi
ronment. 

Biased-Humidity: Moisture and bias are used to 
accelerate corrosion-type failures in plastic packages. 
The conditions include 85"C ambient temperature with 
85% relative humidity. Typical bias voltage is +5 volts 
and ground on alternating pins. 

Autoclave (pressure cooker): Using a pressure of 
one atmosphere above atmospheric pressure, plastic 
packaged devices are exposed to moisture at 121·c. 
The pressure forces moisture permeation of the pack
age and accelerates related failure mechanisms, if 
present, on the device. 
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Thermal Shock: Exposes devices to extreme temper
atures from -55°C to +125°C by alternate immersion in 
liquid media. 

Retention Bake: A 150°C temperature stress is used 
to accelerate charge loss in the memory cell and mea
sure the data retention on the EPROM and EEPROM 
portions of the circuitry. 

HAST: Moisture, extreme heat and bias are used to 
accelerate corrosion and contamination in plastic pack
ages. The conditions are 130°C and 85% relative 
humidity. Typical bias voltage is +5 Volts and ground on 
alternating pins. 

RELIABILITY CONTROL SYSTEM 

A comprehensive qualification system ensures that 
released products are designed, processed, packaged 
and tested to meet both design functionality and strict 
reliability objectives. Once qualified, a reliability moni
tor system ensures that wafer fabrication and assembly 
process performance is stable over time. A set of base
line specifications is maintained that states which 
changes require requalification. These process 
changes can only be made after successful demonstra
tion of reliability performance. This system results in 
reliable field performance, while enabling the smooth 
phase-in of improved designs and product capability. 

RELIABILITY DATA SUMMARY 

Introduction 

This section provides a reliability summary of Microchip 
Technology's product. Included is reliability data and 
packaging information obtained over the recent past. 

Plastic Package Characteristics and Codes 

As part of an on going product program, Microchip 
Technology will apply its Quality and Reliability pro
cess in evaluating the latest developments in plastic 
packaging technology, and implement the highest reli
ability materials and assembly techniques. The plastic 
packages that are currently available from Microchip 
are listed in the table below. 

Package Description Identification Code 

Package Description Identification Code 

Plastic Leadless Chip Carrier L 

Plastic Dual In Line (600) p 

Plastic Dual In Line (300) SP 

Plastic SOIC (.150) SUSN 

Plastic SOIC (.207) SM 

Plastic SOIC (.300) so 
Plastic TSOP (8 x 20mm) TS 

Plastic SSOP (.207) SS 

FIGURE 1: RELIABILITY CONTROL SYSTEM DIAGRAM 

Specify: 

• Design objectives/specifica-
tions 

• Testability goals 

• Reliability requirements 

• Process/packaging require-
ments 

• Design guidelines 

Design: 

• Functional models 

• Logic design & verification 

• Circuit design & verification 

• Layout design & verification 

• Prototype verification 

• Performance characteriza-
tion 

Develop (as required): 

• Wafer fabrication processes 

• Package/packaging technol
ogy 

DS11008H-p&ge 10-10 

Confirm design objectives 
using qualification tests: 

• Operating life, 125°C ambi-
ent 

• Temp-cycle, -65°/150°C 

• Thermal shock, -65°/150°C 

• ESD, ± 2000 V HBM 

• ESD, ± 100V MM 

• Latch-up (CMOS devices) 

• Biased-humidity, 85°C/85% 

• Autoclave (pressure cooker) 
retention bake 

Assure Outgoing Quality Level: 

• Design release document 

• Baseline wafer fabrication pro-
cess 

• Baseline assembly process 

• Qualification release 

• Enter device to specification sys-
tem 

• Wafer-level reliability controls 

• Assembly reliability controls 

• Early failure rate sampling 

• Reliability monitoring 

• Statistical process control feed-
back 

• Audit specifications 

• Analyze returned failures 

• Requalify devices as needed for 
major changes such as ESD 
resistance enhancement, cost 
reduction/die shrink, process 
improvement, and new package 
types. 
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HIGH TEMPERATURE (125°C) 
DYNAMIC LIFETEST 

Graph set for EE PROM, PIC16/17 and EPROM 
for all conditions 

High temperature dynamic life testing accelerates ran
dom failure modes which would occur in user applica
tions. Voltage bias and address signals are used to 
exercise the device in a manner similar to user sys
tems. 

FIGURE 2: EEPROM DYNAMIC LIFE 
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FIGURE 3: EPROM DYNAMIC LIFE 
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FIGURE 4: PIC16/17 MICROCONTROLLER 
DYNAMIC LIFE 
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DATA RETENTION BAKE 
Data storage in applicable devices is done by develop
ing a charge on the floating gate structure in the mem
ory cell. Charge loss in this cell structure results in a 
conversion of zeroes to ones. In order to evaluate the 
level of this type of failure, devices are subjected to a 
150°C bake. This bake accelerates charge loss in the 
memory cell and 1000 hours at 150°C is equivalent to 
approximately 13.5 years in the field at 55°C. 

FIGURE 5: EEPROM RETENTION BAKE 
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FIGURE 6: EPROM RETENTION BAKE 
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FIGURE 7: PIC16/17 MICROCONTROLLER 
RETENTION BAKE 
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NOTE: Representation of reliability data typically 
shows calendar year grouping along the x-axis, except 
for 1993 which includes only first, second and third 
quarters. This provides the equal time interval normally 
expected for graphical presentation. However, 
Chi-square statistics demand equivalent device-hours 
for fair interval comparison. Such data grouping 
assures that relatively small sample sizes do not indi
cate unrepresentative FIT rates. 
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BIASED 85°/85% R.H. 

Microchip Technology evaluates plastic encapsulated 
devices ability to withstand high temperature, high 
humidity environments while under electrical bias. This 
is done by utilizing the industry standard test method 
known as 85/85. This stress is designed to create cor
rosion of the metal or internal device leakage if ionic 
contaminants are present but also may cause charge 
loss in memory cells. 

Operating Hours 

' Package 24 168 504 1008 

PDIP 0/5152 215152 215150 4/5148 

PLCC 0/3909 5/3909 213904 3/3902 

SOIC 0/4827 5/4827 1/4694 0/4693 

TSOP 0/377 0/377 0/377 0/377 

PCT (AUTOCLAVE) 
Originally, this test was designed to evaluate corrosion 
of bond pads due to penetrating moisture combining 
with contaminant residue on the metal surface. The 
corrosion failure rate for this test has become nearly 
zero and a new failure mode has surfaced. This is 
memory cell charge loss due to moisture penetration 
along the floating gate allowing a conduction path for 
removal of stored charge. This moisture path is 
between the seal of the metal and the passivation 
which can then be traced to the substrate near the 
edge.of the floating gate. This failure type is the primary 
mode in the data provided. 

Operating Hours 

Package 24 168 

PDIP 0/10199 5/10199 

PLCC 0/4978 4/4978 

SOIC 0/8764 718764 

TSOP 0/234 21234 
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TEMPERATURE CYCLING 

This thermal tests evaluates air to air rapid temperature 
change evaluating built in material stresses. This is a 
worst case simulation of system power up/ power 
down and is based on stringent military packaging 
requirements. 

Operating Results 

Package 15 Cycles 100 Cycles 500 Cycles 

PDIP 0/3112 3/2514 3/2054 

PLCC 0/1413 0/1275 1/907 

SOIC 0/1895 0/1665 0/837 

TSOP 0/234 0196 0/96 

SSOP 01240 0/194 0194 

VSOP 0146 010 010 

THERMAL SHOCK 
Thermal shock is the most extreme case of tempera
ture cycling by using liquid immersion for the technique 
to change the device environment. This accelerates 
any stress related failures with the rapidly changing 
gradient. After the temperature stressing a constant 
force centrifuge test is also preformed prior to final elec
trical testing to further uncover any defects that may 
have occurred under stress. 

Operating Results 

Package 15 Cycles 100 Cycles 500 Cycles 

PDIP 015700 213386 0/2682 

PLCC 0/2365 211487 7/1292 

SOIC 0/3422 0/2332 012056 

TSOP 0/330 0/234 0196 

SSOP 0/234 0/140 0194 

VSOP 0146 0146 010 

HAST (130°/85% R.H.) 
Highly Accelerated Stress Testing evaluates plastic 
encapsulated devices' ability to withstand extreme high 
temperature, high humidity environments while under 
electrical bias. This is done by a new method known as 
HAST. This stress is designed to create corrosion of the 
metal or internal device leakage if ionic contaminants 
are present but also may cause charge loss in memory 
cells. 

Operating Results 

Package 48 Hours 168 Hours 

PDIP 1/3707 1/2030 

PLCC 211542 0/1170 

SOIC 5/2784 3/2779 
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PRODUCT RELIABILITY DATA 

Operating Hours 

Device Operation 24 168 504 1008 Fails Device Hours 
FITS 

60% CL@55°C 

PIC16C57 DLT 0/11648 11/11648 0/5316 0/5316 11 6,422,304 47 

PIC16C56 DLT 0/9192 1/9192 1/3672 1/3671 3 4,628,736 22 

PIC16C55 DLT 0/9215 1/9215 1/4562 2/4561 4 5,380,200 23 

PIC16C54 DLT 1/13424 1/13423 3/7334 1/7331 6 8,415,792 21 

PC16C84 DLT 0/1305 0/1305 0/1023 1/1023 1,078,560 45 

PIC16C57 BAKE 0/13092 0/13092 1/2788 0/2787 4,541,376 4 

PIC16C56 BAKE 0/11136 2/11136 0/2280 0/2280 2 3,786,048 7 

PIC16C55 BAKE 0/9887 1/9887 1/2823 1/2822 3 4,032,336 9 

PIC16C54 BAKE 0/15938 2/15938 1/4689 0/4688 3 6,616,344 5 

PIC16C84 BAKE 0/485 0/485 0/485 0/485 0 488,880 <1 

Operating Hours 

Device Operation 24 168 504 1008 Fails Device Hours 
FITS 

60% CL@55°C 

24CXX DLT 0/18597 1/18597 2/5735 4/5733 7 7,941,696 25 

93CXX DLT 2/6993 4/6991 0/2601 0/2601 6 3,359,664 52 

24LCXX DLT 0/15164 3/15164 2/8427 3/8425 8 9,626,232 24 

93LCXX DLT 017771 5/7771 3/3188 2/3185 10 3,983,448 69 

28C16 DLT 0/2681 212681 0/1071 0/1071 2 1,350,048 55 

28C64 DLT 1/5800 4/5799 0/2586 0/2586 5 3,146,640 48 

24CXX BAKE 2114345 1/14343 1/3600 2/3599 6 5,433,960 <1 

93CXX BAKE 0/6320 0/6320 0/1425 0/1425 0 2,258,760 < 1 

24LCXX BAKE 0/11842 0/11842 0/5004 1/5004 1 6,192,816 <1 

93LCXX BAKE 0/6969 0/6969 0/3192 0/3192 0 3,852,072 < 1 

28C16 BAKE 1/3840 213839 21797 1/795 6 1,314,600 <1 

28C64 BAKE 0/3942 26/3942 1/1144 1/1143 28 1,623,216 

Operating Hours 

Device Operation 24 168 504 1008 Fails Device Hours 
FITS 

60% CL@55°C 

27HC256 DLT 0/2316 1/2316 1/1166 0/1165 2 1,368,528 54 

27C256 DLT 1/9666 4/9665 0/2028 0/2028 5 3,327,408 45 

27C512 DLT 0/3658 4/3658 0/1260 0/1260 4 1,672,944 75 

27HC256 BAKE 0/2656 5/2656 1/627 0/626 6 972,888 64 

27C256 BAKE 2/9905 3/9903 0/2478 1/2478 6 3,745,560 17 

27C512 BAKE 2/3334 16/3332 1/570 21569 21 1,038,912 188 

Operation Legend: DLT- Dynamic Life Test (125°C) Bake -Retention Bake (150°C) 

DS11008H-page 10-14 © 1995 Microchip Technology Inc. 



MICROCHIP 

EEPROM Endurance 

INTRODUCTION 

A unique feature of non-volatile memory devices is the 
dual requirement both to change and to maintain data 
states. It is this combination of requirements that pro
vides the contrasting nature that defines the complexi
ties involved in change and maintaining such change. 
Anything that enhances the physics to allow a data 
state change in contrast degrades the retention of that 
change. It also holds that any retention enhancements 
inhibit the data changing capabilities. A balance must 
be struck between the combinations to achieve the field 
requirements of customer applications. 

Erase/Write cycling has many variables which greatly 
effect the lifetime of the device. To accurately make 
comparisons between specifications and the actual 
requirements, or any other comparisons, these factors 
must be well understood and taken into account. 

TECHNOLOGY OVERVIEW 

Silicon Technology 
The basic technology employed by Microchip Technol
ogy for EEPROM's is a FLOTOX structure as drawn 
below. This is a an industry standard architecture base 
which has been enhanced by Microchip to provide 
improvements to the quality and reliability of the 
devices produced. 

Memory Cell Gate 

~Poly-Silicon, Level 2~ 

Inter-Level Dielectric 

90 Ang Td Oxide 
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Circuit Technology 

These cells are then structured in either an 8 or 16 bit 
word organization !or data storage with between 32 
words (256 byte device) and 8K words (64K device) 
using standard binary decoding schemes found indus
try wide on memory devices. Data can then be trans
mitted either into the device for storage or read from the 
device when needed along a single DATA pin, (12C bus) 
or a dual Data in/Data out configuration (3-wire bus). 
The device has no restriction on the number of read 
cycles that can be processed per byte without damage 
but the storage process does have finite limitations. 

Currently two different schemes of error correction are 
being utilized on Microchip EEPROM's. The 24CXX, 
93CXX, 85CXX, 59CXX and 28CXX device types uti
lize a modified Hamming code redundancy scheme 
with four parity bits per eight bit byte. This has been the 
industry standard correction scheme for enhancement 
of cycling lifetimes by eliminating single bit per word 
errors. An alternative approach has been developed 
utilizing an AND cell concept of redundant memory 
cells. This further enhances the write/erase lifetime 
over the Hamming code and has been implemented on 
the 24LCXX and 93LCXX circuits. 

Row Select Transistor 

~Poly-Silicon, Level 2~ 
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Reliability Endurance 

The endurance failure rate curve for the Microchip 
devices is presented in the standard form for this curve 
from EEPROM FLOTOX manufacturers. Microchip 
does write/erase cycle all EEPROM devices prior to 
shipment to remove the infant mortality endurance fail
ures from the population. This characteristic curve, with 
two failure increase sections, is shown below for refer
ence. Both sections have single bits failing as the dom
inant mechanism. 

The first of the failure increase sections is usually 
related to breakdown of oxides from latent oxide 
defects that are inherent to any process. These oxides 
have reached a time dependent dielectric breakdown 
condition and permanently rupture. This generally char
acterizes the first 200K write/erase cycles under any 
conditions. The second curve is the standard trap up of 
electrons within the tunnel dielectric which closes the 
write/erase threshold window until the device no longer 
adequately programs or erases. 

This curve depends on multiple parameters, but the 
trap up failure increase portion often does not occur 
until ten million write/erase cycles or greater. 

The first failures from endurance cycling and the long 
term end of life failures are due to different mecha
nisms. 

The failures from 200K to SOOK cycles have historically 
been attributed to ''fast trap up" around the industry. 
Analysis at Microchip has shown that these failures are 
not actually trap up but oxide breakdown in nature. 
They most often manifest themselves as single bit 
charge loss or charge pump failure, both due to the for
mation of a conductive path within the gate oxide layer. 

These oxide breakdown failures can be related to 
defects of three types of categories. 

Type 1 is a residual chemical stain left behind on the 
wafer after processing due to an inadequate rinse. 
These are very difficu It to physically detect and are best 
inferred from a pattern of bits (a bit cluster) that fail. 

ERASE/WRITE CYCLES 
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Type 2 is a physical defect which can be found upon 
microscopic or SEM analysis resulting in the failure. 
This is most often a particle, polysilicon nodule or metal 
short. 

Type 3 is a physical defect with low activation energy 
that cannot be detected until end of life evaluation 
because of it's change in state (subsequent consump
tion) during latter processing steps. 

The end of life mechanism is called "oxide trap up". This 
is where the tunnel dielectric oxide layer loses it's ability 
to pass charge and begins to retain some portion of the 
charge that it passes to the floating gate. These excess 
electrons within the oxide act as a charge shield, result
ing in insufficient charge movement while significantly 
raising the voltage required to continue transmitting a 
constant charge level. Since the programming voltage 
is not adjustable this results in less charge movement 
for either the write or erase state. These states, 
whether charged negatively or charged positively, 
approach a central point and become indistinguishable 
to the detection circuitry of the device. This results in a 
failure to read the correct pattern, (impossible to distin
guish between a programmed one and a programmed 
zero) beginning with the extreme voltage values of the 
operating specification. 

Microchip strives to offer the lowest failure rate for both 
early life and wearout fails. Early fails in Microchip 
products are in the PPM range, and wearout does.not 
set in most applications until after ten million cycles. 

MEASUREMENT OF CYCLING 

Microchip Technology defines a device lifetime in the 
strictest sense, that is, stated lifetime has to exhibit the 
truest correlation to customer results. All units shipped 
from Microchip have Error Correction circuitry engaged 
for customer use. Error Correction amends any one 
error per byte for Hamming and one error per bit for 
AND cell which allows the device to read correct data. 
An endurance failure is determined when any one bit is 
not capable of being correctly written and maintained in 
that state indefinitely. 

The device lifetime is defined when a specified percent
age of devices, (Microchip currently uses a cumulative 
2.5 percent), have a customer detectable error under 
worst case operating conditions. 

Ongoing monitors are acquired from every wafer lot of 
material manufactured for shipment. Samples are sub
jected to byte cycling of a checkerboard pattern at 85°C 
in rapid succession to the specified number of guaran
teed cycles. These units then are baked in both check
erboard and inverse checkerboard forms and 
electrically tested to ensure that data sheet require
ments are met. This data is accumulated on a monthly 
basis and reviewed to measure both results of continu
ous improvement.programs and conformance against 
the device standards. 
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ENDURANCE VARIABLES 

a) Temperature: Within the FLOTOX technology, 
temperature has an inverse effect on the endur
ance of a EEPROM device. The activation 
energy of these cycling failures is approximately 
0.15 eV. The long term trap up portion of the 
curve is worsened by temperature to a greater 
extent than the early fails due to the difficult fail
ure mechanisms that are activated. 

b) Delay between cycles: This has been reported 
in the industry ai; having an enhanced effect or. 
the lifetime of EE PROM devices. For some tech
nologies this does have a positive effect, how
ever, this is not strictly the case for FLOTOX 
manufacturers. While the second failure rate 
increase period (associated with end of life) may 
be impacted by this due to a decreased rate of 
electron trapping, the first failure rate is actually 
not impacted by this variable. 

c) Write timing: The decrease in write time to the 
device correlates directly with write/erase 
cycling failure rate of the device. This shorter 
pulse reduces the cell time at voltage which then 
provides an enhanced life prior to the occur
rence of a time dependent oxide breakdown. It 
also passes fewer electrons through the oxide 
providing less potential trapping possibilities 
while maintaining adequate margins for the writ
ten state. 
Please note that the rise time of the signal, 
which the customer does not have control over 
is also a dominant effect. 

d) Vee voltage: The higher voltages generate 
higher fields within the device. This causes more 
stress which is offset by the operational increase 
of internal timers and actually shortens the write 
time of the device. 

Lower voltages this has the opposite effects on 
the individual parameters except in cycles obvi
ously where the write timer is externally con
trolled. This overall effect is minor compared to 
the others in magnitude on the failure rate curve 
and is variable over the customer operating 
range with a maximum at Vcc=S.5 Volts. 

e) Pattern effect: The pattern that is programmed 
in the device does play a first order role in the 
overall lifetime. The act of programming a non
volatile memory inflicts damage on the device 
that cannot be repaired. This damage is the 
result of exposure to high electric fields which 
over a period of time either breakdown or trap up 
the effected oxide causing failures. The act of 
writing a cell from a one to a zero provides the 
maximum amount of stress by exercising the 
charge pump and passing electrons through the 
tunnel dielectric. (Please note that to write a zero 
even from a zero state causes an automatic byte 
erase prior to the write converting the bit to a one 
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and returning it to it's original state!) Conversely 
writing a one from a one then passes no charge 
through the cell and therefore does no damage 
to the cell but does stress the charge pump. 

