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Interface Control Document for the

13.56 MHz Anti-Collision Interrogator
SCOPE
This document specifies the external interface require-
ments for the MCRF4XX and MCRF355/360 Interroga-
tor of the RFID development kits (DV103005 and
DV103006). A description of the RS232 interface mes-
sages, their bit fields and meanings are described in
this document.

Identification
This interface control document is applicable to the
Microchip's 13.56 MHz RFID Reader/Writer.

System Overview
The RFID Reader/Writer will support both reading and
writing of the MCRF355/360 and MCRF4XX RFID
devices. The RFID Reader/Writer will support commu-
nication for commands and data via the RS232
interface, using standard protocol settings.

EXTERNAL INTERFACES

Electrical Interfaces

SERIAL COMPUTER INTERFACE

The RFID Reader/Writer communicates with the exter-
nal host computer via the RS232 interface. The inter-
face settings will be 19.2 Kbaud, 8 bits, no parity and
one stop bit. All characters transmitted should be within
the ASCII character set, with values less than 127.

TEST INTERFACE

The RFID Reader/Writer provides discrete LEDs that
give simple status of the RFID Reader/Writer,
independent of an attached PC.

Communication Protocol/Messages
The packet protocol for the RFID Reader/Writer is
described in the following paragraphs. The protocol
provides a robust, easily managed interface that sup-
ports debugging on a simple ASCII terminal, in addition
to providing a checksum for message validation.

The general message format is as follows:

EXAMPLE 1: General Message Format

TABLE 1: GENERAL MESSAGE DETAIL

Author: Youbok Lee, Ph.D.

Microchip Technology Inc.

Sync Char Command Data Checksum CR LF

Sync Char Single byte character ‘@’, denoting 
the beginning of a message.

Command Single byte character defining the 
command this message represents. 
See Table 2 for a list of commands.

Data A variable length field containing 
additional information support for the 
command.

Checksum The two-byte checksum used for the 
message includes the Sync Char 
through the end of the Data field. See 
the following paragraph for more 
information on the checksum used.

CR LF This two-byte field is the standard 
ASCII carriage return ‘0x0D’ and the 
line feed ‘0x0A’.
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CHECKSUM

The checksum is a two-character field. Adding the
fields Sync Char through Data into an unsigned byte
type, and ignoring any overflow generated, determines
this value. The resultant value is then negated to pro-
vide a two's complement checksum value. This 8-bit
result is then converted to two hex characters to repre-
sent the checksum in the message (e.g. checksum
byte value 00101100 results in a checksum of two
ASCII bytes '2C', represented in the message).

Message Formats
The following paragraphs detail the individual
commands and messages.

LOAD MESSAGE

The load command provides a method to update the
PIC16F876 firmware in the field via the RS232 inter-
face. The Data Field length is zero. When the load
command is received, the RFID Reader/Writer will tran-
sition to a 'loader', which will then accept hex record
lines to be written to program memory. The format of
the hex record should be the format generated by the
Microchip assembler/linker. Each hex record line is val-
idated before writing to program memory. The RFID
Reader/Writer will either respond with a 'Ready'
response message upon successful write or an error
message, if unsuccessful. Once the final line of the
.HEX file is sent, the newly loaded program is entered
using the POR vector at address 0000. See Response
Message paragraphs for more information on this.

EXAMPLE 2: Load Message Format

TABLE 2: COMMAND OVERVIEW
Command Char From To Description

‘2’ R/W PC Data field contains MCRF355 data (14 bytes)

‘3’ R/W PC Data field contains MCRF355 data (18 bytes)

‘4’ R/W PC Data field contains MCRF4XX data blocks (Read)

‘5’ R/W PC Data field contains MCRF4XX data blocks (Write)

‘6’ R/W PC Data field contains MCRF4XX FRB response data

‘7’ R/W PC Data field contains MCRF4XX FRR response data

‘F’ R/W PC Firmware version

‘R’ R/W PC Response message

‘R’ PC R/W Reset request command

‘M’ PC R/W Mode select command

‘N’ PC R/W No operation

‘V’ PC R/W Verbose read command

‘W’ PC R/W Write command

‘C’ PC R/W Configuration message

‘L’ PC R/W Load command

0x40 ‘L’ Data Checksum CR LF
DS00759B-page 2   2002 Microchip Technology Inc.
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RESPONSE MESSAGE

The response message is used to provide an acknowl-
edge and status response from the R/W to the external
PC. The data field contains the specific response
encoded as a 2-digit hexadecimal number. The
responses supported are listed in Table 3.

