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PIC12C67X Emulation Using PIC16C72 PICMASTER™ Emulator Probe

Author:  Rob Stein

This technical brief describes how to use the
PIC16C72 PICMASTER™ emulator probe for
PIC12C67X emulation.

Overview

Many simple PIC12C67X applications can be devel-
oped using the MPLAB™ simulator (Version 3.31 or
higher), for complex applications real-time emulation
may be required. Since the PIC16C72 shares the same
upward expanded memory map and similar pin func-
tions as the PIC12C67X, the PICMASTER® emulator
probe 16J (AC165009) can be used to emulate most
PIC12C67X functions. The PIC16C710, PIC16C711 or
PIC16C715 emulator probes are not recommended for
PIC12C67X emulation due to only 5 bits in the PORTA
(address 05 hex) register map versus the 6 bits for the
PIC12C67X.

A custom bond-out chip is being designed specifically
for emulation of the PIC12C67X (scheduled for com-
pletion in Q3 1998) and this will eliminate the need for
this technical brief.

Hardware Emulation Recommenda-
tions

Your target PCB will accept the 8 pin PDIP or SOIC pin
out of the PIC12C67X. An adapter socket must be con-
structed to interface from your 8 pin target to the 28 pin
DIP socket on the emulator probe (see pin outs in Fig-
ure #1).
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RAO/ANO <[] 2 270 <> RB6
RA1/AN1 <[] 3 26 0 -—» RB5
RA2/AN2 <[4 o 250 < RB4
RA3/AN3/Vref «—05 o 240 «+—» RB3
RA4/TOCKI <« 6 = 230 <«— RB2
RA5/AN4/SS <-—[ 7 3 220 <—» RB1
Vss —[] 8 N 210 <—= RBO/INT
OSC1/CLKIN —=0 9 200 «<— VDD
OSC2/CLKOUT -—0 10 190 «—Vss
RCO/T10SO/T1CK| =[] 11 18 0 <«— RC7/RX/DT
RC1/T10SI/CCP2 <-—»[] 12 17 0 <—» RC6/TX/CK
RC2/CCP1 «—»[ 13 16 0 <-— RC5/SDO
RC3/SCK/SCL <[] 14 15 [0 <—» RC4/SDI/SDA

Building the adapter socket

Many PIC12C67X functions are multiplexed into a sin-
gle pin. For example, the GP2/TOCK1/AN2/INT pin, can
be configured as a digital I/O, Timer O counter input, A/
D input, or external interrupt pin. This highly multi-
plexed PIC12C67X pin does not exactly match a corre-
sponding PIC16C72 pin, however most applications
will use this pin in only one of it's four configurations.
Therefore, a single PIC12C67X pin function can be
mapped into the corresponding pin on PORTA or
PORTB of the PIC16C72.

If any A/D channels are enabled then it is necessary to
map all PIC12C67X GPIO (Digital 1/0’s) to PORTB of
the PIC16C72. Using PORTB will enable emulation of
the external interrupt, programmable pull-up resistors,
and will simplify changes to the ADCONL1 register.

Your adapter socket pin out must be customized for
your specific application. The following tables show the
pin out for six common applications.
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TABLE 1 6 DIGITAL I/O'S

PIC12C67X Pin Function Equivalent PIC16C72 Function
Name # Name #

VDD 1 VDD 20
GP5/0OSC1/CLKIN 2 RAS5/AN4 7
GP4/0SCZ/ANI/CLKOUT 3 RA4/TOCKI [§]
GP3/MCLR/Vpp 4 RA3/ANSZ/Vret 5
GP2Z2/TOCKI/ANZ/INT 5 RAZ/IANZ 4
GP1/AN1/Vret [§] RAI/AN1 3
GPO/ANO 7 RAO/ANO 2

Vss 8 VSS 8,19

Note 1: If you plan to use the GPIO pull-up resistors then map to PORTB.