From an array standpoint, this would allow a 
checkerboard/ inverse checkerboard patterned 
device to endure twice the number of write 
cycles that an all zero patterned device would 
last. In general this appears to be approximately 
correct but does neglect the charge pump and 
other peripheral wearout mechanisms. 

f) Cycling mode: Three modes exist in Microchip 
devices that are primarily used for endurance 
evaluations. The byte write mode (one single 
byte written at a time) is the standard mode used 
by the customer in the field. A second technique 
exists called block mode which exercises all the 
cells of the array simultaneously. The lifetime 
expectations are approximately ten times as 
long for these block cycled devices as equiva
lently cycled byte cycled circuits based on 
experimental findings. This effect has been 
traced back to the rise time of the programming 
signal at the memory cell. The faster this voltage 
rise occurs, the more damage occurs and the 
shorter the lifetime. The block mode has a much 
slower rise time given the entire array being uti
lized provides a much larger resistive/capacitive 
load which slows the signal rise ultimately result
ing in the greater lifetime. Please note that the 
page mode which can be utilized by the custom
ers falls between the block and byte modes with 
respect to failure rate. Page mode offers the 
best balance of endurance and write cycle 
times. 

g) Array Size: This effect is a direct result of how 
fast most devices will fail due to a single bit not 
working simply due to the number of bits 
involved. This is not exactly double the failure 
rate with a doubling of the memory size since 
some circuits fail within the charge pump or 
decoding circuitry sections and are therefore not 
directly related to array size. 
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FIELD RESULTS 

Microchip Technology, after significant experimenta
tion, has developed a model of the Endurance failure 
rates as a function of all the variables listed above. This 
model is available to the .customer in the folT)1 of a dis
kette called Total Endurance™. This allows the cus
tomer to bypass confusing information and conditions 
other than their application and. directly predict the fail
ures seen in their application conditions within a few 
percent. This also allows the customer to adjust operat
ing parameters and immediately evaluate the impact on 
the results of the final system. Results for a typical 
application (obtained from the Total Endurance model 
are listed at right for reference). 

DS21055B-page 10-18 

Device 
Application Cum Percent LHe 

24.C02A 10 years 154 PPM 

24C04A 10 years 172 PPM 

93C46 10 years 136 PPM 

24LC02B 10 years 108 PPM 

24LC04B 10 years 131 PPM 

24LC16B 10 years 668 PPM 

93LC46B 10 years 374 PPM 

93LC56B 10 years 108 PPM 

24LC65HE 10 years 131 PPM 

24LC65SE 10 years 4061 PPM 

Typical conditions used are 25°C, Byte mode operation 
with 24 cycles per day, Vee = 4.5 Volts with a random 
pattern writing one quarter of the array at each occa
sion. The failure rates quoted are the expected failure 
rate at the end of the application life using an unlimited 
number of read cycles. For more information on Endur
ance, it is recommended that the user obtain a copy of 
Total Endurance. 
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MICROCHIP PACKAGING 
Commercial/Industrial Outlines and Parameters 

PART NUMBER SUFFIX DESIGNATIONS: 
xxxxxxxxxx - xx X/XX xxx 

I L QTP, SQTP, or ROM Code or Special Requirements 

Case Outline 
D =Ceramic 

Examples: 

27C256T- 15VJ 
PIC16C54 - RCVSO 

J = CERDIP (with window if EPROM) - all products except Microcontrollers 
K = LCC (Ceramic Leadless Chip Carrier, not thermally enhanced) 
L = PLCC (Plastic Leaded Chip Carrier) 
P = Plastic DIP 
S = Die in Waffle Pack 
W = Die in Wafer Form 
CB = COB (Chip-on-Board) 
JN = CERDIP, no window - for Microcontrollers only 
JW = CERDIP, windowed - for Microcontrollers only 
PQ = Plastic Quad Flat Pack (PQFP) - Metric 
SJ = Skinny CERDIP 
SL = 14-Lead Small Outline 150 mil 
SM = 8-Lead Small Outline 207 mil 
SN = 8-Lead Small Outline 150 mil 
SO = Small Outline 300 mil 
SP = Skinny Plastic Carrier 
SS = Shrink Small Outline Package 
TS = Thin Small Outline (TSOP) 8 mm x 20 mm 
VS =Very Small Outline (VSOP) 8 mm x 13.4 mm 

----Process Temperature 
Blank = 0°c to +70°C 
I = -40°C to +85°C 
E = -40°C to + 125°C 

-----Speed (EPROM/High Density EEPROM) Crystal Frequency Designator 
for PIC16/17 Microcontrollers 

-55 = 55 ns 
-70 = 70 ns 
-90 = 90 ns 
-10 = 100 ns 
-12 = 120 ns 
-15 = 150 ns 
-17 =170ns 
-20 = 200 ns 
-25 = 250 ns 
-30 = 300ns 

'-------OPTION 
=twc=1ms 

F =twc=200µs 
X = Rotated pinout 
T = Tape and Reel 

'----------Device Type (Up to 10 Digits) 
C = Indicates CMOS 
LC = Indicates Low Power CMOS 
AA = 1.8V 
LV = Low Voltage 
HC = High Speed 
LCS = Low Power Security 

© 1995 Microchip Technology Inc. 

LP = Low Power Crystal 
RC = Resistor Capacitor 
XT = Standard Crystal/Resonator 
HS = High Speed Crystal 
-04 = 4 MHz 
-10 = 10MHz 
-16 = 16 MHz 
-20 =20MHz 
-25 =25MHz 
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Packaging Diagrams and Parameters 
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Packaging Diagrams and Parameters 

Ceramic Side Brazed Dual In-Line Family 

Symbol List for Ceramic Side Brazed Dual In-Line Package Parameters 

Symbol Description of Parameters 

a Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seating plane to highest point of body (lid) 

A1 Distance between seating plane and base plane 

A2 Distance from base plane to highest point of body (lid) 

A3 Base body thickness 

B Width of terminal leads 

B1 Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 

c Thickness of terminal leads 

D Largest overall package parameter of length 

D1 Body length parameter - end lead center to end lead center 

E Largest overall package width parameter outside of lead 

E1 Body width parameters not including leads 

eA Linear spacing of true minimum lead position center line to center line 

eB Linear spacing between true lead position outside of lead to outside of lead 

e1 Linear spacing between center lines of body standoffs (terminal leads) 

L Distance from seating plane to end of lead 

N Total number of potentially usable lead positions 

s Distance from true position center line of Number 1 lead to the extremity of the body 

S1 Distance from other end lead edge positions to the extremity of the body 

Notes: 

1. Controlling parameter: inches. 

2. Parameter "e1" ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 

4. Parameter "B1" is nominal. 
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Packaging Diagrams and Parameters 

Package Type: 8-Lead Ceramic Side Brazed Dual In-Line (300 mil) 

N 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max 

a oo 100 oo 100 

A 3.302 3.937 0.130 0.155 
A1 0.635 1.143 0.025 0.045 

A2 2.032 2.794 0.080 0.110 

A3 1.778 2.413 0.070 0.095 
B 0.406 0.508 0.016 0.020 

B1 1.371 1.371 Typical 0.054 0.054 

c 0.228 0.305 Typical 0.009 0.012 
D 13.004 13.412 0.512 0.528 

01 7.416 7.824 Reference 0.292 0.308 
E 7.569 8.230 0.298 0.324 

E1 7.112 7.620 0.280 0.300 

e1 2.540 2.540 Typical 0.100 0.100 

eA 7.620 7.620 Reference 0.300 0.300 

eB 7.620 9.652 0.300 0.380 

L 3.302 3.810 0.130 0.150 
N 8 8 8 8 
s 2.540 3.048 0.100 0.120 

S1 0.127 - 0.005 -
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Notes 

Typical 

Typical 

Reference 

Typical 

Reference 
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Packaging Diagrams and Parameters 

Package Type: 14-Lead Ceramic Side Brazed Dual In-line (300 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a oo 100 oo 100 

A 3.302 4.064 0.130 0.160 

A1 0.635 1.143 0.025 0.045 

A2 2.032 2.794 0.080 0.110 

A3 1.778 2.413 0.070 0.095 

B 0.406 0.508 0.016 0.020 

B1 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.203 0.305 Typical 0.008 0.012 Typical 

D 18.796 19.228 0.740 0.757 

01 15.036 15.444 Reference 0.592 0.608 Reference 

E 7.620 8.382 0.300 0.330 

E1 7.061 7.570 0.278 0.298 

e1 2.362 2.744 Typical 0.093 0.108 Typical 

eA 7.366 7.874 Reference 0.290 0.310 Reference 

eB 7.620 9.652 0.300 0.380 

L 3.175 4.191 0.125 0.165 

N 14 14 14 14 

s - 2.490 - 0.098 

81 0.127 - 0.005 -
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MICRDCHll=I 

Packaging Diagrams and Parameters 

Package Type: 16-Lead Ceramic Side Brazed Dual In-line (300 mil) 

N 

""'_j~'+JJJ 
Plane"'-- ; ~_J_J ___ r _____ 1_ 
~~~t~ng - -: ! :-- --- -- --- --- -- ! -- ! ---tT-- ,---r 
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B -.: : :...._ : 

: 01 : 

Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a oo 100 oo 10° 
A 3.302 4.064 0.130 0.160 

A1 0.635 1.143 0.025 0.045 

A2 2.032 2.794 0.080 0.110 
A3 1.778 2.413 0.070 0.095 
B 0.406 0.508 O.Q16 0.020 

81 1.371 1.371 Typical 0.054 0.054 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 

0 19.812 20.574 0.780 0.810 
01 17.653 17.907 Reference 0.695 0.705 Reference 
E 7.620 8.382 0.300 0.330 

E1 7.162 7.470 0.282 0.294 

e1 2.413 2.667 Typical 0.095 0.105 Typical 

eA 7.366 7.874 Reference 0.290 0.310 Reference I 
eB 7.620 9.652 0.300 0.380 
L 3.175 4.191 0.125 0.165 

N 16 16 16 16 

s - 2.032 - 0.080 
S1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Ceramic Side Brazed Dual In-line (300 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a oo 10° oo 100 

A 3.302 4.064 0.130 0.160 

A1 0.635 1.143 0.025 0.045 

A2 2.032 2.794 0.080 0.110 

A3 1.778 2.413 0.070 0.095 

B 0.406 0.508 O.Q16 0.020 

81 1.371 1.371 Typical 0.054 0.054 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 

D 22.352 23.114 0.880 0.910 

D.1 20.193 20.447 Reference 0.795 0.805 Reference 

E 7.620 8.382 0.300 0.330 

E1 7.061 7.570 0.278 0.298 

e1 2.413 2.667 Typical 0.095 0.105 Typical 

eA 7.366 7.874 Reference 0.290 0.310 Reference 

eB 7.620 9.652 0.300 0.380 

L 3.175 4.191 0.125 0.165 

N 18 18 18 18 

s - 2.490 - 0.098 
$1 0.127 - 0.005 -
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Packaging Diagrams and Parameters 

Package Type: 22-Lead Ceramic Side Brazed Dual In-line (400 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max 

a oo 10° oo 10° 

A 2.667 4.064 0.105 0.160 

A1 0.711 1.220 0.028 0.048 

A2 2.032 3.302 0.080 0.130 

A3 1.778 2.921 0.070 0.115 

8 0.431 0.585 0.017 0.023 

81 1.016 1.016 Typical 0.040 0.040 

c 0.228 0.305 Typical 0.009 0.012 

0 27.152 27.864 1.069 1.091 

01 25.296 25.604 Reference 0.992 1.008 

E 10.160 10.922 0.400 0.430 

E1 9.728 9.983 0.383 0.393 

e1 2.336 2.744 Typical 0.092 0.108 

eA 9.906 10.414 Reference 0.390 0.410 

e8 10.160 12.192 0.400 0.480 

L 3.175 4.191 0.125 0.165 

N 22 22 22 22 

s - 2.032 - 0.080 

S1 0.127 - 0.005 -

© 1995 Microchip Technology Inc. 
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Notes 

Typical 

Typical 

Reference 

Typical 

Reference m 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic Side Brazed Dual In-line (600 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

IX oo 10° oo 100 

A 3.048 4.445 0.120 0.175 

A1 1.016 1.524 0.040 0.060 

A2 2.032 2.921 0.080 0.115 

A3 1.778 2.540 0.070 0.100 

B 0.406 0.508 O.Q16 0.020 

81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 

D 30.175 30.745 . 1.188 1.212 

01 27.736 28.144 Reference 1.092 1.108 Reference 

E 14.986 16.002 0.590 0.630 

E1 14.782 14.936 0.582 0.588 

e1 2.336 2.744 Typical 0.092 0.108 Typical 

eA 14.986 15.748 Reference 0.590 0.620 Reference 

eB 14.986 16.256 0.590 0.640 

L 3.302 4.064 0.130 0.160 

N 24 24 24 24 

s - 2.540 - 0.100 

S1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a oo 100 oo 100 

A 3.048 4.445 0.120 0.175 

A1 1.016 1.524 0.040 0.060 

A2 2,032 2.921 0.080 0.115 

A3 1.778 2.540 0.070 0.100 

B 0.406 0.508 0.016 0.020 

81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 

0 30.175 30.785 1.188 1.212 

01 27.736 28.144 Reference 1.092 1.108 Reference 

E 14.986 16.002 0.590 0.630 

E1 14.782 14.936 0.582 0.588 

e1 2.336 2.744 Typical 0.092 0.108 Typical m 
eA 14.986 15.748 Reference 0.590 0.620 Reference 

eB 14.986 16.256 0.590 0.640 

L 3.302 4.064 0.130 0.160 

N 24 24 24 24 

s - 2.540 - 0.100 

S1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Side Brazed Dual In-Line with Window (300 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max 

ex oo 10° oo 10° 
A 3.937 5.030 0.155 0.198 

A1 1.016 1.524 0.040 0.060 
A2 2.921 3.506 0.115 0.138 
A3 1.930 2.388 0.076 0.094 
B 0.406 0.508 0.016 0.020 

81 1.219 1.321 Typical 0.048 0.052 
c 0.228 0.305 Typical 0.009 0.012 
D 35.204 35.916 1.386 1.414 
01 32.893 33.147 Reference 1.295 1.305 
E 7.620 8.128 0.300 0.320 

E1 7.366 7.620 0.290 0.300 
e1 2.413 2.667 Typical 0.095 0.105 
eA 7.366 7.874 Reference 0.290 0.310 
eB 7.594 8.179 0.299 0.322 
L 3.302 4.064 0.130 0.160 
N 28 28 28 28 
s 1.143 1.397 0.045 0.055 

S1 0.533 0.737 0.021 0.029 

c 

Notes 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Side Brazed Dual In-line (600 mil) 

-----es ___ ., 

01------

Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a oo 100 oo 10° 
A 3.048 4.064 0.120 0.160 

A1 1.016 1.524 0.040 0.060 

A2 2.032 2.921 0.080 0.115 

A3 1.778 2.540 0.070 0.100 
B 0.457 0.508 0.018 0.020 

81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 

0 35.204 35.916 1.386 1.414 

01 32.816 33.224 Reference 1.292 1.308 Reference 

E 14.986 16.002 0.590 0.630 

E1 14.782 15.190 0:582 0.598 

e1 2.489 2.591 Typical 0.098 0.102 Typical 

eA 14.986 15.494 Reference 0.590 0.610 Reference m 
eB 14.986 16.256 0.590 0.640 
L 3.302 4.064 0.130 0.160 

N 28 28 28 28 

s - 2.540 - 0.100 

81 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 

·~:he 
,'·' ~eA~ ,,i 

... • >-------- es ----

8 -~iT°~s1 --:!~ __ 1 ___ 1 
___ LL ase ---- __ J __ 

Plane"'-- ; ; ; : _J__ ---r-----f 
~~~~g - -1 i r-- -- --- --- ----- -- --- l -- l ----tT-T--r 

:1 :<•- ~ e1 ~-TA1 A3 A A2 

01------

Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A 3.048 4.064 0.120 0.160 
A1 1.016 1.524 0.040 0.060 

A2 2.032 2.921 0.080 0.115 
A3 1.778 2.540 0.070 0.100 
8 0.457 0.508 0.018 0.020 
81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 

D 35.204 35.916 1.386 1.414 
01 32.816 33.224 Reference 1.292 1.308 Reference 

E 14.986 16.002 0.590 0.630 
E1 14.782 15.190 0.582 0.598 
e1 2.489 2.591 Typical 0.098 0.102 Typical 

eA 14.986 15.494 Reference 0.590 0.610 Reference 

eB 14.986 16.256 0.590 0.640 

L 3.302 4.064 0.130 0.160 

N 28 28 28 28 

s - 2.540 - 0.100 

S1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Ceramic Side Brazed Dual In-line (600 mil) 

N 

-----es ----

01------, 

Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a oo 10° oo 10° 
A 3.048 4.445 0.120 0.175 

A1 1.016 1.524 0.040 0.060 
A2 2.032 2.921 0.080 0.115 
A3 1.829 2.235 0.072 0.088 
B 0.406 0.508 0.016 0.020 
61 1.270 1.270 Typical 0.050 0.050 Typical 
c 0.228 0.305 Typical 0.009 0.012 Typical 
0 50.546 51.308 1.990 2.020 

01 48.056 48.463 Reference 1.892 1.908 Reference 
E 15.240 16.256 0.600 0.640 

E1 14.478 15.748 0.570 0.620 
e1 2.336 2.744 Typical 0.092 0.108 Typical 
eA 15.240 15.240 Reference 0.600 0.600 Reference m 
eB 14.986 16.256 0.590 0.640 
L 3.302 4.064 0.130 0.160 
N 40 40 40 40 

s - 2.490 - 0.098 
S1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a oo 10° oo 100 

A 3.048 4.445 0.120 0.175 
A1 1.016 1.524 0.040 0.060 

A2 2.032 2.921 0.080 0.115 
A3 1.829 2.235 0.072 0.088 
8 0.406 0.508 O.Q16 0.020 

81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 
D 50.546 51.308 1.990 2.020 

01 48.056 48.463 Reference 1.892 1.908 Reference 
E 15.240 16.256 0.600 0.640 

E1 14.478 15.748 0.570 0.620 

e1 2.336 2.744 Typical 0.092 0.108 Typical 

eA 15.240 15.240 Reference 0.600 0.600 Reference 

e8 14.986 16.256 0.590 0.640 
L 3.302 4.064 0.130 0.160 
N 40 40 40 40 

s - 2.490 - 0.098 
81 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 48-Lead Ceramic Side Brazed Dual In-line (600 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a: oo 10° oo 10° 

A 3.048 4.445 0.120 0.175 

A1 1.016 1.524 0.040 0.060 

A2 2.032 2.921 0.080 0.115 

A3 1.829 2.235 0.072 0.088 
B 0.406 0.508 0.016 0.020 

81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 

0 60.350 61.570 2.376 2.424 

01 58.216 58.624 Reference 2.292 2.308 Reference 

E 15.240 16.256 0.600 0.640 

E1 14.478 15.748 0.570 0.620 

e1 2.336 2.744 Typical 0.092 0.108 Typical 

eA 15.240 15.290 Reference 0.600 0.600 Reference m 
eB 14.986 16.256 0.590 0.640 

L 3.302 4.064 0.130 0.160 

N 48 48 48 48 

s - 2.490 - 0.100 

S1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Ceramic CERDIP Dual In-Line Family 

Symbol List for Ceramic CERDIP Dual In-Line Package Parameters 

Symbol Description of Parameters 

a Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seating plane to highest point of body (lid) 

A1 Distance between seating plane and base plane 

A2 Distance from base plane to highest point of body (lid) 

A3 Base body thickness 

B Width of terminal leads 

B1 Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 

c Thickness of terminal leads 

D Largest overall package parameter of length 

01 Body length parameter - end lead center to end lead center 

E Largest overall package width parameter outside of lead 

E1 Body width parameters not including leads 

eA Linear spacing of true minimum lead position center line to center line 

eB Linear spacing between true lead position outside of lead to outside of lead 

e1 Linear spacing between center lines of body standoffs (terminal leads) 

L Distance from seating plane to end of lead 

N Total number of potentially usable lead positions 

s Distance from true position center line of Number 1 lead to the extremity of the body 

81 Distance from other end lead edge positions to the extremity of the body 

Notes: 

1. Controlling parameter: inches. 

2. Parameter "e1" ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 

4. Parameter "B1" is nominal. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Ceramic CERDIP Dual In-line (300 mil) 
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Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a. oo 10° oo 10° 

A - 5.080 - 0.200 

A1 0.381 1.524 O.Q15 0.060 

A2 - - Ref.A3 - - Ref.A3 

A3 3.810 4.445 0.150 0.175 

B 0.355 0.585 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 

0 9.398 10.287 0.370 0.405 

01 7.620 7.620 Reference 0.300 0.300 Reference 

E 7.620 8.255 0.300 0.325 

E1 5.588 7.874 0.220 0.310 

e1 2.540 2.540 Typical 0.100 0.100 Typical 

eA 7.366 8.128 Reference 0.290 0.320 Reference 

eB 7.620 10.160 0.300 0.400 

L 3.175 3.810 0.125 0.150 m 
N 8 8 8 8 

s 0.508 1.397 0.020 0.055 

S1 0.381 1.270 O.Q15 0.050 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 16-Lead Ceramic CERDIP Dual ln•line (300 mil) 
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Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A 4.191 5.080 0.165 0.200 
A1 0.381 1.524 0.015 0.060 
A2 - - Ref. A3 - - Ref. A3 

A3 3.810 4.445 0.150 0.175 
8 0.355 0.585 0.014 0.023 
81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0:008 0.015 Typical 

D 19.050 20.320 0.750 0.800 

01 17.780 17.780 Reference 0.700 0.700 Reference 

E 7.493 8.255 0.295 0.325 

E1 5.588 7.874 0.220 0.310 

e1 2.540 2.540 Typical 0.100 0.100 Typical 

eA 7.366 8.128 Reference 0.290 0.320 Reference 

e8 7.62 10.160 0.300 0.400 

L 3.175 3.810 0.125 0.150 

N 16 16 16 16 

s 0.508 1.397 0.020 0.055 
$1 0.381 1.270 0.015 0.050 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Ceramic CERDIP Dual In-line (300 mil) 
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Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 5.080 - 0.200 
A1 0.381 1.778 0.015 0.070 
A2 - - Ref. A3 - - Ref.A3 
A3 3.810 4.445 0.150 0.175 
B 0.355 0.585 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 
c 0.203 0.381 Typical 0.008 0.015 Typical 
0 22.352 23.622 0.880 0.930 