EXAMPLE 3: Response Message 
Format

RESET MESSAGE

The reset message is sent from the external PC to the
Reader/Writer. It instructs the R/W to reset itself and
return to the just-powered-up state. In this state, the
carrier is off and the R/W is sending 'A' characters over
the RS232 line at a 50 Hz rate, looking for a PC-based
application to communicate with. See the paragraph on
"Auto Detect Support" for a more complete description.
The data field length is zero.

EXAMPLE 4: Reset Message Format

NOP MESSAGE

The NOP message is a non-operation message. It can
be used as a 'heartbeat' message to maintain commu-
nication, if needed. The Data Field length is zero. This
command returns the "Ready" Response Message
('R'). Note that this, and every, command causes the
Reader/Writer to stop its current operations to process
the new command. After this command, the Reader/
Writer remains in the idle loop, waiting for the next
command.

EXAMPLE 5: NOP Message Format

0x40 ‘R’ Response
Number

Checksum CR LF

TABLE 3: RESPONSE MESSAGES
Response 
Number Equivalent Text Description

00 “Ready” Ready for the next message.
01 “EEPROM Burn Failed” Previous write was read back and validated unsuccessfully.
02 “No Entry Point Specified” No processor instructions were given for ROM locations 0-3.
03 “Invalid Address” A write to Program ROM was outside valid range.
04 “Invalid Hex Data” The characters representing hex data were not in the range 0-9 or 

A-F.
05 “RS232 Error” Characters were lost or garbled. Message should be resent.
06 “Invalid Checksum” Checksum did not verify.
07 “Undefined Command” Command byte sent is not a known command.
08 “Invalid Parameter” Contents of a command string are invalid.
09 “Bad Processor” The slave processor failed to communicate.

0x40 ‘R’ Data Field Checksum CR LF
0x40 ‘N’ Data Field Checksum CR LF
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MODE SELECT MESSAGE

The mode select message is used to put the RFID
Reader/Writer in a specific read mode, as defined
below.

EXAMPLE 6: Mode Select Message 
Format

The mode field contains a one-byte character that
defines the specific mode to place the reader into. This
byte is defined below.

0x40 ‘M’ Data Field Checksum CR LF

TABLE 4: MODE SELECT CHARACTERS
Mode Char Description

‘0’ Read MCRF355/360 tags, returning the data in Microchip format. 
No anti-collision – all tag reads are reported.

‘1’ Read MCRF355/360 tags, returning raw tag data. No anti-collision – all tag reads are reported.

‘2’ Read MCRF355/360 tags, returning the data in Microchip format. 
Anti-collision enabled – subsequent reads of the same tag are ignored.

‘3’ Read MCRF355/360 tags, returning raw tag data. 
Anti-collision enabled – subsequent reads of the same tag are ignored.

‘I’ Inventory read mode (FRR & FRB: tags are put to sleep after being identified).

‘C’ Continuous read mode (FRR & FRB).

‘A’ Alarm mode (FRR only).

‘S’ Stop reading mode (Leave carrier on).

‘F’ Reader/writer off (Turn carrier off).
DS00759B-page 4   2002 Microchip Technology Inc.
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MCRF355 DATA BLOCKS MESSAGE – 
MICROCHIP FORMAT

This message contains the entire data block from the
MCRF355/360 represented in ASCII hex format. It
assumes the tag was written in Microchip format, which
is: 10-bit header (9 ones and 1 zero), followed by 14 8-
bit bytes and a 2-byte checksum, with each byte sepa-
rated by a zero bit, and written MSB first. The
checksum of the block is verified before transmission.