TABLE 2 4 ANALOG AND 2 DIGITAL I/O’'S

PIC12C67X Pin Function

Equivalent PIC16C72 Function

Name # Name #
VDD 1 VDD 20
GP5/OSCI/CLKIN 2 RB5 26
GP4/0S5C2Z2/ANI/CLKOUT 3 RA3/AN3/Vret 5
GP3/MCLR/Vpp 4 RB3 24
GPZ/TOCKI/ANZ/INT 5 RAZ/ANZ 4
GP1/AN1/Vret [§] RAI/AN1 3
GPO/ANO [4 RAO/ANO 2
VSS 8 VSs 8,19

TABLE 3 3 ANALOG AND 3 DIGITAL I/O’'S

PIC12C67X Pin Function

Equivalent PIC16C72 Function

Name # Name #
VDD 1 VDD 20
GP5/0OSC1/CLKIN 2 RB5 26
GP4/0SC2/AN3/CLKOUT 3 RB4 25
GP3/MCLR/Vpp 4 RB3 24
GPZ/TOCKI/ANZ/INT 5 RAI/ANI/Vret 5
GP1/ANT1/Vret 6 RAT/ANT 3
GPO/ANO / RAUO/ANO 2
VSS 8 VSS 8,19
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TABLE4 2 ANALOG AND 4 DIGITAL I/O’'S

PIC12C67X Pin Function Equivalent PIC16C72 Function

Name # Name #

VDD 1 [ VDD 20
GP5/OSCI/CLKIN 2 [ RB5 26
GP4/0SCZ/ANI/CLKOUT 3 | RB4 25
GP3/MCLR/Vpp 4 | RB3 24
GP2/TOCKI/ANZ/INT 5 [ RBZ 23

GPI/ANT/Vref 6 | RAT/ANT 3

GPO/ANO 7 | RAO/ANO 2
VsSs 8 [ VssS 8,19

TABLES5 1 ANALOG AND 5 DIGITAL I/O0’'S

PIC12C67X Pin Function Equivalent PIC16C72 Function

Name # Name #

VDD 1 | VDD 20
GP5/OSCI/CLKIN 2 [ RB5 26
GP4/0SC2/AN3/CLKOUT 3 | RB4 25
GP3/MCLRIVpp 4 | RB3 24
GPZ2/TOCKI/ANZ/INT 5 [ RBZ 23
GP1/AN1/Vret 6 [ RB1 22

GPO/ANO 7 | RAO/ANO 2
VSsS 8 [ Vss 8,19

Note 1: If you plan to use the GPIO pull-up resistors then map to PORTB.

TABLE6 2 ANALOG, 3 DIGITAL I/0O’'S AND 1 EDGE
TRIGGERED INTERRUPT

PIC12C67X Pin Function Equivalent PIC16C72 Function
Name # Name #
VDD 1 [ VDD 20
GP5/0OSC1/CLKIN 2 [ RB5 26
GP4/0SCZ/ANI/CLKOUT 3 | RB4 25
GP3/MCLR/Vpp 4 | RB3 24
GP2Z2/TOCKI/ANZ/INT 5 [ RBO/INT 21
GP1/AN1/Vret 6 [ RAI/AN1 3
GPO/ANO 7 | RAO/ANO 2
Vss 8 [ Vss 8,19

[0 1998 Microchip Technology Inc.

DS91020A-page 3



TB020

Hardware differences and work-
arounds

The PIC12C67X has more flexibility in selecting A/D
versus digital I/O pins (see table 2, ADCONL1 register).
To work around this difference, enable more A/D chan-
nels on PORTA of the PIC16C72 and map all digital I/
O’s to PORTB of the PIC16C72 (and ignore the extra
16C72 A/D channels).

The PIC12C67X also has an on chip oscillator with the
ability to output it’s clock (to CLKOUT pin). The internal
oscillator option can be emulated with the PIC16C72 by
using a 4Mhz ‘canned’ clock oscillator, with the probe
jumper set to “INT CLK”.

The RA4/TOCK1 pin of the PIC16C72 when configured
as an output is open drain, and therefore will need a
pull-up resistor to emulate the GP4 PIC12C67X pin
output.