01 20.320 20.320 Reference 0.800 0.800 Reference 
E 7.620 8.382 0.300 0.330 

E1 5.588 7.874 0.220 0.310 
e1 2.540 2.540 0.100 0.100 
eA 7.366 8.128 Typical 0.290 0.320 Typical m 
e8 7.620 10.160 Reference 0.300 0.400 Reference 
L 3.175 3.810 0.125 0.150 
N 18 18 18 18 
s 0.508 1.397 0.020 0.055 

81 0.381 1.270 0.015 0.050 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Ceramic CERDIP Dulll In-line with Window (300 mil) 
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Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 5.080 - 0.200 
A1 0.381 1.n00 O.Q15 0.070 
A2 3.810 4.699 0.150 0.185 
A3 3.810 4.445 0.150 0.175 
B 0.355 0.585 0.014 0.023 

B1 1.270 1.651 Typical 0.050 0.065 Typical 
c 0.203 0.381 Typical 0.008 0.015 Typical 
0 22.352 23.622 0.880 0,930 

01 20.320 20.320 Reference 0.800 0.800 Reference 
E 7.620 8.382 0.300 0.330 

E1 5.588 7.874 0.220 0.310 
e1 2.540 2.540 Reference 0.100 0.100 Reference 
eA 7.366 8.128 Typical 0.290 0.320 Typical 
eB 7.620 10.160 0.300 0.400 
L 3.175 3.810 0.125 0.150 
N 18 18 18 18 
s 0.508 1.397 0.020 0.055 
81 0.381 1.270 0.015 0.050 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 22-Lead Ceramic CERDIP Dual In-line (400 mil) 
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Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

IX oo 10° oo 10° 

A - 5.715 - 0.225 
A1 0.381 1.778 0.D15 0.070 
A2 - - Ref.A3 - - Ref.A3 

A3 3.810 4.445 0.150 0.175 
B 0.355 0.585 0.014 0.023 
81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 

D 26.670 27.940 1.050 1.100 
01 25.400 25.400 Reference 1.000 1.000 Reference 

E 10.160 10.922 0.400 0.430 
E1 8.890 10.414 0.350 0.410 

e1 2.540 2.540 Reference 0.100 0.100 Reference 
eA 9.906 10.668 Typical 0.390 0.420 Typical 

eB 10.160 12.700 0.400 0.500 
L 3.175 3.810 0.125 0.150 
N 18 18 22 22 

s - 1.270 - 0.050 
S1 0.127 1.270 0.005 0.050 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic CERDIP Dual In-line (300 mil) 
N DD-==rT--

E1 E 

~~i~a~Ci~- _:::L_L_ 
Area -----es---

,._________ 0 -------~ 

--ls:- s1--; ~ ! ! 
~:nee"'-~ ~:iJ::}:::_::: 
~~~~g - ·1trr-u--u--u--u----u--u-11rtc~-tT-- 1·--r 

81__;.:.~ : 1 : ----i- A1 A3 A ::::: ~e ~ 

B -.:::..- l 
01------

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

<X o· 10· o· 10· 

A - 5.715 - 0.225 
A1 0.381 1.905 0.015 0.075 
A2 - - Ref.A3 - - Ref.A3 
A3 3.810 4.445 0.150 0.175 
B 0.355 0.585 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 
c 0.203 0.381 Typical 0.008 0.015 Typical 
0 31.115 32.385 1.225 1.275 
01 27.940 27.940 Reference 1.100 1.100 Reference 
E 7.620 8.382 0.300 0.330 

E1 5.588 7.874 0.220 0.310 
e1 2.540 2.540 Reference 0.100 0.100 Reference 
eA 7.366 8.128 Typical 0.290 0.320 Typical 
eB 7.620 11.430 0:300 0.450 
L 3.175 3.810 0.125 0.150 
N 24 24 24 24 
s 1.016 2.286 0.040 0.090 
S1 0.381 1.778 O.o15 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic CERDIP Dual In-line with Window (300 mil) 

N 

a~,;tJ=,___=t~c 
:..__ eA _______...: 

<----eB 

01------

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 5.715 - 0.225 

A1 0.381 1.905 O.Q15 0.075 

A2 3.810 4.699 0.150 0.185 

A3 3.810 4.445 0.150 0.175 

B 0.355 0.585 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 

0 31.115 32.385 1.225 1.275 

01 27.940 27.940 Reference 1.100 1.100 Reference 

E 7.620 8.382 0.300 0.330 

E1 5.588 7.874 0.220 0.310 

e1 2.540 2.540 Reference 0.100 0.100 Reference 

eA 7.366 8.128 Typical 0.290 0.320 Typical II 
eB 7.620 11.430 0.300 0.450 

L 3.175 3.810 0.125 0.150 

N 24 24 24 24 

s 1.016 2.286 0.040 0.090 

S1 0.381 1.778 0.015 0.070 
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M1CRDCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic CERDIP Dual In-line (600 mil) 

N OD-==rl--
E1 E 

~~i~a~o~- .:::L_L_ 
•'-.:t =h, c 

,'/. ~ 
' ' ' 
~ eA -----+-: : 

Area ee 

-ls:-
0 

s1-+; i- I I 

~~~~""---~ ~:j:J:::lt:::~::: 
~~~~ng - -111n-u--u--u--u----u--u--urtr:~-tT-- ---r 

s1-i:;:i-- _; e1 ~.·. ----t--A1 A3 A 
B __:::___ 

--~~~~~~ 01 ' 

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

ot oo 100 oo 10° 

A - 5.715 - 0.225 
A1 0.381 1.905 O.Q15 0.075 
A2 - - Ref. A3 - - Ref.A3 
A3 3.810 4.445 0.150 0.175 
B 0.355 0.585 0.014 0.023 
81 1.270 1.651 Typical 0.050 0.065 Typical 
c 0.203 0.381 Typical 0.008 O.D15 Typical 
0 31.115 32.385 1.225 1.275 

01 27.940 27.940 Reference 1.100 1.100 Reference 
E 15.240 15.875 0.600 0.625 

E1 12.954 15.240 0.510 0.600 
e1 2.540 2.540 Reference 0.100 0.100 Reference 
eA 14.986 15.748 Typical 0.590 0.620 Typical 
eB 15.240 18.034 0.600 0.710 
L ·3.175 3.810 0.125 0.150 
N 24 24 24 24 
s 1.016 2.286 0.040 0.090 

51 0.381 1.778 O.Q15 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic CERDIP Dual In-line with Window (600 mil) 

N 

a~;'.l)= =q~c .J ·,', 
~eA--.: 

----eB---~ 

, D , l l l -: s:- s1-i :-
B wm. , --vm--r--- -- -- --ase ----- --- --
Plane""--~ : : : _ _l _____ f ____ 1 ~~~~g - -!- : r- --- --- --- ----- --- -- : --- : ---tr--i --r 

B1----!:::i.- -: e1 '::...:_:---f-A1 A3 A A2 

s-:::--,._______ D1 ------

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 100 

A - 5.715 - 0.225 

A1 0.381 1.905 O.D15 0.075 

A2 3.810 4.699 0.150 0.185 

A3 3.810 4.445 0.150 0.175 

B 0.355 0.585 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 

D 31.115 32.385 1.225 1.275 

D1 27.940 27.940 Reference 1.100 1.100 Reference 
E 15.240 15.875 0.600 0.625 

E1 12.954 15.240 0.510 0.600 

e1 2.540 2.540 Reference 0.100 0.100 Reference 

eA 14.986 15.748 Typical 0.590 0.620 Typical m 
eB 15.240 18.034 0.600 0.710 

L 3.175 3.810 0.125 0.150 

N 24 24 24 24 

s 1.016 2.286 0.040 0.090 

81 0.381 1.778 0.015 0.070 
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IV\tCRDCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic CERDIP Dual In-line (600 mil) 

N 00-=I=-r-

~~i~a~o;- .:::L_L_ 
Area ,_ ___ es ----<~ 

s~ -~~s•--:1-+LL 
Plane""--~ ; ; : _J_J ___ r ____ _ 
~~~~g - ·1 i r-- -- --- --- ----- -- --- j -- i ----tT--i--r· 

881--;:::~ -: e1 !-'---, ---T A1 A3 A 
----... .. .---- I 

D1------

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

(.( oo 100 oo 10° 

A - 5.461 - 0.215 

A1 0.381 1.524 0.015 0.060 

A2 - - Ref. A3 - - Ref. A3 

A3 3.810 4.445 0.150 0.175 

8 0.355 0.585 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 

D 36.195 37.465 1.425 1.475 

D1 33.020 33.020 Reference 1.300 1.300 Reference 

E 15.240 15.875 0.600 0.625 

E1 12.954 15.240 0.510 0.600 

e1 2.540 2.540 Reference 0.100 0.100 Reference 

eA 14.986 15.748 Typical 0.590 0.620 Typical 

e8 15.240 18.034 0.600 0.710 

L 3.175 3.810 0.125 0.150 

N 28 28 28 28 

s 1.016 2.286 0.040 0.090 

S1 0.381 1.778 0.015 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic CERDIP Dual In-line with Window (600 mil) 

-J.s:- o s1-: \_ j I I 
B ~' --~nul-- __ LL ase ----- --- --
Plane""--~ ; ; : _ _[ _____ C ___ j 
~~~~g - -! : r --- --- -- ----- --- -- : --- : ----f--rr-r 

B1~!!!~ ---.i e1 ~--r-A1 A3 A A2 

s-- .. --------- 01------

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 100 oo 10° 

A - 5.461 - 0.215 
A1 0.381 1.524 O.Q15 0.060 
A2 3.810 4.699 0.150 0.185 
A3 3.810 4.445 0.150 0.175 

B 0.355 0.585 0.014 0.023 
B1 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 
D 36.195 37.465 1.425 1.475 

01 33.020 33.020 Reference 1.300 1.300 Reference 

E 15.240 15.875 0.600 0.625 
E1 12.954 15.240 0.510 0.600 

e1 2.540 2.540 Typical 0.100 0.100 Typical 
eA 14.986 15.748 Reference 0.590 0.620 Reference 

eB 15.240 18.034 0.600 0.710 II 
L 3.175 3.810 0.125 0.150 
N 28 28 28 28 

s 1.016 2.286 0.040 0.090 
81 0.381 1.778 0.015 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Ceramic CEA DIP Dual In-line (600 mil) 

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

IX oo 10° oo 10° 

A 4.318 5.715 0.170 0.225 

A1 0.381 1.778 O.D15 0.070 

A2 - - Ref. A3 - - Ref. A3 

A3 3.810 4.445 0.150 0.175 

8 0.355 0.585 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 

D 51.435 52.705 2.025 2.075 

01 48.260 48.260 Reference 1.900 1.900 Reference 

E 15.240 15.875 0.600 0.625 

E1 12.954 15.240 0.510 0.600 

e1 2.540 2.540 Typical 0.100 0.100 Typical 

eA 14.986 16.002 Reference 0.590 0.630 Reference 

eB 15.240 18.034 0.600 0.710 

L 3.175 3.810 0.125 0.150 

N 40 40 40 40 

s 1.016 2.286 0.040 0.090 

81 0.381 1.778 0.015 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Ceramic CERDIP Dual In-line with Window (600 mil) 

N 

= = = ~\ C, = = = =-==r=:r-
[ . , I r· _ 

~ ', ~· CIC 

Pin No. 1 , - - - ~ 
Indicator- o o o J _::_::~_L __ 
Area 

01------

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 100 oo 10° 

A 4.318 5.715 0.170 0.225 

A1 0.381 1.778 0.015 0.070 

A2 3.810 4.699 0.150 0.185 

A3 3.810 4.445 0.150 0.175 
B 0.355 0.585 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 
c 0.203 0.381 Typical 0.008 0.015 Typical 
0 51.435 52.705 2.025 2.075 

01 48.260 48.260 Reference 1.900 1.900 Reference 
E 15.240 15.875 0.600 0.625 

E1 12.954 15.240 0.510 0.600 

e1 2.540 2.540 Reference 0.100 0.100 Reference 

eA 14.986 16.002 Typical 0.590 0.630 Typical m 
eB 15.240 18.034 0.600 0.710 

L 3.175 3.810 0.125 0.150 

N 40 40 40 40 

s 1.016 2.286 0.040 0.090 

81 0.381 1.778 0.015 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Ceramic Flatpack Family 

Symbol List for Ceramic Flatpack Package Parameters 

Symbol Description of Parameters 

A Distance between seating plane to highest point of body (lid) 

B Width of terminal leads 

c Thickness of terminal leads 

D Largest overall package parameter of length 

D1 Body length parameter - end lead center to end lead center 

E Largest overall package width parameter outside of lead 

E2,E3 Body width parameters not including leads 

e Linear spacing between center lines of body standoffs (terminal leads) 

H Other package width parameter 

L Distance from seating plane to end of lead 

N Total number of potentially usable lead positions 

Q Distance between seating plane and lead 

s Distance from true position center line of Number 1 lead to the extremity of the body 

S1 Distance from other end lead edge positions to the extremity of the body 

Notes: 

1. Controlling parameter: inches. 

2. Parameter "e1" ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 

4. Parameters "B" and "C" are nominal. 
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MICRDCHI? 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Flatpack 

Terminal N --

Pin No. 1--1-.--~~~~~~~~~~--.--.-J 
Indicator 

--::~ Sl 
~:s:...--

-::-s 
------~Dl-------

D-------

~ ·--------r----.---· 
E3 L 

::k-j---
E2 E H 

~::)J __ _ 
: Seating and 
:-Base Plane 

: ____________ J __ _ 
-+-::+---- c 

-: 
' 

ii-A 
--::--a 

Package Group: Ceramic Flatpack (CFPK) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 2.286 3.302 0.090 0.130 

B 0.381 0.482 0.015 0.019 Typical 
c 0.076 0.153 0.003 0.006 Typical 
D 17.780 18.796 0.700 0.740 

Dl 16.306 16.714 0.642 0.658 Reference 
E 9.652 10.668 0.380 0.420 
E2 4.572 - 0.180 -
E3 0.762 - 0.030 -
e 1.270 1.270 BSC 0.050 0.050 Typical 
H 22.352 29.464 0.880 1.160 
L 6.350 9.398 0.250 0.370 
N 28 28 28 28 
Q 0.660 1.143 0.026 0.045 
s 0.889 1.016 0.035 0.040 
$1 0.254 0.381 0.010 O.Q15 
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MICROCHIP 

Packaging Diagrams and Parameters 

Ceramic Leadless Chip Carrier Family 

Symbol List for Ceramic Leadless Chip Carrier Package Parameters 

Symbol Description of Parameters 

A Thickness of base body 

A1 Total package height 

A2 Distance from base body to highest point of body (lid) 

B Width of terminal lead pin 

D Largest overall package parameter of length 

D1, E1 Body length dimension - end lead center to end lead center 

E Largest overall package dimension of width 

e Linear spacing 

e1 Linear spacing between edges of true lead positions (of corner terminal lead pads) 
lead corner to lead corner 

h Depth of major index feature 

j Width of minor index feature 

L Distance from package edge to end of effective pad 

N Total number of potentially usable lead positions 

Notes: 

1. Controlling dimension: inches. 

2. Parameter "e1" ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by PC board hole size. 

4. Parameter "B" is nominal. 
5. Corner configuration optional. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Lead less Chip Carrier 

--- o-----..: ~01---: 

hx45°-: 

TOP 

-_ J _ ---l-----~---O I ;::::;:::::::===:;:::::;:::i.,1 - - - h _ J m h - h m 

seating Plane :::i::::::f :::::I I I I sioE I I I I :::r:::::::::: 
A1 A A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters 

Symbol Min Max Notes Min 

A 1.397 2.159 0.055 

A1 1.651 2.540 0.065 
A2 0.254 0.381 0.010 

B 0.558 0.712 Typical 0.022 
D 11.226 11.684 0.442 

01 7.620 7.620 Reference 0.300 
E 11.226 11.684 0.442 

E1 7.620 7.620 Typical 0.300 

e 1.270 1.270 Reference 0.050 
e1 0.381 - Typical 0.015 
h 1.016 1.016 Reference 0.040 
j 0.508 0.508 Reference 0.020 
L 1.143 1.397 Typical 0.045 
N 28 28 28 

© 1995 Microchip Technology Inc. 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

Inches 

Max Notes 

0.085 

0.100 

0.015 
0.028 Typical 
0.460 
0.300 Reference 
0.460 
0.300 Typical 
0.050 Reference 

- Typical 
0.040 Reference 
0.020 Reference 
0.055 Typical 

28 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Lead less Chip Carrier with Window 

---D---i :.------D 1--! 

,--r 
E 

T-- -
E1 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) ~~-_J __ _ 

hx45°-: ~ 

TOP 

(_ J _)::: -. ,.__.___..._.__,.' 
_T _________ 'B:- -: :- j x 45° Index 

, . BOTTOM Corner 

__ J _____ ~------- ~, -~· ___ J ___________ _ 
s..u,, PIM• ::i: r: : 1 1 1 1 SIDE 1 1 1

1 r::r :::: 
A1 A A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 1.397 2.159 0.055 0.085 

A1 2.286 2.540 0.090 0.100 
A2 0.889 1.143 0.035 0.045 

B 0.558 0.712 Typical 0.022 0.028 Typical 
D 11.226 11-684 0.442 0.460 

01 7.620 7.620 Reference 0.300 0.300 Reference 
E 11.226 11.684 0.442 0.460 

E1 7.620 7.620 Reference 0.300 0.300 Reference 

e 1.270 1.270 Typical 0.050 0.050 Typical 
e1 0.381 - Typical 0.015 - Typical 

h 1-016 1.016 Reference 0.040 0.040 Reference 
j 0.508 0.508 Reference 0.020 0.020 Reference 
L 1.143 1.397 Typical 0.045 0.055 Typical 
N 28 28 28 28 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Ceramic Leadless Chip Carrier 

,.__ ___ D ----e 

T---
E1 

LJ_::L: 
N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

hx45°-: :- ·-r----~:B~ 
-: :- j x 45° Index 

BOTTOM : ~ Corner 
TOP 

. _ J_ _ ----!-------;:-c:;=, ;::::::;=====;::::;::::;::--_ J _ -------. ---
---------- -----1 I I I I I I' 1·.------1----_-_-_-_-_-_-_-_-_-_-_ 

seating Plane ---r--·--r----· sioE . . . . 

A1 A A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 1.397 2.159 0.055 0.085 

A1 2.540 3.048 0.100 0.120 

A2 0.254 0.381 0.010 0.015 

B 0.635 0.661 Typical 0.025 0.026 Typical 

D 13.716 14.224 0.540 0.560 

01 9.982 10.338 Reference 0.393 0.407 Reference 
E 11.226 11.634 0.442 0.458 

El 7.442 7.798 Reference 0.293 0.307 Reference 

e 1.270 1.270 Typical 0.050 0.050 Typical 

e1 0.381 - Typical 0.015 - Typical 

h 1.016 1.016 Reference 0.040 0.040 Reference 

j 0.508 0.508 Reference 0.020 0.020 Reference 

L 1.143 1.397 Typical 0.045 0.055 Typical 

N 32 32 32 32 
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MICROCHIP 

Packaging Diagrams and ·Parameters 

Package Type: 32-Lead Ceramic Leadless Chip Carrier - FRIT 

~--- D -----<~ 

'T 
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...._______. , L 
--r-· 
E1 

L_J_J:::-
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Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

-T---------·-! j -~ 
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h x 45° -: :----

TOP 

__ J ____ l-----· ~, -~, ___ J ________ ___ 
seating Plane :::i::::::f :::::I I I I sioE I I I I :::r:::::::::: 

A1 A A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 1.397 2.159 0.055 0.085 

A1 2.286 3.302 0.090 0.130 

A2 0.635 1.143 0.025 0.045 

8 0.558 0.712 Typical 0.022 0.028 Typical 

D 13.716 14.224 0.540 0.560 

D1 7.620 7.620 Reference 0.300 0.300 Reference 

E 11.226 11.634 0.442 0.458 

E1 10.160 10.160 Reference 0.400 0.400 Reference 

e 1.270 1.270 Reference 0.050 0.050 Reference 

e1 0.381 - Typical 0.015 - Typical 

h 1.016 1.016 Reference 0.040 0.040 Reference 

j 0.508 0.508 Reference 0.020 0.020 Reference 

L 1.143 1.397 Typical 0.045 0.055 Typical 

N 32 32 32 32 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Ceramic Leadless Chip Carrier with Window 

~---0---~ 

T---
E1 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) LJ_::L:-
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A1 A A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 1.397 2.159 0.055 0.085 

A1 2.286 3.302 0.090 0.130 

A2 0.889 1.143 0.035 0.045 
B 0.558 0.712 Typical 0.022 0.028 Typical 
0 13.716 14.224 0.540 0.560 

01 7.620 7.620 Reference 0.300 0.300 Reference 
E 11.226 11.634 0.442 0.458 

E1 10.160 10.160 Reference 0.400 0.400 Reference 
e 1.270 1.270 Reference 0.050 0.050 Reference 

e1 0.381 - Typical 0.015 - Typical 
h 1.016 1.016 Reference 0.040 0.040 Reference 
j 0.508 0.508 Reference 0.020 0.020 Reference 
L 1.143 1.397 Typical 0.045 0.055 Typical 
N 32 32 32 32 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Ceramic Lead less FRIT-Seal Chip Carrier with Window 

------- D ---

-~-T--
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--r-· 
E1 

LJ_J:::-~~ 
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Pin No. 1 Indicator 
(size and type of 
indicator may vary) 
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:!:: :L::-c------.1 ___ J ______ . __ __ 
seating Plane __ T ____ r ____ I IJ I sioE I I I I ::T::::::::::: 

A1 A A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 1.397 2.159 0.055 0.085 

A1 2.286 3.302 0.090 0.130 

A2 0.889 1.143 0.035 0.045 

B 0.558 0.712 Typical 0.022 0.028 Typical 

D 13.716 14.224 0.540 0.560 

01 7.620 7.620 Reference 0.300 0.300 Reference 

E 11.226 11.634 0.442 0.458 

E1 10.160 10.160 Reference 0.400 0.400 Reference 

e 1.270 1.270 Typical 0.050 0.050 Typical 

e1 0.381 - Typical 0.015 - Typical 

h 1.016 1.016 Reference 0.040 0.040 Reference 

j 0.508 0.508 Reference 0.020 0.020 Reference 

L 1.143 1.397 Typical 0.045 0.055 Typical 

N 32 32 32 32 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 44-Lead Ceramic Leadless Chip Carrier 

---o----: 

T---
E1 

J_)::::. 
L 

;.---01--: 
' ' 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

-r---------:8!-- -----.; :- jx45° index 

BOTTOM : : Corner 
hx45°-i :-

TOP 

-_ J _ ---l-----·,.:...c::;:::::-I ;::::;:=:===;:::;::::;:::• m J m - Um - -

SeatiogPi.oo 1 :1J [ [ [ SIDE [ [ ['[I :::: 
A1 A A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters 

Symbol Min Max Notes Min 

A 1.371 2.083 0.054 

A1 1.778 3.048 0.070 

A2 0.254 1.143 0.010 

B 0.584 0.712 Typical 0.023 

0 16.256 16.815 0.640 
01 12.700 12.700 Reference 0.500 

E 16.256 16.815 0.640 

E1 12.700 12.700 Reference 0.500 

e 1.270 1.270 Typical 0.050 

e1 0.381 - Typical O.Q15 

h 1.016 1.016 Reference 0.040 

j 0.508 0.508 Reference 0.020 

L 1.143 1.397 Typical 0.045 

N 44 44 44 

© 1995 Microchip Technology Inc. 

Inches 

Max Notes 

0.082 

0.120 

0.045 

0.028 Typical 

0.662 

0.500 Reference 

0.662 

0.500 Reference 

0.050 Typical 

- Typical 

0.040 Reference 

0.020 Reference 

0.055 Typical 

44 

DS00049F-page 11-41 

m 



MICROCHIP 

Packaging Diagrams and Parameters 

Ceramic Leaded Chip Carrier Family 

Symbol List for Ceramic Leaded Chip Carrier Package Parameters 

Symbol Description of Parameters 

A Distance between seating plane to highest point of body 

A1 Distance from lead shoulder to seating plane 

CP Seating plane coplanarity 

D/E Outside dimension 

D1/E1 Body dimension 

D2/E2 Footprint 

D3/E3 Footprint 

LT Lead thickness 

N Total number of potentially usable lead positions 

Nd Total number of leads on short side (rectangular) 

Ne Total number of leads on long side (rectangular) 

Notes: 

1. All dimensions and tolerances conform to ANSI Y14.5M-1982. 

2. Datum plane -H- located at top of parting line and coincident with top of lead. Where lead exits body. 

3. Datums D-E and F-G o be determined where center leads exit body at datum plan@. 

4. To be determined at seating plan@. 

5. Transition is optional. 

6. Square: Details of pin1 identifier are optional but must be located within one of the two zones indicated. If the 
number of terminals on a side is odd terminal 1 is the center terminal. 
Rectangle: Details of pin1 are optional but must be located within zone indicated. If the number of terminals on a 
side is odd, terminal 1 is the center terminal. 

7. Location to datums [±jan@to be determined at plan@. 
8. All dimensions and tolerances include lead trim offset and lead finish. 

9. These two dimensions determine maximum angle of the lead for certain socket applications. If unit is intended to 
be socketed, it is advisable to review these dimensions with the socket supplier. 

10. Controlling dimension: inches. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 68-Lead Ceramic Leaded Chip Carrier (Window) 

; D---..-

!:IEB\-%W@\s\o-E@I '' 
r:A-1 " 

.. --- 01 ---=====----...: : 
~~rn&:: 

0.254 /\ 
.010 Max-.: :-+~ 

~~·: 0.508 

~---:-~ ii~~ .020 

• • ---L 1.651 

' .065 
R 1.14/0.64 

.045/.025 

;-- --: 0.812/0.661 N Pies 
1.27 ' ' : .032/.026 

.050 -- - : : : : 0.177 
2 ides f j ...!.. ...!.. __ • ~---[[]EB ""'1ii'i7® BA@ 

t ~ tJ : lJ tJ ifJ@J f A• 2-sides 9 

·---·: :-D3'Ea-..-: : -~101 S . 
:....--- 02 --------: D .004 p::~ng 

i\EB\~\F-G@\&i -c-
• ..- E2 --...: 

Package Group: Ceramic Leaded Chip Carrier (CLCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.699 0.165 0.185 

A1 2.286 3.048 0.090 0.120 

0 24.968 25.222 0.983 0.993 

01 23.977 24.333 0.944 0.958 
02 22.860 23.876 0.900 0.940 
03 20.320 - Reference 0.800 - Reference 

E 24.968 25.222 0.983 0.993 
E1 23.977 24.333 0.944 0.958 

E2 22.860 23.876 0.900 0.940 

E3 20.320 - Reference 0.800 - Reference 

N 68 - 68 -
CP - 0.102 - 0.004 

LT 0.152 0.204 0.006 0.008 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 84-Lead Ceramic Leaded Chip Carrier (Window) 

: 0----. 

l:IEBl-%W@lslo-E@I '' 
[±] :: 

--- 01 ____...: : 

" ...:~l±l&:: 

,__ -: : 0.812/0.661 N Pies 
1.27 .032/.026 

/~~·T£t~--ImlEBl-%W@lslA@I 
~ ~~I@JJ tA1 2Sides £ 

- -- i :-- D:i/E•---: :--~.101 Seating 
;-+----- 02 ---....: D .004 Plane 

ilEBl-%f~+-G@ l&i -c-~1 :t,1] -,;,~rr 

' L1~Ll 
:..--- E2 -------.: 

'IEBl-%~+-G@ I&' 

/\~ .. I..__~~-~~-~ 
ill.±J " IEBl-%W@l+-G@I 

0.254 /\ o.254 /\ -f\ .. 0:~~~00~ 1 £ 
~ .01~0 Max-i i .... M0.508 .01~0 Max_.: :-M 0.0.52008 ,_.,.,.-,-H- /\ 2 1.0.56204 Mi~-i-----v 
~ :-~-L .020 - ::~t _______ l..:!j:jill rc1::.-::::~ ' A 

---,:, :-+ t T i.=J._J _____ , , 'l_i':, 
: : ---c_ 1.651 -----i::.- 1.651 0.64 Min_..: : __ o.533/0.331 

' .065 ' .065 .025 ' ' .021/.013 

R 1.14/0.64 R 1.14/0.64 
.045/.025 .045/.025 

Package Group: Ceramic Leaded Chip Carrier (CLCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.699 0.165 0.185 

A1 2.286 3.048 0.090 0.120 

0 30.048 30.353 1.183 1.195 
01 28.829 29.591 1.135 1.165 
02 27.940 28.956 1.100 1.140 
03 25.400 - Reference 1.000 - Reference 

E 30.048 30.353 1.183 1.195 

E1 28.829 29.591 1.135 1.165 

E2 27.940 28.956 1.100 1.140 

E3 25.400 - Reference 1.000 - Reference 

N 84 - 84 -
CP - 0.102 - 0.004 

LT 0.152 0.204 0.006 0.008 
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MIC:RDCHIP 

Packaging Diagrams and Parameters 

Plastic Dual In-Line Family 

Symbol List for Plastic In-Line Package Parameters 

Symbol Description of Parameters 

Ci Angu~ar spuclng betwee;-1 ii::r.. tind mo.x. le~d pcsiticr:s me2.~:...:rcd at the gauge p!ane 

A Distance between seating plane to highest point of body 

A1 Distance between seating plane and base plane 

A2 Base body thickness 

B Width of terminal leads 

B1 Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 

c Thickness of terminal leads 

D Largest overall package parameter of length 

D1 Body length parameter - end lead center to end lead center 

E Largest overall package width parameter outside of lead 

E1 Body width parameters not including leads 

eA Linear spacing of true minimum lead position center line to center line 
-~-.. 

eB Linear spacing between true lead position outside of lead to outside of lead 

e1 Linear spacing between center lines of body standoffs (terminal leads) 

L Distance from seating plane to end of lead 

N Total number of potentially usable lead positions 

s Distance from true position center line of Number 1 lead to the extremity of the body 

81 Distance from other end lead edge positions to the extremity of the body 

Notes: 
1. Controlling parameter: inches. 

2. Parameter "e1" ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 

4. Parameter "B1" is nominal. 

5. Details of pin Number 1 identifier are optional. 

6. Parameters "D + E1" do not include mold flash/protrusions. 
Mold flash or protrusions shall not exceed .01 o inches. 

m 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Plastic Dual In-line (300 mil) 

N D===rT-
E1 E 

~~i~a~o~- :::LJ_ 
·~:::~ ~c 

;....--- eA ~ 

------ eB ---.-
Area 

' D ' l --: s:- s1-: :.---- I 
~~~ee""-~: : : : --------t-- _J __ 
Seating - -- ! --· ,-- ! --- ! __ ::::!::::f :::r:i-::--
Plane !!!!!LI 