EXAMPLE 7: MCRF355/360 Data Blocks 
Message

The format of the data block is as follows:

Data Block Format

Where:

"Microchip Format" is defined by the MCRF355/360
Contact Programmer and is shown graphically below.
Of the 154 bits in the tag, the first 9 are the preamble,
and fixed as '1' bits. Following the preamble, and sep-
arating each byte, are spacer bits (zeros). All bytes are
Most Significant Bit (MSB) first. This format allows 14
data bytes followed by a 16-bit checksum (simple
summation of all 14 bytes).

0x40 ‘2’ Data Block Checksum CR LF

T<time stamp>, <data>

TABLE 5: MCRF355/360 DATA BLOCKS MESSAGE DETAIL

Field name Description
Time stamp The time stamp that indicates when the device was read. This value consists of 2 

bytes (4 ASCII hex characters), with the LSB = 819.2 µS. The clock is a free-
running counter, with a rollover period of 53.7 seconds. The bytes are sent MSB 
first.

Data The 14 data bytes represented in ASCII hex characters. Byte 13 is first; byte 0 is 
last. The checksum bytes are not transferred.

111111111 0 Byte 13 0 Byte 12 0 ... Byte 0 0 Chksum_MSB 0 0Chksum_LSB

BiBit 0 Bit 9 Bit 18 t 27 Bit 135 Bit 144 Bit 153
  2002 Microchip Technology Inc. DS00759B-page 5
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MCRF355 DATA BLOCKS MESSAGE – RAW 
FORMAT

This message contains the data block from the
MCRF355/360 represented in ASCII hex format. It
assumes the tag was written in Microchip format, how-
ever, the spacer bits which exist between every byte
are not removed. Internally, the data is converted to
Microchip format so that the block checksum can be
calculated and verified before transmission.

EXAMPLE 8: MCRF355/360 Data Blocks 
Message Format

The format of the Data Block is as follows:
Data Block Format

Where:

TABLE 6: MCRF355/360 DATA BLOCKS MESSAGE DETAIL

For purposes of displaying it in 'Raw Format', the tag
data is assumed to be as shown graphically below. It is
similar to the Microchip Format in that all bytes are
Most Significant Bit (MSB) first, and the first 10 bits are
the fixed preamble (9 one-bits followed by a zero bit).
The remaining 143 bits make up the 18 8-bit bytes.

0x40 ‘3’ Data Block Checksum CR LF

T<time stamp>, <data>

Field name Description

Time stamp The time stamp that indicates when the device was read. This value consists of 2 bytes 
(4 ASCII hex characters), with the LSB = 819.2 µS. The clock is a free-running counter 
with a rollover period of 53.7 seconds. The bytes are sent MSB first.

Data The 18 data bytes represented in ASCII hex characters. Byte 17 is sent first.

Note: The last byte has one missing bit. Its
Least Significant Bit (LSB) is fixed at
zero.

111111111 0 Byte 17 Byte 16 ... Byte 1 Byte 0

Bit 0 Bit 9 Bit 18 Bit 138 Bit 146 Bit 153
DS00759B-page 6   2002 Microchip Technology Inc.
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MCRF4XX DATA BLOCKS MESSAGE

EXAMPLE 9: MCRF4XX Data Blocks 
Message Format

This message contains the data blocks returned from
the MCRF4XX in response to a Verbose Read com-
mand. All 32 blocks of the MCRF4XX tag are included.
The message elements are defined below. The format
of the Data Block is:
Data Block Format

Where:

TABLE 7: MCRF4XX DATA BLOCKS MESSAGE DETAIL

MCRF4XX DATA BLOCKS WRITTEN 
MESSAGE

EXAMPLE 10: MCRF4XX Data Blocks 
Message Format

This message contains the data blocks returned from
the MCRF4XX in response to a Verbose Write com-
mand. One message is returned per tag written. The
message elements are defined below. The format of
the Data Block is:

Where:

TABLE 8: MCRF4XX DATA BLOCKS MESSAGE DETAIL

0x40 ‘4’ Data Block Checksum CR LF

Field name Description

I<id> The ASCII hex representation of the 4-byte tag ID. LSB first.
Block Block number, represented by 2 ASCII hex characters. 