I I I I I 

: : : ....:a1 :-: : -----·r·· A1 A2 A 
B _:::.._ - e1 :-

;---D1~ 

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 4.064 - 0.160 

A1 0.381 - O.D15 -
A2 3.048 3.810 0.120 0.150 

B 0.355 0.559 0.014 0.022 

81 1.397 1.651 0.055 0.065 

c 0.203 0.381 Typical 0.008 0.015 Typical 

D 9.017 10.922 0.355 0.430 

D1 7.620 7.620 Reference 0.300 0.300 Reference 

E 7.620 8.255 0.300 0.325 

E1 6.096 7.112 0.240 0.280 

e1 2.489 2.591 Typical 0.098 0.102 Typical 

eA 7.620 7.620 Reference 0.300 0.300 Reference 

eB 7.874 9.906 0.310 0.390 

L 3.048 3.556 0.120 0.140 

N 8 8 8 8 

s 0.889 - 0.035 -
S1 0.254 - 0.010 -
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MICRDCHI? 

Packaging Diagrams and Parameters 

Package Type: 14-Lead Plastic Dual In-line (300 mil) 

N 

~ Al ~h 
u~/~c 

: !,.____ eA -------+-: : 
' ' · es · 

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

0: oo 10° oo 10° 

A - 4.064 - 0.160 

A1 0.381 - 0-015 -
A2 3.048 3.810 0.120 0.150 

B 0.355 0.559 0.014 0.022 

81 1.524 1.524 Reference 0.060 0.060 Reference 

c 0.203 0.381 Typical 0.008 0-015 Typical 

D 18.415 19.431 0.725 0.765 

01 15.240 15.240 Reference 0.600 0.600 Reference 

E 7.620 8.255 0.300 0.325 

E1 6.096 7.112 0.240 0.280 

e1 2.489 2.591 Typical 0.098 0.102 Typical 

eA 7.620 7.620 Reference 0.300 0.300 Reference II 
eB 7.874 9.906 0.310 0.390 

L 3.048 3.556 0.120 0.140 

N 14 14 14 14 

s 0.889 - 0.035 -
S1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 16-Lead Plastic Dual In-line (300 mil) 

N 

•";;:~ ~c 
!--- eA---: 

---- es ---•· 

, D , ! -i 8:- 81-: i--- I 
Base ::0. ____ t _____ J 

:~:t~n:=WW\JVW_ ! ___ --- -- --- -- --- ! --- ! · __ J:f:::t:::j:~-
Plane ; ; ; ; ; L [ 

I+ I I I 

81___:::::__ -i e1 :._:_-T-A1-A2 A 

B-.:::- I 
'.------01-----•'. 

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

CJ( oo 10° oo 10° 

A - 4.064 - 0.160 
A1 0.381 - O.Q15 -
A2 3.048 3.810 0.120 0.150 
B 0.355 0.559 0.014 0.022 

81 1.524 1.524 Reference 0.060 0.060 Reference 
c 0.203 0.381 Typical 0.008 O.Q15 Typical 
D 18.923 19.939 0.745 0.785 

D1 17.780 17.780 Reference 0.700 0.700 Reference 
E 7.620 8.255 0.300 0.325 

E1 6.096 7.112 0.240 0-280 
e1 2.489 2.591 Typical 0.098 0.102 Typical 
eA 7.620 7.620 Reference 0.300 0.300 Reference 
eB 7.874 9.906 0.310 0.390 
L 3.048 3.556 0.120 0.140 
N 16 16 16 16 
8 0.889 - 0.035 -
81 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Plastic Dual In-line (300 mil) 

: D : 

-! s;- s1--: !- ! l 
~~~~~~· i . _;·-----1-------
Seating - - i~:J:f:::1:::f·:::_ 
Plane : : : : : L 

I I I I I 

81--i!ii~ -i e1 ~--r-·A1 A2A 

B --:::-- : 
----~~~~~~01~~~~~--

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 100 oo 100 

A - 4.064 - 0.160 

A1 0.381 - 0.015 -
A2 3.048 3.810 0.120 0.150 

B 0.355 0.559 0.014 0.022 

81 1.524 1.524 Reference 0.060 0.060 Reference 

c 0.203 0.381 Typical 0.008 O.Q15 Typical 

D 22.479 23.495 0.885 0.925 

D1 20.320 20.320 Reference 0.800 0.800 Reference 

E 7.620 8.255 0.300 0.325 

E1 6.096 7.112 0.240 0.280 

e1 2.489 2.591 Typical 0.098 0.102 Typical 

eA 7.620 7.620 Reference 0:300 0.300 Reference 
I 

eB 7.874 9.906 0.310 0.390 

L 3.048 3.556 0.120 0.140 

N 18 18 18 18 

s 0.889 - 0.035 -
S1 0.127 - 0.005 -
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Packaging Diagrams and Parameters 

Package Type: 22-Lead Plastic Dual In-line (400 mil). 

N 

OD-==r=·r~ 
E1 E 

~~i~a~Ci~- .• ::LJ __ 
Area 

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a O" 10° oo 100 

A - 4.572 - 0.180 
A1 0.381 - 0.015 -
A2 3.175 3.810 0.125 0.150 
B 0.355 0.559 0.014 0.022 

B1 1.524 1.524 Reference 0.060 0.060 Reference 
c 0.203 0.381 Typical 0.008 O.Q15 Typical 
D 26.670 28.448 1.050 1.120 
01 25.400 25.400 Reference 1.000 1.000 Reference 
E 9.9Ci6 10.795 0.390 0.425 

E1 8.382 9.398 0.330 0.370 
e1 2.489 2.591 Typical 0.098 0.102 Typical 

eA 10.160 10.160 Reference 0.400 0.400 Reference 
eB 10.160 12.192 0.400 0.480 
L 3.048 3.556 0.120 0.140 
N 22 22 22 22 

s 0.889 - 0.035 -
81 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Plastic Dual In-line (600 mil) 

N 

1=== 0
\ f ====r=r=T--

LJLJ E1 E 

~~i~a~Ci~- _::LJ __ _ 
Area · 

' 0 ' ! 
Base ___:~ ~s1 --i !-=--~--- _J_ __ _ 

~ ' ' ;;.=;mrov--- H H : H: ~-:tf:::ri-::-
1 I I I I 

. . ----r-.,... I I 

B 1-----: : : : :--- ---: e 1 :..-- A 1 A2 A 
Ill I 

B ----...: : :....--- : 
01------

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

ex oo 10° oo 10° 

A - 5.080 - 0.200 
A1 0.508 - 0.020 -
A2 3.175 4.064 0.125 0.160 
B 0.355 0.559 0.014 0.022 
81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 

0 30.353 32.385 1.195 1.275 
01 27.940 27.940 Reference 1.100 1.100 Reference 

E 15.240 15.875 0.600 0.625 
E1 12.827 14.224 0.505 0.560 
e1 2.489 2.591 Typical 0.098 0.102 Typical 

eA 15.240 15.240 Reference 0.600 0.600 Reference 

eB 15.494 17.272 0.610 0.680 
I 

L 3.048 3.556 0.120 0.140 
N 24 24 24 24 

s 0.889 - 0.035 -
S1 0.127 - 0.005 -
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MIC.R.CllCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Plastic Dual In-line (300 mil) 

-----eB---

: . 0 : l ! 
Base --'T ~81-i i=--1--- --- ---' ' ' Plane "--- : ; : · ______ -------""""' -MW-- H H i H i J_t __ J ___ f __ 
Plane ::: : : L ] 

I I I I I 

81--j:::i-- -! e1 ~--i--A1 A2A 
B ___.:: :.__ : 

01------

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

IX oo 100 oo 100 

A - 4.064 - 0.160 
A1 0.381 - O.Q15 -
A2 3.048 3.810 0.120 0.150. 

B 0.355 0.559 0.014 0.022 
81 1.524 1,524 Typical 0.060 0.060 Typical 
c 0.203 0.381 Typical 0.008 O.Q15 Typical 
0 31.242 32.258 1.230 1.270 
01 27.940 27.940 Reference 1.100 1.100 Reference 
E 7.620 8.255 0.300 

' 
0.325 

E1 6.096 7.112 0.240 0.280 
e1 2.489 2.591 Typical 0.098 0.102 Typical 
eA 7.620 7.620 Reference 0.300 0.300 Reference 
eB 7.874 9.906 0.310 0.390 
L 3.048 3.556 0.120 9.140 
N 24 24 24 24 

s 0.889 - 0.035 -
S1 0.381 - O.Q15 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Dual In-line (300 mil) 

Base 
Plane""------

Seating -
Plane~ 

OetailA 

Symbol 

u 

A 

A1 

A2 

B 

81 

82 

83 

c 
0 

01 

E 

E1 

e1 

eA 

eB 

L 

N 

s 

N 

Min 

oo 
3.632 

0.381 

3.175 

0.406 
1.016 

0.762 

0.203 

0.203 

34.163 

33.020 

7.874 

7.112 

2.540 

7.874 

8.128 

3.175 

28 

0.584 
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: ~eA~' 
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0 ' I 
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-: e1 :- f A1 A2 A 

01-----~ 

,....._____.. ~ 
: 82: : 81 : 

!B3! : B: - -OetailA 

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Max Notes Min Max Notes 

10° oo 10° 

4.572 0.143 0.180 
- 0.015 -

3.556 0.125 0.140 

0.559 0.016 0.022 
1.651 Typical 0.040 0.065 Typical 
1.016 4 places 0.030 0.040 4 places 
0.508 4 places 0.008 0.020 4 places 
0.331 Typical 0.008 0.013 Typical 

35.179 1.385 1.395 
33.020 Reference 1.300 1.300 Reference 
8.382 0.310 0.330 

7.493 0.280 0.295 
2.540 Typical 0.100 0.100 Typical 

7.874 Reference 0.310 0.310 Reference 
9.652 0.320 0.380 

3.683 0.125 0.145 

- 28 -
1.220 0.023 0.048 
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MICROCHIP. 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Dual In-line (600 mil) 

·~::F ~c 
i--- eA ------: ' 

:-----ea ---

' 0 ' l ---: s:- s1--: ;.-- I 

="'--ltmruITT Wl~TITTtht:l:::1:: 
~;:~g - ·1tr-u--u--u--u-----u--u--1lr--u::-~-r-r-r 

81---i:::i-- _:, '----l-·A1 A2 A I::: I e1 :--
B --+-:: !..,_ : 

01------

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

ex oo 10° oo 10° 

A - 5.080 - 0.200 
A1 0.508 - 0.020 -
A2 3.175 4.064 0.125 0.160 
8 0.355 0.559 0.014 0.022 
81 1.270 1.778 Typical 0.050 0~070 Typical 
c 0.203 0.381 Typical 0.008 0.015 Typical 
0 35.052 37.084 1.380 1.460 

01 33.020 33.020 Reference 1.300 1.300 Reference 
E 15.240 15.875 0.600 0.625 

E1 12.827 13.970 0.505 0.550 
e1 2.489 2.591 Typical 0.098 0.102 Typical 

eA 15.240 15.240 Reference 0.600 0.600 Reference 
e8 15.240 17.272 0.600 0.680 
L 2.921 3.683 0.115 0.145 
N 28 28 28 28 
s 0.889 - 0.035 -

S1 0.508 - 0.020 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Plastic Dual In-line (600 mil) 

1 I I, 
\'~' a~,', ,' C , , ' 

.' I I ·, 

' ' 

----- eB ---.-. 

D1------

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 100 oo 100 

A - 5.080 - 0.200 
A1 0.381 - 0.015 -
A2 3.175 4.064 0.125 0.160 
B 0.355 0.559 0.014 0.022 

81 1.270 1.778 Typical 0.050 0.070 Typical 
c 0.203 0.381 Typical 0.008 0.015 Typical 
D 51.181 52.197 2.015 2.055 

D1 48.260 48.260 Reference 1.900 1.900 Reference 
E 15.240 15.875 0.600 0.625 

E1 13.462 13.970 0.530 0.550 
e1 2.489 2.591 Typical 0.098 0.102 Typical 
eA 15.240 15.240 Reference 0.600 0.600 Reference I 
eB 15.240 17.272 0.600 0.680 
L 2.921 3.683 0.115 0.145 
N 40 40 40 40 
s 1.270 - 0.050 -
$1 0.508 - 0.020 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 48-Lead Plastic Dual In-line (600 mil) 

Symbol Min 

a oo 
A -

A1 0.381 
A2 3.175 
B 0.355 

81 1.270 

c 0.203 
0 61.468 

01 58.420 

E 15.240 
E1 13.716 
e1 2.489 
eA 15.240 
eB 15.240 

L 2.921 

N 48 

s 1.270 

S1 0.508 
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a\.-./E 3:,.\ c '.'tr= T: 
:...--- 0A--+: 

------- es __ __,.._ 

Package Group: Plastic Dual In-Line {PLA) 

Millimeters Inches 

Max Notes Min Max Notes 

100 oo 10° 

5.080 - 0.200 
- 0.015 -

4.064 0.125 0.160 
0.559 0.014 0.022 

1.270 Typical 0.050 0.050 Typical 

0.381 Typical 0.008 0.015 Typical 
62.230 2.420 2.450 
58.420 Reference 2.300 2.300 Reference 

15.875 0.600 0.625 

14.224 . 0.540 0.560 
2.591 Typical 0.098 0.102 Typical 
15.240 Reference 0.600 0.600 Reference 

17.272 0.600 0.680 
3.683 0.115 0.145 

48 48 48 
- 0.050 -
- 0.020 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Leaded Chip Carrier Family 

Symbol List for Plastic Leaded Chip Carrier Package Parameters 

Symbol Description of Parameters 

A Distance between seating piane io highesi poini oi body 

Al Distance between lead shoulder to seating plane 

GP Seating plane coplanarity 

D/E Outside dimension 

D1/E1 Plastic body dimension 

D2/E2 Footprint 

D3/E3 Footprint 

LT Lead thickness 

N Total number of potentially usable lead positions 

Nd Total number of leads on short side (rectangular) 

Ne Total number of leads on long side (rectangular) 

Notes: 

1. All dimensions and tolerances conform to ANSI Yl 4.SM-1982. 

2. Datum plane G±Jlocated at top of mold parting line and coincident with top of lead where lead exits plastic body. 

3. Datums I D-E Ian~ F-G I to be determined where center leads exit plastic body at datum plan@. 

4. To be determined at seating plan@. 

5. Transition is optional. 

6. Plastic body details between leads are optional. 

7. Dimension D1 and E1 do not include mold protrusion. Allowable mold protrusion is .254mm/.010in. per side. 
Dimensions D and E include mold mismatch and are determined at parting line. 

8. Square: Details of pin 1 identifier are optional but must be located within one of the two zones indicated. 
Rectangle: Details of pin 1 identifier are optional but must be located within zone indicated. If the number ofter
minals on a side is odd, terminal 1 is the center terminal. 

9. Location of datums ~an@ to be determined at plan@. 

10. All dimensions and tolerances include lead trim offset and lead finish. 

11. These two dimensions determine maximum angle of the lead for certain socket applications. If unit is intended to 
be socketed, it is advisable to review these dimensions with the socket supplier. 

12. Controlling dimension: inches. 

X. Sum of dambar protrusions to be 0.17 (.007) max. per lead. 

Y. Feature is not required, but is optional at manufacturer's discretion. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Leaded Chip Carrier (Square) 

0.254 /\. 

.01~0 Max-.i i..-M0.508 +c .020 

--·: :--d 
'' ---c.. 1.651 

' .065 
R 1.14/0.64 

.045/.025 

,._ 0.812/0.661 N Pies 
1.27 ' --: .032/.026 
.050 ' ' ' ' ~~-~~~ 

2 ides-1-~--.GEJ EB -%W'@ BA@ 
i~tA• 2S1des 

- - - : ;....._ D3/E3_...; : . - 9 
• ...,.___ 02 ____.... 

ilEBl-°#i~+-a@ l&i 
:.....__ E2 ----.: 

0.254 /\. 

.01~0 Max._: :·M o.508 ,..-,-, /\. 

--~:._0.812/0.661 & 
1;:04 Mi~I::J1 .032/.026 

: :;:-l-_.g~g __ l..:!i:Jill 

------- 1.651 
.065 'R 1.14/0.64 

.0451.025 

cgjf :::\_(~ 
0.64 Min -. : :.._ 0.533/0.331 
.025 ' ' .021/.013 

Package Group: Plastic Leaded Chip Carrier (PLCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.572 0.165 0.180 

A1 2.413 2.921 0.095 0.115 

0 12.319 12.573 0.485 0.495 

01 11.430 11.583 0.450 0.456 

02 10.414 10.922 0.410 0.430 

03 7.620 7.620 Reference 0.300 0.300 Reference 

E 12.319 12.573 0.485 0.495 

E1 11.430 11.583 0.450 0.456 

E2 10.414 10.922 0.410 0.430 

E3 7.620 7.620 Reference 0.300 0.3QQ_ Reference 

N 28 28 28 28 

GP - 0.102 - 0.004 

LT 0.203 0.381 0.008 0.015 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Plastic Leaded Chip Carrier (Rectangle) 

~~----•: ;__ .....; . 0.81210.661 N Pies 127 ' ' ' ' .032/.026 
.050 : : : : ~~-~~~ 

2 ides--f 1 :, :. : :"- ____ [8JIEBl-%W@lslA@I 
A d __ r;,,_r,_ri..._n_Jl __ ~ + 
J_~ +A' 2Sides£ 

: ~...--- D3/E3--....• : 0 0.101 Seating 
~ 02 ----+-: .004 Plane 

[IEBI~ IF-G@ l&l 
;-4-E..2-: 

·1EBI~ IF-G@ I& 

Package Group: Plastic Leaded Chip Carrier (PLCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 3.048 3.556 0.120 0.140 

A1 1.905 2.413 O.Q75 0.095 
D 12.319 12.573 0.485 0.495 

D1 11.353 11.507 0.447 0.453 
02 9.310 10.780 0.380 0.440 
03 7.620 7.620 Reference 0.300 0.300 Reference 
E 14.859 15.113 0.585 0.595 

E1 13.893 14.047 0.547 0.553 
E2 11.760 13.230 0.480 0.540 
E3 10.160 10.160 Reference 0.400 0.400 Reference 

m 
N 32 32 32 32 

Nd 7 7 7 7 
Ne 9 9 9 9 
CP - 0.102 - 0.004 
LT 0.203 0.381 0.008 0.015 
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MICROCHIP 

Packaging Diagrams and· Parameters 

Package Type: 44-Lead Plastic Leaded Chip Carrier (Square) 

0.254 /\ 

.01~0 Max__.11 .. M 0.508 

0.254 /\ 
.010 Max--::•~ 

-~;-0.812/0.661 & 
: : .032/.026 

+c .020 

---,:, :-d 
: : ---c.. 1.651 

.065 

'R 1.14/0.64 
.045/.025 

'' 0.508 ,....,.,.-, /\ 

::;:t--·Q?Q __ ~ 
-----l- 1.651 

.065 'R 1.14/0.64 
.045/.025 

1.;:04 M~:t::::.n 
[f~u:::::lJ, A 

" ffi 
0.64 Min __. : :..-o.533/0.331 
.025 ' ' .021/.013 

Package Group: Plastic Leaded Chip Carrier (PLCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.572 0.165 0.180 

A1 2.413 2.921 0.095 0.115 
D 17.399 17.653 0.685 0.695 

D1 16.510 16.663 0.650 0.656 
D2 15.494 16.002 0.610 0.630 
D3 12.700 12.700 Reference 0.500 0.500 Reference 
E 17.399 17.653 0;685 0.695 

E1 16.510 16.663 0.650 0.656 
E2 15.494 16.002 0.610 0.630 
E3 12.700 12.700 Reference 0.500 0.500 Reference 
N 44 44 44 44 

CP - 0.102 - 0.004 
LT 0.203 0.381 0.008 0.015 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 68-Lead Plastic Leaded Chip Carrier (Square) 

---D----
l:IEBl-%W@lslo-E@I '' 

.--~---• :.._ __, 0.812/0.661 N Pies 
1i7 : : : : .0327.026 
.050 ' ' ' ' ,---r-..,--,,,,.--,-,-----, 

o·d·"t-- 1 1 ,, r;-;-,H ,,.,....0.177- -
-~' 60 A rrL.rfi~rii~n~n~r.L))\---l.:!2:..J ttl -:oor@ 8 A@ 

~ .~ tA1 2S1des 
·---·: '...--D3'E3---....; :- 9 

. .,.__ 02 ___... 

llEBl-%~+-G@ lffil 
:,._____ E2 ----+-! 

& !<t.< ·r,rr 
EE_t_ j E E 

T' ' Ll~LJ 
OO:J-: :-l~EB~l--~66-~1@-s l~Al-F-G-@~I & 

254 : : 0.812/0.661 /\3 
_o._ /\ .... .- .0321.026 ill 
.D10 Max..,., 4 L1.1J. ... 1 .... n 
tjj., :;:ct-'~ JEJ& ·~-(~~)_("£ 

----l·1.651 0.64 Min .... : : __ o.533/0.331 
' .065 .025 ' ' .021/.013 

R 1.14/0.64 
.045/.025 @W@H F-G@. 0-E@ I 

Package Group: Plastic Leaded Chip Carrier (PLCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.699 0.165 0.185 

A1 2.286 2.794 0.090 0.110 

0 25.019 25.273 0.985 0.995 
01 24.130 24.334 0.950 0.958 
02 22.860 23.622 0.900 0.930 
03 20.320 - Reference 0.800 - Reference 

E 25.019 25.273 0.985 0.995 
E1 24.130 24.334 0.950 0.958 II 
E2 22.860 23.622 0.900 0.930 
E3 20.320 - Reference 0.800 - Reference 

N 68 - 68 -
CP - 0.102 - 0.004 

LT 0.203 0.254 0.008 0.010 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 84-Lead Plastic Leaded Chip Carrier (Square) 

D----.. 

0.254 /\. 

.01~0 Max_.! !_Lill.0.508 

~~-c .020 

- - - - c-r t 
-· I T 

'' -- -c.. 1.651 

' .065 
R 1.1410.64 

.0451.025 

1.27 
_., ,_ ___ 0.812/0.661 N Pies 

.032/.026 

2·0~~.T~} _; _ _; ; _____ ITfJ\EB\W@lslA@I 
A •- ' ' ' ·-• +A . /\. J __ '" : • : "' + 1 2S1des ffi 

: ~....-- D~E3·=~-.. .:-- D 0.101 Seating 
, • .004 Plane 

i\EBl~+-G@I&! -c-
:- E2 -----..: 

M 
' ' 0.812/0.661 /\.3 

1.~204 Mi~l~~.H- .032/.026 ill 

@j:c::\('ffi 
0.64 Min .... : :-o.533/0.331 
.025 ' ' .021/.013 

Package Group: Plastic Leaded Chip Carrier (PLCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.699 0.165 0.185 

A1 2.286 2.794 0.090 0.110 

0 30.099 30.353 1.185 1.195 

01 29.210 29.414 1.150 1.158 

02 27.940 28.702 1.100 1.130 
03 25.400 - Reference 1.000 - Reference 

E 30.099 30.353 1.185 1.195 
E1 29.210 29.414 1.150 1.158 

E2 27.940 28.702 1.100 1.130 

E3 25.400 - . Reference 1.000 - Reference 

N 84 - 84 -
CP - 0.102 - 0.004 

LT 0.203 0.254 0.008 0.010 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Small Outline Family 

Symbol List for Small Outline Package Parameters 

Symbol Description of Parameters 

a Angular spadng hf>lwf>f>n min a_nd rnax lead positions measured at the gauge p!ane 

A Distance between seating plane to highest point of body 

A1 Distance between seating plane and base plane 

B Width of terminals 

c Thickness of terminals 

D Largest overall package parameter of length 

E Largest overall package width parameter not including leads 

e Linear spacing of true minimum lead position center line to center line 

H Largest overall package dimension of width 

L Length of terminal for soldering to a substrate 

N Total number of potentially usable lead positions 

CP Seating plane coplanarity 

Notes: 
1. Controlling parameter: inches. 

2. All packages are gull wing lead form. 

3. "D" and "E" are reference datums and do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed .006 package ends and .010 on sides. 

4. The chamfer on the body is optional. If it is not present, a visual index feature must be located within the cross
hatched area to indicate pin1 position. 

5. Terminal numbers are shown for reference. 

© 1995 Microchip Technology Inc. DS00049F-page 11-63 

II 



MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Plastic Surface Mount (SOIC - Narrow, 150 mil Body) 

--: e~ h x45° 

i D~ 

Seatl·ng CP L::::::::bii;J-~~sn~ 
Plane - r----r----

A1 A 

Package Group: Plastic SOIC (SN) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo so oa so 
A 1.371 1.72S 0.054 0.06S 

A1 0.101 0.249 0.004 0.010 

B 0.355 0.4S3 0.014 0.019 

c 0.190 0.249 0.007 0.010 

D 4.SOO 4.979 0.1S9 0.196 

E 3.S10 3.988 0.150 0.157 

e 1.270 1.270 Typical 0.050 0.050 Typical 

H 5.S16 6.19S 0.229 0.244 

h 0.3S1 0.762 0.015 0.030 

L 0.50S 1.016 0.020 0.040 

N s s s s 
GP - 0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Plastic Surface Mount (SOIC - Medium, 200 mil Body) 

i :--- D -------.! 

Seatl·ng GP _L:::::::_~ -~~snee 
Plane --r----r---

A1 A 

Package Group: Plastic SOIC (SM) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 30 oo 30 

A 1.778 2.032 0.070 0.080 
A1 0.101 0.249 0.004 0.010 
B 0.355 0.483 0.014 0.019 
c 0.190 0.249 0.007 0.010 
D 5.080 5.334 0.200 0.210 
E 5.156 5.411 0.203 0.213 
e 1.270 1.270 Reference 0.050 0.050 Reference m 
H* 7.670 8.103 0.302 0.319 
h 0.381 0.762 O.D15 0.030 
L 0.508 1.016 0.020 0.040 
N 14 14 14 14 

CP - 0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 14-Lead Plastic Surface Mount (SOIC- Narrow, 150 mil Body) 

Index 
Area 

Symbol 

(X 

A 
A1 
B 
c 
D 
E 
e 
H 
h 
L 
N 

CP 
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e :.-----, 
' 

~............__.-1---l 
E H 

~-.-.--.--.-. ::l:J 

----0----: 

Package Group: Plastic SOIC (SL) 

Millimeters 

Min Max Notes Min 

o· 9• o· 
1.371 1.728 0.054 

0.101 0.249 0.004 
0.355 0.483 0.014 
0.190 0.249 0.008 

8.559 9;983 0.337 
3.810 3.988 0.150 

1.270 1.270 Reference 0.050 

5.816 6.198 0.229 

0.381 0.762 0.015 
0.406 1.143 O.o16 