Its value ranges from 00 to 1F (31 decimal). Block numbers are followed by a colon.
Data One data block (4 bytes) from the tag, represented in ASCII hex characters. Data blocks 

are separated by commas. A block that is unreadable (invalid CRC) will return “XXXX” for 
the data. In this case, it will be 4 characters instead of 8. The data is LSB first.

I<id>,<block>:<data>,<block>:<data>,...<block>:<data>

0x40 ‘5’ Data Block Checksum CR LF

Field name Description
I<id> The ASCII hex representation of the 4-byte tag ID. LSB first.
Block Block number, represented by 2 ASCII hex characters. Its value ranges from 00 to 1F (31 

decimals). Block numbers are followed by a colon.
Data One data block (4 bytes) from the tag, represented in ASCII hex characters. This data is 

what the tag returns following the write to this block. A block which is write-protected will 
return to “RO” for the data. In this case, it will be 2 characters instead of 8. A block that is 
unreadable (invalid CRC) will return “XXXX” for the data. The data is LSB first.
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MCRF4XX FRB RESPONSE MESSAGE

EXAMPLE 9: MCRF4XX FRB Response 
Message Format

This message contains the data returned from the
MCRF4XX in response to an FRB command. The mes-
sage elements are defined below. The format of the
Data Block is:
Data Block Format

Where:

TABLE 9: MCRF4XX FRB RESPONSE MESSAGE DETAIL

0x40 ‘6’ Data Block Checksum CR LF

T<time stamp>,<TC/TP>,<ID>,<FRF>

Field name Description

Time stamp The time stamp which indicates when the device was read. This value consists of 2 bytes 
(4 ASCII hex characters), with the LSB = 819.2 µS. The clock is a free-running counter 
with a rollover period of 53.7 seconds. The bytes are sent MSB first.

ID One data block (4 bytes) represented in ASCII hex characters. The data is from Block #1, 
the tag's ID. The data is sent LSB first.
DS00759B-page 8   2002 Microchip Technology Inc.
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MCRF4XX FRR RESPONSE MESSAGE

EXAMPLE 6: MCRF4XX FRR Response 
MessagE

This message contains the data returned from the
MCRF4XX in response to an FRR command. The mes-
sage elements are defined below. The format of the
Data Block is:
Data Block Format

Where:

TABLE 10: MCRF4XX FRR RESPONSE MESSAGE DETAIL

FIRMWARE VERSION RESPONSE MESSAGE

EXAMPLE 7: Firmware Version 
Response Message 
Format

This message is sent once, immediately following con-
nection establishment. The format of the Data Block is
2 ASCII digits, indicating the major and minor revision
numbers. The range of revision numbers supported is
1.0 through 9.9.

0x40 ‘7’ Data Block Checksum CR LF

T<time stamp>,<TC/TP>,<ID>,<FRF>

Field name Description

Time stamp The time stamp indicates when the device was read. This value consists of 2 bytes (4 
ASCII hex characters), with the LSB = 819.2 µS. The clock is a free-running counter with 
a rollover period of 53.7 seconds. The bytes are sent MSB first.

TC/TP One byte containing the TC and TP values from the tag, represented in ASCII hex 
characters. Bits 0-2 are the TC value; bits 3-7 are the TP (tag parameters) value. See the 
MCRF4XX Data Sheet on the format of the TP field.

ID One data block (4 bytes) represented in ASCII hex characters.
The data is from Block #1, the tag's ID. The data is sent LSB first.

FRF The Fast Read Field, represented in ASCII hex characters. The data is from Blocks #3 
through 5. The exact number of bytes in the FRF depends upon the 2 DF bits within the 
TP field and can be 4, 6, 8 or 12. The LSB is sent first.

0x40 ‘F’ Data Block Checksum CR LF
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VERBOSE READ MESSAGE

This message will terminate continuous read mode and
initiate a read of a specific ID tag in the field. Use the
second form of the message to read any tag which
comes into the field. The response to this message will
be a MCRF4XX Data Block message ('4').

EXAMPLE 8: Verbose Read Message 
Format

The Data Block has the following format when reading
from one selected tag. All characters not between
braces (‘<‘ ‘>’) are necessary for a valid message. The
<start> and <end> values range from 00 to 1F,
covering the 32 Blocks of the tag.
Data Block Format

Where:

TABLE 11: VERBOSE READ MESSAGE 
DETAIL

The Data Block has the following format to read data
blocks from all devices in the R/W field.