14 14 16 

- 0.102 -

h x45° 

Inches 

Max Notes 

9• 

0.068 
0.010 
0.019 
0.010 
0.393 
0.157 
0.050 Reference 
0.244 
0.030 
0.045 

16 
0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 

h x45° 
___..: :-+---

------~ j ~/J L____J lb. ::_::c 
~ -: :--t 

'L' 

Package Group: Plastic SOIC (SO) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo so oo so 
A 2.362 2.642 0.093 0.104 

A1 0.101 0.300 0.004 0.012 
B 0.355 0.4S3 0.014 0.019 
c 0.241 0.31S 0.009 0.013 
D 11.353 11.735 0.447 0.462 
E 7.416 7.595 0.292 0.299 
e 1.270 1.270 Reference 0.050 0.050 Reference 
H 10.007 10.643 0.394 0.419 
h 0.3S1 0.762 0.015 0.030 
L 0.406 1.143 0.016 0.045 
N 1S 1S 1S 1S 

CP - 0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 

e :+---
,B, 
~~ 

' 
h x45° 

i i D , 

Seatl·ng CP 1::::::::~ 'LlttiJ-~~~e 
Plane _l ____ r ___ _ 

A1 A 

Package Group: Plastic SOIC (SO) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

<X oo so oo so 
A 2.362 2.642 0.093 0.104 

A1 0.101 0.300 0.004 0.012 
B 0.355 0.483 0.014 0.019 
c 0.241 0.318 0.009 0.013 
D 15.214 15.596 0.599 0.614 

E 7.416 7.595 0.292 0.299 
e 1.270 1.270 Reference 0.050 0.050 Reference 
H 10.007 10.643 0.394 0.419 
h 0.381 0.762 0.015 0.030 
L 0.406 1.143 O.Q16 0.045 
N 24 24 24 24 

GP - 0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 

h x45° 

----~ j ~/J L__J lb.::_::c .... ~ :..-t 
'L• 

Package Group: Plastic SOIC (SO) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo so oo so 
A 2.362 2.642 0.093 0.104 

A1 0.101 0.300 0.004 0.012 
B 0.355 0.483 0.014 0.019 
c 0:241 0.31S 0.009 0.013 
D 17.703 1S.OS5 0.697 0.712 
E 7.416 7.595 0.292 0.299 
e 1.270 1.270 Typical 0.050 0.050 Typical II 
H 10.007 10.643 0.394 0.419 
h 0.3S1 0.762 0.015 0.030 
L 0.406 1.143 0.016 0.045 
N 2S 2S 2S 2S 

CP - 0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (SOIC - Wide, 330 mil Body) 

Index 
Area 

Symbol 

IX 

A 
A1 
B 
c 
D 
E 
e 
H 
h 
L 
N 

CP 
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Min 

0 

2.286 
0.101 
0.355 
0.228 
17.780 
8.636 
1.270 
11.760 
0.254 
0.508 

28 

-

----+! e :--------
, ' 
' h x45° 
' 

-----~ l a/:J L___J lb.:::_::c ·' -: :--t 
'L• 

Package Group: Plastlc SOIC (SW) 

Millimeters Inches 

Max Notes Min Max Notes 

5· 0 5· 

2.642 0.090 0.104 
0.280 0.004 0.011 
0.508 0.014 0.020 
0.305 0.009 0.012 
18.085 0.700 0.712 
8.890 0~340 0.350 
1.270 Reference 0.050 0.050 Reference 
12.116 0.463 0.477 
0.737 0.010 0.029 
1.067 0.020 0.042 

28 28 28 
0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Shrink Small Outline Family 

Symbol List for Shrink Small Outline Package Parameters 

Symbol Description of Parameters 

ex Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seating plane to highest point of body 

A1 Distance between seating plane and base plane 

B Width of terminals 

c Thickness of terminals 

D Largest overall package parameter of length 

E Largest overall package width parameter not including leads 

e Linear spacing of true minimum lead position center line to center line 

H Largest overall package dimension of width 

L Length of terminal for soldering to a substrate 

N Total number of potentially usable lead positions 

CP Seating plane coplanarity 

Notes: 
1. Controlling parameter: mm. 

2. All packages are gull wing lead form. 

3. "D" and 'E" are reference datums and do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed .015mm .006 package ends and .010' on sides. 

4. A .25mm visual index feature must be located within the shaded area to indicate pin 1 position. 

5. Terminal numbers are shown for reference. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 20-Lead Plastic Surface Mount (SSOP - 209 mil Body 5.30 mm) 

Index 
area 

---T--
E 

___ J_ __ 

N 

-----r 
H 

~_J _ 
1 2 3 

:e: s:: 
I I I I c ___ i __ . 
I I I I 

CP -----~==*===~/Base plane 

' '' ' t +"--: : I Seating plane :-o iA1 

Package Group: Plastic SSOP 

Millimeters 

Symbol Min Max Notes Min 

a o• 5• o· 
A 1.730 1.990 0.068 

A1 0.050 0.210 0.002 
8 0.250 0.380 0.010 
c 0.130 0.220 0.005 
D 7.070 7.330 0.278 
E 5.200 5.380 0.205 
e 0.650 0.650 Reference 0.026 
H 7.650 7.900 0.301 
l 0.550 0.950 0.022 
N 20 20 20 

CP - 0.102 -

Inches 

Max 

5• 

0.078 
0.008 

O.o15 
0.009 
0.289 
0.212 
0.026 
0.311 
0.037 

20 
0.004 

Notes 

Reference 
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MICROCHI? 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (SSOP - 209 mil Body 5.30 mm) 

N 

1 2 3 

' ' s,: :, :e: 1 1 

~I 
CP -----! :~J:::::r Base plane 

: ' ' : t t '-- Seating plane 
: D :M 

Package Group: Plastic SSOP 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

ex oo 80 oo 80 

A 1.730 1.990 0.068 0.078 

A1 0.050 0.210 0.002 0.008 

B 0.250 0.380 0.010 0.015 

c 0.130 0.220 0.005 0.009 

D 10.070 10.330 0.396 0.407 

E 5.200 5.380 0.205 0.212 

e 0.650 0.650 Reference 0.026 0.026 Reference II 
H 7.650 7.900 0.301 0.311 

L 0.550 0.950 0.022 0.037 

N 28 28 28 28 

CP - 0.102 - 0.004 
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MICflDCHIP 

Packaging Diagrams and Parameters 

Plastic Thin Small Outline and Very SmaH·Outline Families {TSOP, VSOP) 

Symbol List for Thin Small Outline Package Parameters 

Symbol Description of Parameters 

ex Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seating plane to highest point of body 

A1 Distance between seating plane and base plane 

B Width of terminals 

c Thickness of terminals 

D Largest overall package parameter of length 

E Largest overall package width parameter not including leads 

e Linear spacing of true minimum lead position center line to center line 

H Largest overall package dimension of width 

L Length of terminal for soldering to a substrate 

N Total number of potentially usable lead positions 

CP Seating plane coplanarity 

Notes: 
1. Controlling parameter: inches. 

2. All packages are gull wing lead form. 

3. 'D' and 'E' are reference datums and do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed .005 per side. 

4. A visual index feature must be located within the crosshatched area to indicate pin 1 position. 

5. Terminal numbers are shown for reference. 

DS00049F-page 11-7 4 © 1995 Microchip Technology Inc. 



MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (TSOP 8 x 20 mm) 

Index--..: 
H 

Area : 

1--' 28 

e::!::::::: 
t 

B ::::L:: 
t 

Seating ,,- - Parting 
PlaneLd/ c--------------~p ~::t" \ Line 

( c+; 
See Detail A/'- - _,, 

Symbol 

a 

A 

A1 

B 

c 
D 

E 

e 

H 

L 

N 

CP 

Base 
Plane 

Min 

0 

-
0.050 

0.150 

0.100 

7.800 

18.290 

0.510 

19.810 

0.410 

28 

-

© 1995 Microchip Technology Inc. 

Package Group: Plastic TSOP (TS) 

Millimeters 

Max Notes Min 

a· 0 

1.190 -
0.150 0.002 

0.250 0.006 

0.200 0.004 

8.200 0.307 

18.490 0.720 

Reference 0.020 

20.190 0.780 

0.610 0.016 

28 28 

0.102 -

: A : 

CP 

---~_l 
A1Tt.Jf 

, L' 

DETAIL A 

Inches 

Max Notes 

30 

0.047 

0.006 

0.010 

0.008 

0.323 

0.728 

- Reference 

0.795 

0.024 

28 

0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (VSOP 8 x 13.4 mm)) 

H 

:::!::: B 

+ 

_T _____ -·--· 

[ __ ~~---~--------------~ 
N 

Seating ,,- - "- Parting 
PlaneLd c~-------------~p ~J \ Line 

( c+; 
Base See Detail A/'- - ,,-
Plane 

Package Group: Plastic VSOP (VS) 

Millimeters 

Symbol Min Max Notes Min 

a. 0 a· 0 

A 1.000 1.250 0.039 
A1 0.000 0.200 0.000 
B 0.150 0.300 0.006 
c 0.130 0.220 0.005 
D 7.900 8.100 0.311 
E 11.700 11.900 0.460 
e 0.550 - Reference 0.022 
H 13.100 13.700 0.516 
N 28 28 28 
L 0.300 0.700 0.012 

CP - 0.102 -

DS00049F-page 11-76 

: A : 
CP 

D 

_____ J __ _ 
\ 1 0°Typical 

--~]~ 
A1 T ! ! 
~ , L, 

DETAIL A 

Inches 

Max Notes 

90 

0.049 
0.008 
0.012 
0.009 
0.319 
0.468 

- Reference 

0.539 
28 

0.027 
0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Metric Quad Flatpack Family (MQFP) 

Symbol List for Metric Plastic Quad Flatpack Package Parameters 

Symbol Description of Parameters 

ct Af1gu!8_r $par:ing betwee!"! ~ln. and ma'(. lead pcsltior.s measured at the gauge plans 

A Distance between seating plane to highest point of body 

A1 Distance between seating plane and base plane 

A2 Distance from base plane to highest point of body 

b Width of terminals 

c Thickness of terminals 

D1/E1 Largest overall package parameter including leads 

DIE Largest overall package parameter including leads 

D3/E3 Center of end lead to center of end lead 

e Linear spacing of true minimum lead position center line to center line 

L Length of terminal for soldering to a substrate 

N Total number of potentially usable lead positions 

CP Seating plane coplanarity 

Notes: 

1. All dimensions and tolerances conform to ANSI Y14.5M-1982. 

2. Datum plane [±!]is located at bottom of mold parting line and coincident with bottom of lead, where lead exits 
body. 

Datums J A-B Jan~ to be determined at datum plan@. 
To be determined at seating plan@. A 

& 

t 
Dimension D1 and E1 do not include mold protrusion. Allowable mold protrusion is 0.25mm per side. Dimen
sions D1 and E1 do not include mold mismatch and are determined at datum plan@. 
Details of pin 1 identifier are optional but must be located within the zone indicated. 

These dimensions to be determined at datum plan{BJ. 

8. All dimensions are in millimeters. 

& Dimension b does not include Dambar protrusion. Allowable Dambar protrusion shall be 0.08mm total in excess 
of the b dimension at maximum material condition. Dambar cannot be located on the lower radius or the lead 
foot. 

A Exact shape of this feature is optional. 

11. N is the number of leads. 

12. Controlling parameter: millimeters. 

13. All packages are gull wing lead form. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 44-Lead Plastic Surface Mount (MQFP 10x10 mm Body 1.6/0.15 mm Lead Form)) 

--- /}f ---~--__._IEB=-'-lo_.2o_@=M _._lc_._IA_-s"""@""""'l'-o-=@ 

Index~~ 
area a 

&,rn ___ J_ 
----r 

:- 01&,~ -:~· ~-----+-=-11----"'-'-L-.--=.-'--= 
1 1 J_ 0.05 mm/mm A~B ---.: ;..-- 0.20 min. 

t :..--03-+! ' fa~ 
--,---·-------------- PARTING---- : : ,~0.13 R min. 

LINE . 1 , 

-:--·::::·1::··1· (_~ .L::~:C~J3/0.30 R 

(l - - ' I I',' 

\_ !-\!-'~{ 
' ' ' /" c 

E3 E1 :~ 

__ J__ i.60 Ref. 

--Tifilimrmi0f ----r ~i:,";e ~2_t_~:::~ . .t-~ Seating 
Plane . . T 

A1 

Package Group: Plastic MQFP 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 7° oo 70 

A 2.000 2.350 0.078 0.093 

A1 0.050 0.250 0.002 0.010 

A2 1.950 2.100 0.768 0.083 

b 0.300 0.450 Typical 0.011 0.018 Typical 

c 0.150 0.180 0.006 0.007 

0 12.950 13.450 0.510 0.530 

01 9.900 10.100 0.390 0.398 

03 8.000 8.000 Reference 0.315 0.315 Reference 

E 12.950 13.450 0.510 0.530 

E1 9.900 10.100 0.390 0.398 

E3 8.000 8.000 Reference 0.315 0.315 Reference 

e 0.800 0.800 0.031 0.032 

L 0.730 1.030 0.028 0.041 

N 44 44 44 44 

CP 0.102 - 0.004 -
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MICROCHIP 

Factory Representatives 
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MICROCHIP 

AFRICA 

AMOS 
P.O. Box 58208 
Newville2114 
Republic of South Africa 
Tel: 27/11-6732141 
Fax: 27/11-6736024 

ASIA/PACIFIC 

Hong Kong 

Microchip Technology Inc. 
Unit No. 3002-3004, Tower 1 
Metroplaza 
223 Hing Fong Road 
Kwai Fong, N.T. Hong Kong 
Tel: 852 2 401 1200 
Fax: 852 2 401 3431 

Japan 

Microchip Technology Intl. Inc. 
Benex S-1 SF 
3-18-20, Shin Yokohama 
Kohoku-Ku, Yokohama 
Kanagawa 222 Japan 
Tel: 8145471 6166 
Fax: 81 45 471 6122 

Korea 

Microchip Technology Korea 
168-1, Youngbo Bldg. 3 Floor 
Samsung-Dong, Kangnam-Ku, 
Seoul, Korea 
Tel: 82 2 554 7200 
Fax: 82 2 558 5934 

Singapore 

Microchip Technology Inc. 
200 Middle Road 
#10-03 Prime Centre 
Singapore 0718 
Tel (mobile): 65 634 2305 

Taiwan 

Microchip Technology Taiwan 
10F-1C 207 
Tung Hua North Road 
Taipei, Taiwan, ROC 
Tel: 886 2 717 7175 
Fax: 886 2 545 0139 

© 1995 Microchip Technology Inc. 

Factory Representatives 

CANADA 

Alberta 

Enertec Sales Ltd. 
#103 155 Glendeer Circle S.E. 
Calgary, Alberta T2H 2S8 Canada 
Tel: 403-777-1550 
Fax: 403-777-1553 

British Columbia 

Enertec Sales Ltd. 
#7 3671 Viking Way 
Richmond, B.C. V6V 1W1 Canada 
Tel: 604-273-0882 
Fax: 604-273-0884 

Manitoba 

Enerlec Sales Ltd. 
#7 3671 Viking Way 
Richmond, B.C. V6V 1W1 Canada 
Tel: 604-273-0882 
Fax: 604-273-0884 

New Brunswick 

Dynasty Components, Inc. 
1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 
Fax: 613-596-9886 

Newfoundland 

Dynasty Components, Inc. 
1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 
Fax: 613-596-9886 

Ontario 

Dynasty Components, Inc. 
1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 
Fax: 613-596-9886 

Prince Edward Island 

Dynasty Components, Inc. 
1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 
Fax: 613-596-9886 

Quebec 

Dynasty Components, Inc. 
1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 
Fax: 613-596-9886 

Saskatchewan 

Enertec Sales Ltd. 
#7 3671 Viking Way 
Richmond, B.C. V6V 1W1 Canada 
Tel: 604-273-0882 
Fax: 604-273-0884 
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Factory Representatives 

EUROPE 

Finland 

Memec Finland 
Asemahkello 
Vemissankatu 6 
Fin 01300 Vantaa 
Finland 
Tel: 358-07001-9830 
Fax: 358-07001-9839 

Germany 

Active Rep GmbH 
Beningastr. 24 
D-26721 Emden 
Germany 
Tel: 49/4921-979071 
Fax: 49/4921-979072 

Active Rep GmbH 
Blumental 1-3 
D-42653 Solingen 
Germany 
Tel: 49/212-25823-0 
Fax: 49/212--282323 

Active Rep GmbH 
Kennedy-StraBe 5 
D-75438 Knittlingen 
Germany 
Tel: 49/7043-33276 
Fax: 49/7043-33492 

Active Rep GmbH 
Reichenaustr. 18 
D-81234 Muenchen 
Germany 
Tel: 49/89-89689181 
Fax: 49/89-89689183 
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Ireland 

Eltech Agencies, Ltd. 
27 Maccurtain Street 
Cork. Ireland 
Tel: 353-21-509366 
Fax: 353-21-509344 

Israel. 

Elina Electronics Ltd. 
14 Raoul Wallenberg St. 
P.O. Box 13190 
Te1Aviv61131 Israel 
Tel: 972 3 49 85 43 
Fax: 972 3 49 87 45 

Netherlands 

Sonetech 
P.O. Box258 
5670 AG Nuenen 
Netherlands 
Tel: 31-40-837075 
Fax: 31-40-832300 

Scotland 

Juniper Solutions 
Unit NR8, Newhouse Business Park 
NewHouse Road 
Grangemouth FK3 8LL 
Scotland 
Tel: 44-1324-666990 
Fax: 44-1324-666980 

Sweden 

Memec Scandinavia AB 
Kvarnholmsvagen 52 
131 31 Nacka 
Sweden 
Tel: 46-8643-4190 
Fax: 46-8643-1195 

Turkey 

Inter Muehendislik Danismanlik 
Ve Ticaret A.S. 1 
Hasircbasi Caddesi No. 55 
81310 Kadikoy 
Istanbul 
Turkey 
Tel: 90 216 349 94 00 
Fax: 90 216 349 94 31 

MEXICO 

CompTech de Mexico 
Av. Morelos Sur 882 
Col. Centro 
Cuemavaca, Morelos CP62000 
Tel: 52 73122733 
Fax: 52 73126368 
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SOUTH AMERICA 

Argentina 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Bolivia 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Brazil 

Aplicacoes Eletronicas 
Artimar Lida. 
Rua Marques de ltu N°. 70-10And. 
CEP01223 
Sao Paulo, Brazil 
Tel: 55-11-231-0277 
Fax: 55-11-255-0511 

© 1995 Microchip Technology Inc. 

Factory Representatives 

Caribbean 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Chile 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Columbia 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Ecuador 

!bars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Paraguay 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Peru 

!bars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Uruguay 

!bars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Venezuela 

!bars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 
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Factory Repre.sentatives 

UNITED STATES 

Alaska 

Trinity Technologies 
1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 

Alabama 

Concord Component R~ps Inc. 
190 Lime Quarry F,!oad, Suite 102 
Madison, AL 35758 
Tel: 205-772-8883 
Fax: 205-772-8262 

Arizona 

Western High Tech Marketing, Inc. 
9414 E. San Salvador, Suite 206 
Scottsdale, AZ. 85258 
Tel: 602-860-2702 
Fax: 602-860-2712 

Arkansas 

CompTech Sales, Inc. 
2401 Gateway Drive 
Suite 114 
Irving, TX 75063 
Tel: 214-751-1181 
Fax: 214-550-8113 

California 

Costa Mesa 

Competitive Technology, Inc. 
200 Baker Street, Suite 101 
Costa Mesa, CA 92626 
Tel: 714-540-5501 
Fax: 714-540-5171 

Escondido 

Eagle Technical Sales Assoc. Inc. 
1900 Sunset Drive, Suite A 
Escondido, CA 92025 
Tel: 619-743-6550 
Tel: 619-743-6585 

Sunnyvale 

Trinity Technologies 
1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 
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Colorado 

Western Region Marketing 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303-428-8088 
Fax: 303-426-8585 

Connecticut 

Gifford 

S-J Associates, Inc. 
10 Copper Ridge Circle 
Gilford, CT 06437 
Tel: 203-458-7558 
Fax: 203-458-1181 

Naugatuck 

S-J Associates, Inc. 
15 Coventry Lane 
Naugatuck, CT 06770 
Tel: 203-723-4707 
Fax: 202-723-1629 

Delaware 
S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, NJ 08054 
Tel: 609-866-1234 
Fax: 609-866-8627 

District of Columbia 
S-J Chesapeake 
900 S. Washington Street 
Suite 307 
Falls Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 

Florida 

Altamonte Springs 

Electramark Florida, Inc. 
401 Whooping Loop, Suite 1565 
Altamonte Springs, FL 32701 
Tel: 407-830-0844 
Fax: 407-830-0847 

Boca Raton 

Electramark Florida, Inc. 
621 NW 53rd Street, Suite 240 
Boca Raton, FL 33487 
Tel: 407-998-8820 
Fax: 407-998-8821 

Tampa 

Electramark Florida, Inc. 
291 O W. Waters Ave. 
Tampa, FL 33614 
Tel: 813-915-1177 
Fax: 813-915-1188 

Georgia 

Concord Component Reps Inc. 
6825 Jimmy Carter Boulevard 
Norcross, GA 30071 
Tel: 404-416-9597 
Fax: 404-441-0790 

Hawaii 

Trinity Technologies 