Data Block Format

Where

TABLE 12: VERBOSE READ MESSAGE 
DETAIL

WRITE MESSAGE

The write message provides the capability to program
one, or all, MCRF4XX devices with 1 to 16 blocks of
data. If ‘write-all-tags’ is selected, the Reader/Writer
will look for all FRR and FRB parts in the field, writing
them as soon as they are found, until the user places
the Reader/Writer into another mode (or idle state). If
‘one-tag-write’ is selected, the carrier is turned off once
the selected tag is found and written. The response to
this message will be one or more MCRF4XX Data
Blocks Written message ('5') - one per tag. 

Block 1 (the tag ID) should not be written.
If the starting block number is 0 or 2, the number of data
blocks to be written is limited to 1 block.

In order to prevent an FRR part from becoming inac-
cessible in the case of a failed write to blocks 0, 3, 4 or
5, the Reader/Writer will turn an FRR part into an FRB
part prior to writing these blocks. Only if all blocks were
written correctly will it turn back into an FRR part. When
writing to block 0, Bit 31 should be kept clear to keep
from flagging a special case.
Two special cases of the Write Command exist: con-
verting FRR tags into FRBs, and converting FRB tags
into FRRs.
To turn devices into FRR parts, issue the Write Mes-
sage for data block 0, with the two most significant bits
of the data (Fast Read and Talk First bits) set to '1'. The
remaining 30 data bits are ‘don't cares’. When the
Reader/Writer sees this situation, it will calculate the
correct FRR response CRC for the tag and write it to
the lower 16 bits of block 0. Upon a successful write, it
then sets the FR bit. A MCRF4XX Data Blocks Written
message ('5') is returned for each tag that is changed
from an FRB part to an FRR part.

To turn devices into FRB parts, issue the Write Mes-
sage for data block 0, with Bit 31 of the data (Fast
Read) set to '1', and bit 30 (Talk First) set to '0'. The
remaining 30 data bits are ‘don't cares’. The Reader/
Writer will clear the FR bit (Bit 31 of block 0) without
affecting any other tag memory bits. A MCRF4XX Data
Blocks Written message ('5') is returned for each tag
that is changed from an FRR part to an FRB part.

The format of the message is as follows.

EXAMPLE 9: Write Message Format

The Data Block has the following format when writing
to one selected tag. All characters not between braces
('<'  '>') are necessary for a valid message. The total
number of <data> fields must be 16 or less.

Data Block Format

0x40 ‘V’ Data Block Checksum CR LF

I<id> The ASCII hex representation of the 
4-byte tag ID (LSB first).

<start 
block>

The beginning block number to read, 
represented in ASCII hex.

<end 
block>

The final block number to read, in 
ASCII hex representation.

* Replacing the I<id> field with a star 
character denotes all tags.

<start 
block>

The beginning block number to read, 
represented in ASCII hex

<end 
block>

The final block number to read, in 
ASCII hex representation

I<id>,<start>,<end>

I<id>,<start>,<end>

0x40 ‘W’ Data Block Checksum CR LF

I<id>, <block number>,<data>,...,<data>
DS00759B-page 10   2002 Microchip Technology Inc.
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Where:

TABLE 1: WRITE MESSAGE DETAIL

The Data Block has the following format to write to all
devices in the R/W field. The total number of <data>
fields must be 16 or less.

Data Block Format

Where:

TABLE 13: WRITE MESSAGE DETAIL

Field Name Description

I<id> The ASCII hex representation of the 4-
byte tag ID (LSB first).

<block 
number>

The beginning block number to write, 
represented in ASCII hex.

<data> A 4-byte block of data, LSB first, in 
ASCII hex representation.

*,<block number>,<data>,<data>,....,<data>

Field name Description

* Replacing the I<id> field with a star character denotes all tags.
<block number> The beginning block number to write, represented in ASCII hex.

<data> A 4-byte block of data, LSB first, in ASCII hex representation.
  2002 Microchip Technology Inc. DS00759B-page 11
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CONFIGURATION MESSAGE

The configuration message provides a method to set
specific attributes within the RFID Reader/Writer
firmware. The format of the message is as follows:

EXAMPLE 10: Configuration Message

The Data Block consists of up to 7 parameters that can
be set. The parameters are separated by commas and
begin with an identifying character. Any parameter not
included in the command retains the value it had before
the Configuration Message. The order of the
parameters is not important.
Data Block Format

Where:

TABLE 14: CONFIGURATION MESSAGE DETAIL

0x40 ‘C’ Data Block Checksum CR LF

T<ts>,M<tcmax>,S<speed>,P<ppm timing>,G<gap timing>,V<vpp>,I<audio>

Field POR Value Description

T<ts> 16 The ASCII hex representation of 1 byte. 
The number of Time Slots used in the tag's FRR command.
Valid values are: 1, 16, 64.

M<tcmax> 1 The ASCII hex representation of 1 byte.
The TCMAX value to use in the tag's FRR command. Valid values are: 1, 2, 4.
If TS = 64, then TCMAX must be 1.

S<speed> 0 The ASCII hex representation of 1 byte.
Whether to modulate the carrier at Normal Speed or Fast Speed for the PPM 
symbols.
A value of 0 sets Normal Speed while a value of 1 sets Fast Speed.

P<ppm timing> 0 The ASCII hex representation of an 8-bit signed integer.
The relative timing to use for gap periods. Valid range is -6 to +6, with 0 being 
nominal (175 µS Normal Speed/10 µS Fast Speed).
-6 corresponds to 20% reduction in time, and +6 corresponds to 20% increase in 
time. +/- 3 corresponds to +/-10%, etc.

G<gap timing> 0 The ASCII hex representation of an 8-bit signed integer.
The relative timing to use for gap widths. Valid range is -6 to +6, with 0 being nom-
inal (100 µS Normal Speed/6 µS Fast Speed).
-6 corresponds to 20% reduction in time, and +6 corresponds to 20% increase in 
time. +/- 3 corresponds to +/-10%, etc.

V<vpp> FFh The ASCII hex representation of 1 byte: 
The relative strength of the carrier signal. A value of 0 sets no carrier while a 
value of FFh sets maximum carrier field strength.

I<audio> 1 The ASCII hex representation of 1 byte:
A value of 1 enables beeps when each tag is detected.
A value of 0 disables audible indication.
DS00759B-page 12   2002 Microchip Technology Inc.
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AUTO DETECT SUPPORT

At power-up of the RFID Reader/Writer, the character
'A' will be continuously transmitted at a 50 Hz rate over
the serial port. This provides a serial stream to support
auto-detection of the device by a PC. When the
Reader/Writer receives a 'B' character from the PC, it
will cease transmission of the 'A' characters, and return
a type 'F' Response Message (Firmware Version), thus
establishing a positive confirmation of communication.
The RS232 parameters are: 19.2 Kbaud, 8 bits, no par-
ity and 1 stop bit.

REFERENCED DOCUMENTS
The following references are used for this document:

1. EIA Standard RS232-C
2. RS232A Specification

REVISION HISTORY
7/10/02 - Changed ‘V’ message to reflect:
a) all tags
b) range of blocks
  2002 Microchip Technology Inc. DS00759B-page 13
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NOTES:
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ON-LINE SUPPORT
Microchip provides on-line support on the Microchip
World Wide Web (WWW) site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape or Microsoft
Explorer. Files are also available for FTP download
from our FTP site.

Connecting to the Microchip Internet Web Site      
The Microchip web site is available by using your
favorite Internet browser to attach to: 

www.microchip.com
The file transfer site is available by using an FTP ser-
vice to connect to: 

ftp://ftp.microchip.com
The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User's Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

• Latest Microchip Press Releases
• Technical Support Section with Frequently Asked 

Questions 
• Design Tips
• Device Errata
• Job Postings
• Microchip Consultant Program Member Listing
• Links to other useful web sites related to 

Microchip Products
• Conferences for products, Development Systems, 

technical information and more
• Listing of seminars and events

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 

1-480-792-7302 for the rest of the world.
013001
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READER RESPONSE
It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct.  If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

5. What deletions from the data sheet could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?

To: Technical Publications Manager

RE: Reader Response
Total Pages Sent

From: Name

Company
Address
City / State / ZIP / Country

Telephone: (_______) _________ - _________
Application (optional):

Would you like a reply?       Y         N

Device: Literature Number: 

Questions:

FAX: (______) _________ - _________

DS00759BAN759
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Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.