1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 

Idaho 

Micro Sales 
2122 - 112th Ave. N.E. 
Bellevue, WA 98004 
Tel: 206-451-0568 
Fax: 206-453-0092 

Illinois 

Janus Incorporated 
650 E. Devon Avenue 
Itasca, IL 60143 
Tel: 708-250-9650. 
Fax: 708-250-8761 

Indiana 

Fort Wayne 

Electro Reps, Inc. 
125 Airport North Office Park 
Fort Wayne, IN 46825 
Tel: 219-489-8205 
Fax: 219-489-8408 

Indianapolis 

Electro Reps, Inc. 
7240 Shadeland Station, Suite 275 
Indianapolis, IN 46256 
Tel: 317-842-7202 
Fax: 317-841-0230 

Iowa 

Spectrum Sales 
1364 Elmhurst Drive NE 
Cedar Rapids, IA 52402 
Tel: 319-366-0576 
Fax: 319-366-0635 

Kansas 

Spectrum Sales 
5382 W. 95th Street 
Prairie Village, KS 66207 
Tel: 913-648-6811 
Fax: 913-648-6823 
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Kentucky 

Northern 

Technology Marketing Corporation 
9200 Montgomery Road 
Suite 11A 
Cincinnati, OH 45242 
Tel: 513-984-6720 
Fax: 513-984-6874 

Southern 

Electro Reps, Inc. 
7240 Shadeland Station, Suite 275 
Indianapolis, IN 46256 
Tel: 317-842-7202 
Fax: 317-841-0230 

Louisiana 

CompTech Sales, Inc. 
10550 Richmond Avenue 
Suite 105 
Houston, TX 77042 
Tel: 713-781-7420 
Fax: 713-781-5865 

Maine 

S-J New England, Inc. 
44 Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 

Maryland 

S-J Chesapeake 
900 S. Washington Street 
Suite 307 
Falls Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 

Massachusetts 

S-J New England, Inc. 
44 Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 

Michigan 

Farmington Hilts 

J. L. Montgomery Associates, Inc. 
34405 West 12 Mile Road, Suite 149 
P.O. Box 2726 
Fannington Hills, Ml 48333-2726 
Tel: 810-489-0099 
Fax: 810-489-0189 

Grand Rapids 

J. L. Montgomery Associates, Inc. 
2215 Oak Industrial Drive NE 
Grand Rapids, Ml 49505 
Tel: 616-458-5490 
Fax: 616-458-5709 

© 1995 Microchip Technology Inc. 

Factory Representatives 

Minnesota 

Comprehensive Technical Sales Inc. 
6513 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612-941-7181 
Fax: 612-941c4322 

Mississippi 

Concord Component Reps Inc. 
190 Lime Quarry Road, Suite 102 
Madison, AL 35758 
Tel: 205-772-8883 
Fax: 205-772-8262 

Missouri 

Spectrum Sales 
5494 Brown Road, Suite 124 
St. Louis, MO 63042 
Tel: 314-731-4477 
Fax: 314-731-1332 

Montana 

Western Region Marketing 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303-428-8088 
Fax: 303-426-8585 

Nebraska 

Spectrum Sales 
5382 W. 95th Street 
Prairie Village, KS 66207 
Tel: 913-648-6811 
Fax: 913-648-6823 

Nevada 

Northern 

Trinity Technologies 
1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 

Southern 

Western High Tech Marketing, Inc. 
9414 E. San Salvador, Suite 206 
Scottsdale, AZ 85258 
Tel: 602-860-2702 
Fax: 602-860-2712 

New Hampshire 

S-J New England, Inc. 
44 Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 

New Jersey 

Northern 

Parallax 
734 Walt Whitman Road 
Melville, NY 11747 
Tel: 516-351-1000 
Fax: 516-351-1606 

Southern 

S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, NJ 08054 
Tel: 609-866-1234 
Fax: 609-866-8627 

New Mexico 

Western High Tech Marketing, Inc. 
9414 E. San Salvador, Suite 206 
Scottsdale, AZ 85258 
Tel: 602-860-2702 
Fax: 602-860-2712 

New York 

Melville 

Parallax 
734 Walt Whitman Road 
Melville, NY 11747 
Tel: 516-351-1000 
Fax: 516-351-1606 

Rochester 

Apex Associates, Inc. 
1210 Jefferson Road 
Rochester, NY 14623 
Tel: 716-272-7040 
Fax: 716-272-7756 

North Carolina 

Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919-782-8433 
Fax: 919-782-8476 

North Dakota 

Comprehensive Technical Sales Inc. 
6513 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612-941-7181 
Fax: 612-941-4322 
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Factory Representatives 

Ohio 

Cincinnati 

Technology Marketing Corporation 
9200 Montgomery Road, Suite 11 A 
Cincinnati, OH 45242 
Tel: 513-984-6720 
Fax: 513-984-6874 

Middleburg Heights 

Technology Marketing Corporation 
7017 Pearl Road 
Middleburg Heights, OH 44130 
Tel: 216-885-5544 
Fax: 216-885-5011 

Oklahoma 

CompTech Sales, Inc. 
18700 Woodbriar Lane 
Catoosa, OK 74015 
Tel: 918-266-1966 
Fax: 918-266-1808 

Oregon 

Micro Sales 
1865 N.W. 169th Pl. #210 
Beaverton, OR 97006 
Tel: 503-645-2841 
Fax: 503-645-3754 

Pennsylvania 
Eastern 

S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, NJ 08054 
Tel: 609-866-1234 
Fax: 609-866-8627 

Western 

Technology Marketing Corporation 
9200 Montgomery Road, Suite 11A 
Cincinnati, OH 45242 
Tel: 513-984-6720 
Fax: 513-984-6874 

Rhode Island 

S-J New England, Inc. 
44 Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 

South Carolina 

Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919-782-8433 
Fax: 919-782-8476 
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South Dakota 

Comprehensive Technical Sales Inc. 
6513 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612-941-7181 
Fax: 612-941-4322 

Tennessee 

Eastern 

Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919-782-8433 
Fax: 919-782-8476 

Western 

Concord Component Reps Inc. 
6825 Jimmy Carter Boulevard 
Norcross, GA 30071 
Tel: 404-416-9597 
Fax: 404-441-0790 

Texas 

Austin 

CompTech Sales, Inc. 
11130 Jollyville Road, Suite 200 
Austin, TX 78759 
Tel: 512-343-0300 
Fax: 512-345-2530 

Brownsville 

CompTech Sales, Inc. 
2390 Central Blvd., Suite P 
Brownsville, TX 78520 
Tel: 210-504-9693 
Fax: 210-504-9982 

El Paso 

CompTech Sales, Inc. 
3120 Wheeling Rd. 
El Paso, TX 79930 
Tel: 915-566-1022 
Fax: 915-566-1030 

Houston 

CompTech Sales, Inc. 
10550 Richmond Avenue 
Suite 105 
Houston, TX 77042 
Tel: 713-781-7420 
Fax: 713-781-5865 

Irving 

CompTech Sales, Inc. 
2401 Gateway Drive 
Suite 114 
Irving, TX 75063 
Tel: 214-751-1181 
Fax: 214-550-8113 

Utah 

Western Region Marketing 
3539 South Main, Suite 210 
Salt Lake City, UT 84115 
Tel: 801-268-9768 
Fax: 801-268-9796 

Vermont 

S-J New England, Inc. 
44 Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 

Virginia 

S-J Chesapeake 
900 S. Washington Street 
Suite 307 
Falls Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 

Washington 

Micro Sales 
2122 -112th Ave. N.E. 
Bellevue, WA 98004 
Tel: 206-451-0568 
Fax: 206-453-0092 

West Virginia 

S-J Chesapeake 
900 S. Washington Street 
Suite 307 
Falls Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 

Wisconsin 

Janus Incorporated 
375 Williamstowne 
Delafield, WI 53018 
Tel: 414-646-5420 
Fax: 414-646-2421 

Wyoming 

Western Region Marketing 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303-428-8088 
Fax: 303-426-8585 
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AFRICA 

Sowth Africa 

Pace Electronic Components Ltd. 
Cnr. Vanacht & Gewel Streets 
P.O. Box 701 
lsando 1600, Transvaal 
Republic of South Africa 
Tel: 27/11-97 41211 
Fax: 27/11-9741271 

ASIA/PACIFIC 

Australia 

Har-Tee Australia 
205 Middleborough Road 
Box Hill, Victoria Australia 3128 
Tel: 61-3-890-0970 
Fax: 61-3-899-5191 

China 

Wuhan Liyuan 
107-2 Luo Yu Road 
Wuhan 430070 
Peoples Republic of China 
Tel: 86-27-7802986 
Fax: 86-27-7802985 

Fuzhou Dingxu 
3/F, No3 Building 
Chang Ting Industrial Area 
Xianjin Rd 
Fuzhou 
Peoples Republic of China 
Tel: 86-591-372-9174 
Fax: 86-591-371-7704 

Goldenchip Electronics 
7/F, 275 Wushi Road 
Fuzhou 
Peoples Republic of China 
Tel: 86-591-784-4159 
Fax: 86-591-784-4160 

© 1995 Microchip Technology Inc. 

Distributors 

Hong Kong 

Goldenchip Research 
iiiF, ii 16-7 Kwai on Fiy Bidg 
103 Tai Lin Pai Road 
Kwai Chung, N.T. Hong Kong 
Tel: 852-2426-3968 
Fax: 852-2481-7403 

lnfinitron 
Rm 802, 8/F Kinox Centre 
9 Hung To Rd, Kwun Tong 
Kowloon 
Hong Kong 
Tel: 852-2341-6611 
Fax: 852-2950-0987 

Excelpoint Systems 
Rm. 2108, Fortress Tower 
250 King's Road 
North Point 
Hong Kong 
Tel: 852-2503-2212 
Fax: 852-2503-1558 

India 

Excelpoint Systems 
11/1 &111/2 Dickenson Road 
Bangalore 560042 India 
Tel: 91-80-5586719 
Fax: 91-80-5586606 

Japan 

Dianichi Contronics Inc. 
Dainichi Bldg. 1-7 Karaku-Chrome, 
Bunkyo-Ku 
Tokyo 112, Japan 
Tel: 81-3-818-8081 
Fax: 81-3-3818-8088 

Marubeni Hytech Co., Ltd. 
Marubeni Hytech Building 
4-20-22, Koishikawa 
Bunkyo-Ku 
Tokyo 112 Japan 
Tel: 81-3-3817-4921 
Fax: 81-3-3817-4880 

Japan (continued) 

Nippon Precision Device Corp. 
Nichibel Tlmtt 24 Bldg. 
35 Tansu-Cho, Shinjuku-Ku 
Tokyo 162 Japan 
Tel: 81-3-3260-1411 
Fax: 81-3-3260-7100 

Ryoden Trading Co. 
3-15-15, Higashi lkebukuro 
Tashima-Ku 
Tokyo 170 Japan 
Tel: 81-3-5396-6197 
Fax: 81-3-5396-6443 

Unidux 
5-1-21, Kyonan-cho 
Musashino-shi 
Tokyo 180 Japan 
Tel: 81-422-32-4111 
Fax: 81-422-31-2050 

Korea 

ProCHIPS Inc. 
779-12, Daelim 3-Dong 
Youngdeungpo-Ku, 
Seoul, Korea 
Tel: 822-849-8567 
Fax: 822-849-8659 

New Zealand 

Har-Tee NZ Limited 
50 O'Rourke Road 
P.O. Box 12055 
Penrose, Aukland New Zealand 
Tel: 64-9-525-1096 
Fax: 64-9-525-1097 
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Distributors 

ASIA/PACIFIC (continued) 

Singapore 

Gates Engineering 
5611 North Bridge Road 
#06-01 Eng Cheong Tower 
Singapore 0719 
Tel: 65-299-9937 
Fax: 65-299-7636 

Excelpoint Systems 
12 Tannery Lane #06-01/02 
Beam Building 
Singapore 1334 
Tel: 65-741-8980 
Fax: 65-741-8980 

Taiwan, R.0.C. 

Solomon Technology Corp. 
5th Floor, No. 293, Sec. 5 
Chung Hsiao E. Rd. 
Taipei, Taiwan, R.O.C. 
Tel: 886-02-788-8989 
Fax: 866-02-788-8029 

Pinnacle Technologies Co. Ltd. 
4F, No. 270, Sec. 3 
Nan-Kang Road 
Taipei, Taiwan, R.O.C. 
Tel: 02 788 4800 
Fax: 02 788 5969 
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CANADA 

Vancouver, British Columbia 

Farnell Electronic Services 
8525 Baxter Place, Unit 101 
Production Court 
Burnaby, B.C. V5A 4V7 
Canada 
Tel: 604-421-6222 
Fax: 604-421-0582 

Semad Electronics 
3700 Gilmore Way, #212 
Burnaby, B.C. V5G 4M1 
Canada 
Tel: 604-451-3444 
Fax: 604-451-3445 

Pioneer/Zentronics 
4455 No. 6 Road 
Richmond, B.C. V6V 1 P8 
Canada 
Tel: 604-273-5575 
Fax: 604-273-2413 

Future Electronics 
1695 Boundary Road 
Vancouver, B.C. V5K 4X7 
Canada 
Tel: 604-294-1166 
Fax: 604-294-1206 

Calgary, Alberta 

Farnell Electronic Services 
3015 - 5th Ave. NE 
Suite 210. 
Calgary, Alberta T2A 6T8 
Canada 
Tel: 403-273-2780 
Fax: 403-273-7458 

Future Electronics 
2015 32nd Ave. N.E., Unit 1 
Calgary, Alberta T2E 6Z3 
Canada 
Tel: 403-250-5550 
Fax: 403-291-7054 

Pioneer/Zentronics 
#560, 1212-31st Avenue N.E. 
Calgary, Alberta T2E 7S8 
Canada 
Tel: 403-291-1988 
Fax: 403-291-0740 

Semad Electronics 
6815 8th St. N.E. 
Suite 175 
Calgary, Alberta T2E 7H7 
Canada 
Tel: 403-252-5664 
Fax: 800-565-9779 
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Edmonton, Alberta 

Future Electronics 
4606-97th Street 
Edmonton, Alberta T6E SNG 
Canada 
Tel: 403-438-28S8 
Fax: 403-434-0812 

Pioneer/Zentronics 
Plaza 124 #708 
10216-124 Street 
Edmonton, Alberta TSN 4A3 
Canada 
Tel: 403-482-3038 
Fax: 403-482-1336 

London, Ontario 

Pioneer/Zentronics 
148 York street, Suite 209 
London NGA 1 A9 
Canada 
Tel: S19-672-4666 
Fax: S19-672-3S28 

Toronto, Ontario 

Farnell Electronic Seivices 
300 N. Rivermede Road 
Concord, Ontario L4K 2Z4 
Canada 
Tel: 416-798-4884 
Fax: 416-798-4889 

Samad Electronics 
8S Spy Court 
Markham, Ontario L3R 4Z4 
Canada 
Tel: 416-47S-3922 
Fax: 416-47S-41S8 

Future Electronics 
S93S Airport Road, Suite 200 
Mississauga, Ontario L4V 1WS 
Canada 
Tel: 90S-612-9200 
Fax: 90S-612-918S 

Pioneer/Zentronics 
341 S American Drive 
Mississauga, Ontario L4V 1T4 
Canada 
Tel: 90S-40S-8300 
Fax: 90S-40S-6423 
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Ottawa, Ontario 

Farnell Electronic Seivices 
39 Robertson Road, Suite S06 
Bell Mews 
Nepean, Ontario K2H 8R2 
Canada 
Tel: 613-S96-6980 
Fax: 613-S96-6987 

Pioneer/Zentronics 
223 Colonnade Road, Suite 112 
Nepean, Ontario K2E 7K3 
Canada 
Tel: 613-226-8840 
Fax: 613-226-63S2 

Future Electronics 
10SO Baxter Road 
Ottawa, Ontario K2C 3P2 
Canada 
Tel: 613-820-8313 
Fax: 613-820-3271 

Semad Electronics 
2781 Lancaster 
Suite 302 
Ottawa, Ontario K1B 1A7 
Canada 
Tel: 613-526-4866 
Fax: 613-523-4372 

Montreal, Quebec 

Farnell Electronic Seivices 
6600 Trans Canada Highway 
Suite 620 
Pointe Clare, Quebec H9R 4S2 
Canada 
Tel: S14-697-8149 
Fax: S14-697-1210 

Future Electronics/Branch 
237 Hymus Boulevard 
Pointe Claire, Quebec H9R 5C7 
Canada 
Tel: S14-694-7710 
Fax: S14-69S-3707 

Semad Electronics 
243 Place Frontenac 
Pointe Clare, Quebec H9R 427 
Canada 
Tel: S14-694-0860 
Fax: S14-694-096S 

Pioneer/Zentronics 
S20 Mccaffrey Street 
Ville St. Laurent, Quebec H4T 1 N1 
Canada 
Tel: S14-737-9700 
Fax: S14-737-S212 

Distributors 

Quebec City, Quebec 

Future Electronics 
1000 Ave. St. Jean Baptiste 
Suite 100 
Quebec G2E SGS 
Canada 
Tel: 418-877-6666 
Fax: 418-877-6671 

Pioneer/Zentronics 
29S4 Blvd. Laurier 
Suite iOO 
Ste-Foy, Quebec G1V 4T2 
Canada 
Tel: 418-654-1077 
Fax: 418-6S4-29S8 

Winnipeg, Manitoba 

Pioneer/Zentronics 
S40 Marjorie Street 
Winnipeg, Manitoba R3H OS9 
Canada 
Tel: 204-989-1957 
Fax: 204-633-9255 

Future Electronics 
106 King Edward 
Winnipeg, Manitoba R3H ON8 
Canada 
Tel: 204-944-1446 
Fax: 204-783-8133 

Farnell Electronic Seivices 
Unit 2SO, 162S Dublin Ave. 
Winnipeg, Manitoba R3H OW3 
Canada 
Tel: 204-786-2589 
Fax: 204-786-2637 
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Distributors 

EUROPE 

Austria 

Elbatex GmbH 
Eitnergasse 6 
A-1230 Wien 
Austria 
Tel: 43/1-86642-0 
Fax: 43/1-86642-201 

Belgium, Netherlands 

Sonetech 
P.O. Box258 
5670 AG Nuenen 
Netherlands 
Tel: 31-40-837075 
Fax: 31-40-832300 

Memec Benelux 
Rue 1200 Bruxelles 
Saint Lambert 135 
Belgium 
Tel: 010-32-2778-9850 
Fax: 010-32-2778-9858 

Denmark 

Arrow Exatec 
Mileparken 20E 
2740 Skovlund 
Denmark 
Tel: 45-44-927000 
Fax: 45-44-926020 
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England 

Polar Electronics PLC 
Cherrycourt Way 
Leighton Buzzard 
Bedfordshire LU? 8YY England 
Tel: 44-1525-377093 
Fax: 44-1525-378367 

Farnell Multi 
346 Edinburgh Avenue 
Slough 
Berkshire SL1 4TU England 
Tel: 44-1753-84212 
Fax: 44-1753-824160 

Future Electronics Ltd. 
Future House 
Poyle Road, Colnbrook 
Berkshire SL3 OEZ England 
Tel: 44-1753-763000 
Fax: 44-1753-689100 

Eiger Technologies 
14 Howard Court 
Manor Park Avenue 
Manor Park Runcorn 
Cheshire WA? 1 SJ England 
Tel: 44-1928-579009 
Fax: 44-1928-579123 

Hawke Components Ltd. 
26 Campbell Court 
Bramley NR.Bassingstoke 
Hantshire RG26 5EG England 
Tel: 44-1258-880800 
Fax: 44-1256-880325 

H.B. Electronics Ltd. 
Lever Street 
Bolton 
Lancshire BL3 6BJ England 
Tel: 44-1204-525544 
Fax: 44-1204-384911 

Finland 

Memec Finland 
Asemankello 
Vemissankatu 6 
Fin 01300 Vantaa 
Finland 
Tel: 358-07001-9830 
Fax: 358-07001-9839 

France 

Mecodis 
Pare d'Activites 
3 Allee des Erables 
94042 CRETEIL Cedex 
France 
Tel: 33 1 43 99 44 00 
Fax: 33 1 43 99 98 28 

Farnell Electronic Services 
BP 69 Saint Aubin 
91192 GIF Sur Yvette Cedex 
France 
Tel: 33 1 69 85 83 00 
Fax: 33 1 69 85 83 99 

Scaib SA 
6 rue Ambroise Croizat 
ZI des Glaises - BP 58 
91122 Palaiseau Cedex 
France 
Tel: 33 1 69 19 89 00 
Fax: 33 1 69 19 89 20 
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Germany 

Rutronik RSC-Halbleiter GmbH 
lndustriestr. 2 
D-75228 lspringen 
Germany 
Tel: 49/7231-801-0 
Fax: 49/7231-82282 

Future Electronics Deutsch land GmbH 
Muenchner Sir. 18 
D-8577 4 Untertoehring 
Germany 
Tel: 49/89-95727-0 
Fax: 49/89-95727-140 

Semitron W. Roeck GmbH 
Im Gut 1 
D-79790 Kuessaberg 
Germany 
Tel: 4917742-8001-0 
Fax: 4917742-6901 

Avnet E2000 GmbH 
Stahlgruberring 12 
D-81829 Muenchen 
Germany 
Tel: 49/89-4 5110-01 
Fax: 49/89-4 5110-210 

Metronik GmbH 
Leonhardsweg 2 
D-82008 Unterhaching 
Germany 
Tel: 49/89-61108-0 
Fax: 49/89-61108-155 

Greece 

P. Caritato & Associates S.A. 
Ilia lliou 31 
Athens 117 43 
Greece 
Tel: 30 1 902 01 15 
Fax: 30 1 901 70 24 

Hungary 

Humansoft Ltd. 
Angol u. 24/b 
H-1149 Budapest 
Hungary 
Tel: 36/1162-2879 
Fax: 36/1251-3673 
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Israel 

Elina Electronics Ltd. 
14 Raoul Wallenberg St. 
P.O. Box 13190 
Tel Aviv 61131 Israel 
Tel: 972 3 49 85 43 
Fax: 972 3 49 87 45 

Italy 

Eurelettronica Sri 
Viale E. Fermi 8 
~0090 Assago Miiano 
Italy 
Tel: 39-2-457841 
Fax: 39-2-4880275 

Farnell Spa 
Viale Milanofiori E/5 
20090 Assago Milano 
Italy 
Tel: 39-2-824701 
Fax: 39-2-82470278 

Kevin 
Via del Gradenigo, 3 
20148 Milano 
Italy 
Tel: 39-2-48706300 
Fax: 39-2-48706500 

Norway 

Berendsen 
P.O. Box 9376 Gronlund 
N0135 
Oslo Norway 
Tel: 47-22-677290 
Fax: 47-22-677380 

Portugal 

Digicontrole 
Dpt Comercial 
Aven. Eng Arantes E. Oliveira 52d 
1900 LISBOA 
Portugal 
Tel: 35 11 80 57 30 
Fax: 35 11 849 03 73 

Distributors 

Russia 

Gamma Ltd. 
Grazdanski PR-T 
111 KOM 427, 429 
Elektronmash Building 
R-195265 St. Petersburg 
Russia 
Tel: 7/812-5311-180 
Fax: 7/812-5311-402 

Spain 

Sagiiron 
Corazon de Maria 80/82 
28002 Madrid 
Spain 
Tel: +3414169261 
Fax: +34 1 415 86 52 

Sweden 

Memec Scandinavia AB 
Kvarnholmsvagen 52 
131 31 Nacka 
Sweden 
Tel: 011-46-8643-4190 
Fax: 011-46-8643-1195 

Switzerland 

Elbatex Gruppe AG 
Hardstr. 72 
CH-5430 Wettingen 
Switzerland 
Tel: 41/56-275100 
Fax: 41/56-275454 

Semitron W:Roeck & Co. 
Promenadenstr.6 
CH-8047 Zuerich 
Switzerland 
Tel: 41/56-493383 
Fax: 41/56-493569 

Avnet E2000 AG 
Boehnirainstr. 11 
CH-8801 Thalwil 
Switzerland 
Tel: 41/1-7221330 
Fax: 41/1-7221340) 

Turkey 

Inter Muehendislik Danismanlik 
Ve Ticaret A.S. 1 
Hasircbasi Caddesi No. 55 
81310 Kadikoy 
Istanbul 
Turkey 
Tel: 90 216 349 94 00 
Fax: 90 216 349 94 31 
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Distributors 

MEXICO 