Trademarks

The Microchip name and logo, the Microchip logo, FilterLab,
KEELOQ, microID, MPLAB, MXDEV, PIC, PICmicro,
PICMASTER, PICSTART, PRO MATE, SEEVAL and The
Embedded Control Solutions Company are registered trade-
marks of Microchip Technology Incorporated in the U.S.A. and
other countries.

dsPIC, dsPICDEM.net, ECONOMONITOR, FanSense,
FlexROM, fuzzyLAB, In-Circuit Serial Programming, ICSP,
ICEPIC, microPort, Migratable Memory, MPASM, MPLIB,
MPLINK, MPSIM, MXLAB, PICC, PICDEM, PICDEM.net,
rfPIC, Select Mode and Total Endurance are trademarks of
Microchip Technology Incorporated in the U.S.A.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2002, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

 Printed on recycled paper.

Microchip received QS-9000 quality system 
certification for its worldwide headquarters, 
design and wafer fabrication facilities in 
Chandler and Tempe, Arizona in July 1999 
and Mountain View, California in March 2002. 
The Company’s quality system processes and 
procedures are QS-9000 compliant for its 
PICmicro® 8-bit MCUs, KEELOQ® code hopping 
devices, Serial EEPROMs, microperipherals, 
non-volatile memory and analog products. In 
addition, Microchip’s quality system for the 
design and manufacture of development 
systems is ISO 9001 certified.
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Corporate Office
2355 West Chandler Blvd.
Chandler, AZ  85224-6199
Tel:  480-792-7200  Fax:  480-792-7277
Technical Support: 480-792-7627
Web Address: http://www.microchip.com
Rocky Mountain
2355 West Chandler Blvd.
Chandler, AZ  85224-6199
Tel:  480-792-7966  Fax:  480-792-4338

Atlanta
500 Sugar Mill Road, Suite 200B
Atlanta, GA  30350
Tel: 770-640-0034  Fax: 770-640-0307
Boston
2 Lan Drive, Suite 120
Westford, MA  01886
Tel: 978-692-3848  Fax: 978-692-3821
Chicago
333 Pierce Road, Suite 180
Itasca, IL  60143
Tel: 630-285-0071 Fax: 630-285-0075
Dallas
4570 Westgrove Drive, Suite 160
Addison, TX 75001
Tel: 972-818-7423  Fax: 972-818-2924
Detroit
Tri-Atria Office Building 
32255 Northwestern Highway, Suite 190
Farmington Hills, MI  48334
Tel: 248-538-2250 Fax: 248-538-2260
Kokomo
2767 S. Albright Road 
Kokomo, Indiana  46902
Tel: 765-864-8360 Fax: 765-864-8387
Los Angeles
18201 Von Karman, Suite 1090
Irvine, CA  92612
Tel: 949-263-1888  Fax: 949-263-1338
New York
150 Motor Parkway, Suite 202
Hauppauge, NY  11788
Tel: 631-273-5305  Fax: 631-273-5335
San Jose
Microchip Technology Inc.
2107 North First Street, Suite 590
San Jose, CA  95131
Tel: 408-436-7950  Fax: 408-436-7955
Toronto
6285 Northam Drive, Suite 108
Mississauga, Ontario L4V 1X5, Canada
Tel: 905-673-0699  Fax:  905-673-6509

ASIA/PACIFIC
Australia
Microchip Technology Australia Pty Ltd
Suite 22, 41 Rawson Street
Epping 2121, NSW
Australia
Tel: 61-2-9868-6733 Fax: 61-2-9868-6755
China - Beijing
Microchip Technology Consulting (Shanghai)
Co., Ltd., Beijing Liaison Office
Unit 915
Bei Hai Wan Tai Bldg.
No. 6 Chaoyangmen Beidajie 
Beijing, 100027, No. China
Tel: 86-10-85282100 Fax: 86-10-85282104
China - Chengdu
Microchip Technology Consulting (Shanghai)
Co., Ltd., Chengdu Liaison Office
Rm. 2401, 24th Floor, 
Ming Xing Financial Tower
No. 88 TIDU Street
Chengdu 610016, China
Tel: 86-28-86766200  Fax: 86-28-86766599
China - Fuzhou
Microchip Technology Consulting (Shanghai)
Co., Ltd., Fuzhou Liaison Office
Unit 28F, World Trade Plaza
No. 71 Wusi Road
Fuzhou 350001, China
Tel: 86-591-7503506  Fax: 86-591-7503521
China - Shanghai
Microchip Technology Consulting (Shanghai)
Co., Ltd.
Room 701, Bldg. B
Far East International Plaza
No. 317 Xian Xia Road
Shanghai, 200051
Tel: 86-21-6275-5700  Fax: 86-21-6275-5060
China - Shenzhen
Microchip Technology Consulting (Shanghai)
Co., Ltd., Shenzhen Liaison Office
Rm. 1315, 13/F, Shenzhen Kerry Centre,
Renminnan Lu
Shenzhen 518001, China
Tel: 86-755-2350361  Fax: 86-755-2366086
China - Hong Kong SAR
Microchip Technology Hongkong Ltd.
Unit 901-6, Tower 2, Metroplaza
223 Hing Fong Road
Kwai Fong, N.T., Hong Kong
Tel: 852-2401-1200  Fax: 852-2401-3431
India
Microchip Technology Inc.
India Liaison Office
Divyasree Chambers
1 Floor, Wing A (A3/A4)
No. 11, O’Shaugnessey Road
Bangalore, 560 025, India
Tel: 91-80-2290061 Fax: 91-80-2290062

Japan
Microchip Technology Japan K.K.
Benex S-1 6F
3-18-20, Shinyokohama
Kohoku-Ku, Yokohama-shi
Kanagawa, 222-0033, Japan
Tel: 81-45-471- 6166  Fax: 81-45-471-6122
Korea
Microchip Technology Korea
168-1, Youngbo Bldg. 3 Floor
Samsung-Dong, Kangnam-Ku
Seoul, Korea 135-882
Tel: 82-2-554-7200  Fax: 82-2-558-5934
Singapore
Microchip Technology Singapore Pte Ltd.
200 Middle Road
#07-02 Prime Centre
Singapore, 188980
Tel:  65-6334-8870  Fax: 65-6334-8850
Taiwan
Microchip Technology (Barbados) Inc., 
Taiwan Branch
11F-3, No. 207
Tung Hua North Road
Taipei, 105, Taiwan
Tel: 886-2-2717-7175  Fax: 886-2-2545-0139

EUROPE
Denmark
Microchip Technology Nordic ApS
Regus Business Centre
Lautrup hoj 1-3
Ballerup DK-2750 Denmark
Tel: 45 4420 9895 Fax: 45 4420 9910
France
Microchip Technology SARL
Parc d’Activite du Moulin de Massy
43 Rue du Saule Trapu
Batiment A - ler Etage
91300 Massy, France
Tel: 33-1-69-53-63-20  Fax: 33-1-69-30-90-79
Germany
Microchip Technology GmbH
Gustav-Heinemann Ring 125
D-81739 Munich, Germany
Tel: 49-89-627-144 0  Fax: 49-89-627-144-44
Italy
Microchip Technology SRL
Centro Direzionale Colleoni 
Palazzo Taurus 1 V. Le Colleoni 1
20041 Agrate Brianza
Milan, Italy 
Tel: 39-039-65791-1  Fax: 39-039-6899883
United Kingdom
Microchip Ltd.
505 Eskdale Road
Winnersh Triangle
Wokingham 
Berkshire, England RG41 5TU
Tel: 44 118 921 5869 Fax: 44-118 921-5820
Austria
Microchip Technology Austria GmbH
Durisolstrasse 2
A-4600 Wels
Austria
Tel: 43-7242-2244-399
Fax: 43-7242-2244-393
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