Mexico, D.F. 

Semiconductores Profesionales 
Madrid No. 55 
Col. Del Carmen Coyoacan 
04100 Mexico, D. F. 
Tel: 525-658-6Q.11 
Fax: 525-658-60-44 

Edo de Mexico 

Electronica Seta 
Galeana No. 114-20 Piso 
La Loma Tlalnepantla 
54060 Edo de Mexico 
Tel: 525-390-77-13 
Fax: 525-390-94-68 

Guadalajara 

Future Electronics de Mexico 
S.A. de C.V. 
Prol. Americas 1600 
2 do Pisco 
Guadalajara, Jalisco 
Mexico 44610 
Tel: 523-678-9281 
Fax: 523-678-9200 
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SOUTH AMERICA 

Argentina 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Bolivia 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Brazil 

Aplicacoes Eletronicas 
Artimar Ltda. 
Rua Marques de ltu N°. 70-10And. 
CEP 01223 
Sao Paulo, Brazil 
Tel: 55-11-231-0277 
Fax: 55-11-255-0511 

Caribbean 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Chile 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Columbia 
lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Ecuador 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Paraguay 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Peru 
lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Uruguay 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Venezula 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 
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UNITED STATES 

Alabama 

Future Electronics 
4825 University Square, Suite 12 
Huntsville, AL 35816 
Tel: 205-830-2322 
Fax: 205-830-6664 

Pioneer Technologies 
4835 University Square, Suite 5 
Hunlsviiie, AL 358i6 
Tel: 205-837-9300 
Fax: 205-837-9358 

Arizona 

Bell Industries 
10611 North Hayden Road 
Building D, Suite 103 
Scottsdale, AZ. 85260 
Tel: 602-905-2355 
Fax: 602-905-2356 

Future Electronics 
4636 E. University Dr., Suite 245 
Phoenix, AZ 85034 
Tel: 602-968-7140 
Fax: 602-968-0334 

Pioneer Standard 
1438 W. Broadwa, Suite B140 
Tempe, AZ 85282 
Tel: 602-350-9335 
Fax: 602-350-9376 
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California 

San Jose Area 

Bell Industries 
1161 N. Fairoaks Ave. 
Sunnyvale, CA 94089 
Tel: 408-734-8570 
Fax: 408-734-8875 

Future Electronics 
1024 Marilyn Dr. 
Mountain View. CA 94040 
Tel: 408-232-1998 
Fax: 408-433-0822 

Future Electronics 
2220 O'Toole Ave. 
San Jose, CA 95131 
Tel: 408-434-1122 
Fax: 408-433-0822 

Pioneer Technical Products 
333 River Oaks Parkway 
San Jose, CA 95134 
Tel: 408-954-9100 
Fax: 408-954-9113 

Roseville 

Bell Industries 
300 Douglas Blvd., Suite 205 
Roseville, CA 95661 
Tel: 916-781-8070 
Fax: 916-781-2954 

Future Electronics 
755 Sunrise Avenue, Suite 150 
Roseville, CA 95661 
Tel: 916-783-7877 
Fax: 916-783-7988 

Agoura Hills 

Bell Industries 
30101 Agoura Court, Suite 118 
Agoura Hills, CA 91301 
Tel: 818-865-7900 
Fax: 818-991-7695 

Future Electronics 
27489 West Agoura Road, Suite 300 
Agoura Hills, CA 91301 
Tel: 818-865-0040 
Fax: 818-865-1340 

Pioneer Standard 
5126 Clareton Dr., Suite 160 
Agoura Hills, CA 91301 
Tel: 818-865-5800 
Fax: 818-865-5814 

Distributors 

Los Angeles 

Bell Industries 
11812 San Vicente Blvd., Suite 300 
Los Angeles, CA 90049 
Tel: 310-826-2355 
Fax: 310-447-3265 

Irvine 

Bell Industries 
220 Technology Dr. #100 
Irvine, CA 92718 
Te!: 714-727-4500 
Fax: 714-453-4610 

Future Electronics 
258 Technology, Suite 200 
Irvine, CA 92718 
Tel: 714-453-1515 
Fax: 714-453-1226 

Pioneer Standard 
217 Technology Drive #110 
Irvine, CA 92718 
Tel: 800-753-5090 
Fax: 714-753-5074 

San Diego 

Aegis Electronic Group, Inc. 
1015 Chestnut Ave., Suite G2 
Carlsbad, CA 92008 
Tel: 619-729-2026 
Fax: 619-729-9295 

Bell Industries 
5520 Ruffin Rd., Suite 209 
San Diego, CA 92123 
Tel: 619-576-3294 
Fax: 800-444-0139 

Future Electronics 
5151 Shoreham Place, Suite 220 
San Diego, CA 92122 
Tel: 619-625-2800 
Fax: 619-625-2810 

Pioneer Standard 
9449 Balboa Ave., Suite 114 
San Diego, CA 92123 
Tel: 619-514-7700 
Fax: 619-514-7799 
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Distributors 

Colorado 
Bell Industries 
1873 S. Bellaire St. 
Denver, CO 80222 
Tel: 303-691-9270 
Fax: 303-790-4991 

Future Electronics 
12600 W. Colfax Avenue 
Suite B110 
Lakewood, CO 80215 
Tel: 303-232-2008 
Fax: 303-232-2009 

Pioneer Technologies 
5600 Greenwood Plaza Blvd. 
Suite 201 
Englewood, CO 80111 
Tel: 303-773-8090 
Fax: 303-773-8194 

Connecticut 
Bell Industries 
1064 East Main Street 
Meriden, CT 06450 
Tel: 203-639-6000 
Fax: 203-639-6005 

Future Electronics 
700 W. Johnson Ave. 
Westgate Office Center 
Cheshire, CT 06410 
Tel: 203-250-0083 
Fax: 203-250-0081 

Pioneer Standard 
Two Trap Falls #101 
Shelton, CT 06484 
Tel: 203-929-5600 
Fax: 203-929-9791 
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Florida 
Altamonte Springs 

Bell Industries 
650 S. North Lake Blvd. #400 
Altamonte Springs, FL 32701 
Tel: 407-339-0078 
Fax: 407-339-0139 

Future Electronics 
237 S. Westmonte Drive, Suite 307 
Altamonte Springs, FL 32714 
Tel: 407-865-7900 
Fax: 407-865-7660 

Pioneer Technologies 
337 South-North Lake, Suite 1000 
Altamonte Springs, FL 32701 
Tel: 407-834-9090 
Fax: 407-834-0865 

Deerfield Beach 

Future Electronics 
1400 E. Newport Center Drive 
Suite 200 
Deerfield Beach, FL 33442 
Tel: 305-426-4043 
Fax: 305-426-3939 

Pioneer Technologies 
674 S. Military Trail 
Deerfield Beach, FL 33442 
Tel: 305-428-8877 
Fax: 305-481-2950 

Largo 

Future Electronics 
2200 Tall Pines Drive, Sutte 108 
Largo, FL 34641 
Tel: 813-530-1222 
Fax: 813-538-9598 

Georgia 
Pioneer Technologies 
4250 C Rivergreen Pkwy. 
Duluth, GA 30136 
Tel: 404-623-1003 
Fax: 404-623-0665 

Bell Industries 
3020 Business Park Drive, Suite A 
Norcross, GA 30071 
Tel: 404-446-7167 
Fax: 404-446-7264 

Future Electronics 
3150 Holcomb Bridge Rd. 
Suite 130 
Norcross, GA 30071 
Tel: 404-441-7676 
Fax: 404-441-7580 

Illinois 
Bell Industries 
870 Cambridge Drive 
Elk Grove Village, IL 60007 
Tel: 708-640-1910 
Fax: 708-640-1942 

Future Electronics 
3150 W. Higgins Rd., Suite 160 
Hoffman Estates, IL 60195 
Tel: 708-882-1255 
Fax: 708-490-9290 

Pioneer Standard 
2171 Executive Drive #200 
Addison, IL 60101 
Tel: 708-495-9680 
Fax: 708-495-9831 
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Indiana 

Fort Wayne 

Bell Industries 
525 Airport North Office Park 
Fort Wayne, IN 46825 
Tel: 219-490-2100 
Fax: 219-490-2104 

Pioneer Standard 
237 Airport N. Office Park 
Fort Wayne, IN 46825 
Tel: 219-489-0283 
Fax: 219-489-6262 

Indianapolis 

Bell Industries 
5230 W. 79th St. 
P.O. Box 6885 
Indianapolis, IN 46268 
Tel: 317-875-8200 
Fax: 317-875-8219 

Future Electronics 
8425 Woodfield Crossing 
Suite 175 
Indianapolis, IN 46240 
Tel: 317-469-0447 
Fax: 317-469-0448 

Pioneer Standard 
9350 N. Priority Way W. Dr. 
Indianapolis, IN 46240 
Tel: 317-573-0880 
Fax: 317-573-0979 

Kansas 

Future Electronics 
8826 Sante Fe Drive, Suite 150 
Overland Park, KS 66212 
Tel: 913-649-1531 
Fax: 913-649-1786 
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Maryland 

Bell Industries 
8945 Guilford Rd., Suite 130 
Columbia, MD 21046 
Tel: 800-274-6953 
Fax: 410-290-8006 

Future Electronics 
6716 Alexander Bell Drive 
Suite 101 
Columbia, MD 21046 
Tel: 410-290-0600 
Fax: 410-290-0328 

Seymour Electronics 
Columbia Business Center 
6440 Dobbin Road, Suite B 
Columbia, MD 21045 
Tel: 410-992-7474 
Fax: 410-992-7410 

Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, MD 20877 
Tel: 301-921-3953 
Fax: 301-921-4255 

Pioneer Technologies 
1581 O Gaither Drive 
Gaithersburg, MD 20877 
Tel: 301-921-3822 
Fax: 301-921-3858 

Massachusetts 

Bell Industries 
100 Burtt Road #106 
Andover, MA 01810 
Tel: 508-474-8880 
Fax: 508-474-8902 

Future Electronics 
41 Main Street 
Bolton, MA 01740 
Tel: 508-779-3000 
Fax: 508-779-3050 

Pioneer Standard 
44 Hartwell Ave. 
Lexington, MA 02173 
Tel: 617-861-9200 
Fax: 617-863-1547 

Distributors 

Michigan 

Grand Rapids 

Future Electronics 
4505 Broadmoor S.E. 
Grand Rapids, Ml 49512 
Tel: 616-698-6800 
Fax: 616-698-6821 

Pioneer Standard 
4467 Byron Ctr Rd SW 
Grand Rapids, Ml 49509 
Tel: 616-534-3145 
Fax: 616-534-3922 

Detroit Area 

Future Electronics 
35200 Schoolcraft Road, Su~e 106 
Livonia, Ml 48150 
Tel: 313-261-5270 
Fax: 313-261-8125 

Pioneer Standard 
44190 Plymouth Oak Blvd. 
Plymouth, Ml 48170 
Tel: 313-525-1800 
Fax: 313-427-3720 
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Distributors 

Minnesota 

Bloomington 

Bell Industries 
9400 James Ave. So. #142 
Bloomington, MN 55431 
Tel: 612-888-7247 
Fax: 612-888-7757 

Eden Prairie 

Future Electronics 
10025 Valley View Road, Suite 196 
Eden Prairie, MN 55344 
Tel: 612-944-2200 
Fax: 612-944-2520 

Pioneer Standard 
7625 Golden Triangle 
Eden Prairie, MN 56344 
Tel: 612-944-3355 
Fax: 612-944-3794 

Thief River Falls 

Digi-Key Corporation 
701 Brooks Ave. So. 
P.O. Box 677 
Thief River Falls, MN 55344 
Tel: 218-681-6674 
Fax: 218·681-3380 

Missouri 

Future Electronics 
12125 Woodcrest Executive Dr. 
Suite 220 
St. Louis, MO 63141 
Tel: 314-469-6805 
Fax: 314-469-7226 
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New Jersey 

Northern 

Bell Industries 
271 Route 46 West 
Suites F202-203 
Fairfield, NJ 07004 
Tel: 201-227-6060 
Fax: 201-227-2626 

Pioneer Standard 
14A Madison Road 
Fairfield NJ 07006 
Tel: 201-575-3510 
Fax: 201-575-3454 

Future Electronics 
1259 Route 46 East 
Parsippany, NJ 07054 
Tel: 201-299-0400 
Fax: 201-299-1377 

Phase 1 Technology 
295 Molnar Drive 
Elmwood Park, NJ 07407 
Tel: 201-791-2990 
Fax: 201-791-2552 

Seymour Electronics Corporation 
357 Crossways Park Drive 
Woodbury, NY 11797-2042 
Tel: 516-496-7474 
Fax: 516-496-0857 

Southern 

Bell Industries 
158 Gaither Drive, Suite 11 O 
Mt. Laurel, NJ 08054 
Tel: 609-439-9009 
Fax: 609-439-0570 

Seymour Electronics 
520 Fellowship Road, Suite A 104 
Mt. Laurel, NJ 08054 
Tel: 609-235-7474 
Fax: 609-235-4992 

Future Electronics 
12 East Stow Road, Suite 200 
Marlton, NJ 08053 
Tel: 609-596-4080 
Fax: 609-596-4266 

New Mexico 

Bell Industries 
11728 Linn N.E. 
Albuquerque, NM 87123 
Tel: 505-292-2700 
Fax: 505-275-2819 

New York 

Binghamton 

Pioneer Standard 
1249 Front Street, Suite 201 
Binghamton, NY 13901 
Tel: 607-722.9300 
Fax: 607-722-9562 

Long Island 

Future Electronics 
801 Motor Parkway 
Hauppauge, NY 11788 
Tel: 516-234-4000 
Fax: 516-234-6183 

Phase 1 Technology 
46 Jelryne Blvd. 
Deer Park, NY 11729 
Tel: 516-254-2600 
Fax: 516-254-2693 

Pioneer Standard 
60 Crossways Park West 
Woodbury, NY 11797 
Tel: 516-921-8700 
Fax: 516-921-2143 

Seymour Electronics 
357 Crossways Park Drive 
Woodbury, NY 11797-2042 
Tel: 516-496-7474 
Fax: 516-496-0857 

Fairport 

Pioneer Standard 
840 Fairport Park 
Fairport, NY 14450 
Tel: 716-381-7070 
Fax: 716-381-5955 

Rochester 

Future Electronics 
300 Linden Oaks 
Rochester, NY 14625 
Tel: 716-387-9550 
Fax: 716-387-9563 

Syracuse 

Future Electronics 
200 Salina Meadows Parkway 
Suite 130 
Syracuse, NY 13212 
Tel: 315-451-2371 
Fax: 315-451-7258 
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North Carolina 

Future Electronics 
8401 University Executive PK. 
Suite 108 
Charlotte, NC 28262 
Tel: 704-547-1107 
Fax: 704-547-9650 

Future Electronics 
5225 Capital Blvd. 
1 North Commerce Center 
Raleigh, NC 27604 
Tel: 919-790-7111 
Fax: 919-790-9022 

Pioneer Technologies 
2200 Gateway Centre Blvd. 
Suite 215 
Morrisville, NC 27560 
Tel: 919-460-1530 
Fax: 919-460-1540 
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Ohio 

Cleveland 

Pioneer Standard 
4800 East 131 st St. 
Cleveland, OH 44105 
Tel: 216-498-6305 
Fax: 216-587-3906 

Future Electronics 
6009-E Landerhaven Dr. 
Mavfield Heiohts. OH 44124 
Tel; 216-449-6996 
Fax: 216-449-8987 

Bell Industries 
31200 Solon Road Unit 11 
Solon, OH 44139 
Tel: 216-498-2002 
Fax: 216-498-2006 

Pioneer Standard 
29125 Solon Road 
Solon, OH 44139 
Tel: 216-248-8710 
Fax: 216-248-9166 

Dayton 

Bell Industries 
446 Windsor Park Drive 
Dayton, OH 45459 
Tel: 513-434-8231 
Fax: 513-434-8103 

Pioneer Standard 
4433 lnterpoint Blvd. 
Dayton, OH 45424 
Tel: 513-236-9900 
Fax: 513-236-8133 

Future Electronics 
1430 Oak Ct., Suite 203 
Beavercreek, OH 45430 
Tel: 513-426-0090 
Fax: 513-426-8490 

Worthington 

Pioneer Standard 
1 oo Old Wilson Bridge, Suite 105 
Worthington, OH 43085 
Tel: 614-848-4854 
Fax: 614-848-4889 

Distributors 

Oklahoma 

Pioneer Standard 
9717 E. 42nd St., Suite 105 
Tulsa, OK 74146 
Tel: 918-665-7840 
Fax: 918-665-1891 

Oregon 

Bell Industries 
9275 S.W. Nimbus 
Beaverton, OR 97005 
1e1. 503-644-3444 
Fax: 503-520-1948 

Future Electronics 
15236 N.W. Greenbrier Pkwy. 
Beaverton, OR 97006 
Tel: 503-645-9454 
Fax: 503-645-1559 

Pioneer Technologies 
8905 SW Nimbus, Suite 160 
Beaverton, OR 97008 
Tel: 503-626-7300 
Fax: 503-626-5300 

Pennsylvania 

Horsham 

Pioneer Technologies 
500 Enterprise Road 
Keith Valley Business Center 
Horsham, PA 19044 
Tel: 215-674-4000 
Fax: 215-674-3107 

Pittsburgh 

Pioneer Standard 
259 Kappa Drive 
Pittsburgh, PA 15238 
Tel: 412-782-2300 
Fax: 412-963-8255 
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Distributors 

Texas 

Austin 

Future Electronics 
9020 II Capital of Texas Hwy N 
Suite 610 
Austin, TX 78759 
Tel: 512-502-0991 
Fax: 512-502-0740 

Dallas 

Pioneer Standard 
13765 Beta Road 
Dallas, TX 75244 
Tel: 214-386-7300 
Fax: 214-490-6419 

Richardson 

Bell Industries 
1701 Greenville Ave. #306 
Richardson, TX 75081 
Tel: 214-690-9096 
Fax: 214-690-0467 

Future Electronics 
800 E. Campbell Rd., Suite 130 
Richardson, TX 75081 
Tel: 214-437-2437 
Fax: 214-669-2347 

HOuston 

Future Electronics 
10333 Richmond Ave., Suite 970 
Houston, TX 77042 
Tel: 713-785-1155 
Fax: 713-785-4558 

Pioneer Standard 
10530 Rockley Road, Ste 100 
Houston, TX 77099 
Tel: 713-495-4700 
Fax: 713-495-5642 

DS000561·page 12-18 

Utah 

Bell Industries 
6912 S. 185 West, Suite B 
Midvale, UT 84047 
Tel: 801-561-9691 
Fax: 801-255-2477 

Future Electronics 
3540 S. Highland Drive #301 
Salt Lake City, UT 84106 
Tel: 801-467-4448 
Fax: 801-467-3604 

Washington 

Bell Industries 
1715114th Ave SE #208 
Bellevue, WA 98004 
Tel: 206-646-8750 
Fax: 206-646-8559 

Pioneer Technologies 
2800156thAve., SE, Suite 100 
Bellevue, WA 98007 
Tel: 206-644-7500 
Fax: 206-644-7300 

Future Electronics 
19102 N. Creek Parkway South 
Suite 118 
Bothell, WA 98011 
Tel: 206-489-3400 
Fax: 206-489-3411 
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Wisconsin 
Future Electronics 
250 N. Patrick Boulevard, Suite 170 
Brookfield, WI 53045 
Tel: 414-879-0244 
Fax: 414-879-0250 

Pioneer Standard 
120 Bishop's Way, Suite 163 
Brookfield, WI 53005 
Tel: 414-784-3480 
Fax: 414-784-8207 

Bell Industries 
W 226 N 900 Eastmound 
Waukesha, WI 53186 
Tel: 414-547-8879 
Fax: 414-547-6547 

Authorized Distributor for 
Obsolete Products 
Rochester Electronics, Inc. 
10 Malcolm Hoyt Drive 
Newburyport, MA 01950 
Tel: 508-462-9332 
Fax: 508-462-9512 
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MICROCHIP 

AMERICAS 

Corporate Office 
Microchip Technology Inc. 
2355 West Chandler Blvd. 
Chandler, AZ 85224-6199 
Tel: 602 786-7200 
Fax: 602 786-7277 

Atlanta 
Microchip Technology Inc. 
500 Sugar Mill Road, Suite 200B 
Atlanta, GA 30350 
Tel: 404 640-0034 
Fax: 404 640-0307 

Boston 
Microchip Technology Inc. 
Five The Mountain Road, Suite 120 
Framingham, MA 01701 
Tel: 508 820-3334 
Fax: 508 820-4326 

Chicago 
Microchip Technology Inc. 
333 Pierce Road, Suite 180 
Itasca, IL 60143 
Tel: 708 285-0071 
Fax: 708 285-0075 

Dallas 
Microchip Technology Inc. 
14651 Dallas Parkway, Suite 816 
Dallas, TX 75240-8809 
Tel: 214 991-7177 
Fax: 214 991-8588 

Dayton 
Microchip Technology Inc. 
35 Rockridge Road 
Englewood, OH 45322 
Tel: 513 832-2543 
Fax: 513 832-2841 

Los Angeles 
Microchip Technology Inc. 
18201 Von Karman, Suite 455 
Irvine, CA 92715 
Tel: 714 263-1888 
Fax: 714 263-1338 
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Factory Sales 

AMERICAS (continued) 

New York 
Microchip Technology Inc. 
150 Motor Parkway, Suite 416 
Hauppauge, NY 11788 
Tel: 516 273-5305 
Fax: 516 273-5335 

San Jose 
Microchip Technology Inc. 
2107 North First Street, Suite 590 
San Jose, CA 95131 
Tel: 408 436-7950 
Fax: 408 436-7955 

ASIA/PACIFIC 

Hong Kong 
Microchip Technology Inc. 
Unit No. 3002-3004, Tower 1 
Metroplaza 
223 Hing Fong Road 
Kwai Fong, N.T. Hong Kong 
Tel: 852 2 401 1200 
Fax: 852 2 401 3431 

Korea 
Microchip Technology Korea 
168-1 , Youngbo Bldg. 3 Floor 
Samsung-Dong, Kangnam-Ku, 
Seoul, Korea 
Tel: 82 2 554 7200 
Fax: 82 2 558 5934 

Singapore 
Microchip Technology Inc. 
200 Middle Road 
#10-03 Prime Centre 
Singapore 0718 
Tel (mobile): 65 634 2305 

Taiwan 
Microchip Technology Taiwan 
10F-1C 207 
Tung Hua North Road 
Taipei, Taiwan, ROC 
Tel: 886 2 717 7175 
Fax: 886 2 545 0139 

EUROPE 

United Kingdom 
Arizona Microchip Technology Ltd. 
Unit 6, The Courtyard 
Meadow Bank, Furlong Road 
Bourne End, Buckinghamshire 
SL8 5AJ 
Tel: 44 (0) 1628 851077 
Fax: 44 (0) 1628 850259 

France 
Arizona Microchip Technology SARL 
2 Rue du Buisson aux Fraises 
91300 Massy - France 
Tel: 33 1 69 53 63 20 
Fax: 33 1 69 30 90 79 

Germany 
Arizona MicrochipTechnology GmbH 
Gustav-Heinemann-Ring 125 
D-81739 Muenchen, Germany 
Tel: 49 89 627 144 0 
Fax: 49 89 627 144 44 

Italy 
Arizona Microchip Technology SRL 
Centro Direzionale Colleoni 
Palazzo Pegaso lngresso No. 2 
Via Paracelso 23, 20041 
Agrate Brianza (Ml) Italy 
Tel: 39 039 689 9939 
Fax: 39 039 689 9883 

JAPAN 
Microchip Technology Intl. Inc. 
Benex S-1 6F 
3-18-20, Shin Yokohama 
Kohoku-Ku, Yokohama 
Kanagawa 222 Japan 
Tel: 81 45 471 6166 
Fax: 81 45 471 6122 
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