Software Emulation Recommenda-
tions

The PIC12C67X and PIC16C72 both have 2K words of
program memory and 128 bytes of RAM. As is indi-
cated by the following register file map, the PIC12C67X
is a sub-set of the PIC16C72. The ‘extra’ registers of
the PIC16C72 can be ignored while emulating.
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FIGURE 2: PIC12C67X REGISTER FILE

MAP
File Address File Address
00h INDF(1) INDF(1) 80h
01lh TMRO OPTION 81h
02h PCL PCL 82h
03h STATUS STATUS 83h
04h FSR FSR 84h
05h GPIO TRIS 85h
06h 86h
07h 87h
08h 88h
09h 89h
0Ah PCLATH PCLATH 8Ah
0Bh INTCON INTCON 8Bh
0Ch PIR1 PIE1 8Ch
0Dh 8Dh
OEh PCON 8Eh
OFh OSCCAL 8Fh
10h 90h
11h 91h
12h 92h
13h 93h
15h 95h
16h 96h
17h 97h
18h 98h
19h 99h
1Ah 9Ah
1Bh 9Bh
1Ch 9Ch
1Dh 9Dh
1Eh | ADRES 9Eh
1Fh ADCONO ADCON1 |9Fh
20h General AOh
Purpose
General Register _BFh
70h Purpose Coh
Register EFH
Mapped  [Fon
in Bank 0
7Fh Bank O Bank 1 FFh
[ Unimplemented data memory location; read as '0.
Note 1: Not a physical register.

FIGURE 3: PIC16C72 REGISTER FILE

MAP
File Address File Address

00h | INDF(1) INDF(1) 80h
01lh TMRO OPTION 81h
02h PCL PCL 82h
03h| STATUS STATUS 83h
04h FSR FSR 84h
05h | PORTA TRISA | gsp
06h PORTB TRISB 86h
07h | PORTC TRISC | g7p
08h 88h
09h 8oh
0Ah | PCLATH PCLATH | gan
0Bh| INTCON INTCON 8Bh
0Ch PIR1 PIE1 8Ch
0Bh 8Dh
OEh| TMRIL PCON 8Eh
OFh| TMRI1H 8Eh
10h| TI1CON 90h
11h TMR2 91h
12h| T2CON PR2 92h
13h| SSPBUF SSPADD | g3p,
14h | SSPCON SSPSTAT 94h
15h | CCPRI1L 95h
16h| CCPRIH 96h
17h | CCP1CON 97h
18h 98h
1on 99h
1AN 9Ah
1Bh 9Bh
1Ch 9Ch
1Dh 9Dh
1Eh ADRES 9Eh
1Fh | ADCONO ADCON1 9Fh
20h AOh

General General

Purpose Purpose

Register Register
BFh
COh

v/_\
—

7Fh //’___\\\\\\]FFh

Bank 0 Bank 1

[ Unimplemented data memory location; read as '0.
Note 1: Not a physical register.
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SPECIAL FUNCTION REGISTER SUMMARY (BANK 0)

PIC12C67X

PIC16C72

A IName | Bit7 | site | Bits | Bita | Bits | Btz | Bit1 | BitO
Bank 0

oon® | INDF i/;:iedr;essing this location uses contents of FSR to address data memory (not a physical reg-
01h TMRO Timer0 module’s register

02h® | PcL Program Counter's (PC) Least Significant Byte

03h® [sTATUS | IRPY | RP1® | RPO | TO | PD | z | DC | c
04h® | FSR Indirect data memory address pointer

05h GPIO = | = | GP5 | GP4 | GP3 | GP2 | GP1 | GPO
06h — Unimplemented

07h — Unimplemented

08h — Unimplemented ( 1)—\

0%h — Unimplemented / \
0AN™2) | PCLATH = = = WriteBufferfgmeuppersbitsoftheProgramCou*er
oBh® [INTCON | GIE PEE | ToE | INTE J GPIE] TOF INTF | GBIF
0Ch PIR1 — ADIF — — — — — —
0Dh — Unimplemented

OEh — Unimplemented

OFh — Unimplemented

10h — Unimplemented

11h — Unimplemented

12h — Unimplemented

13h — Unimplemented

14h — Unimplemented

15h — Unimplemented

16h — Unimplemented

17h — Unimplemented

18h — Unimplemented

1% — Unimplemented

1Ah — Unimplemented

1Bh — Unimplemented

1Ch — Unimplemented

1Dh — Unimplemented

1Eh ADRES | A/ID Result Register

1Fh ADCONO | ADCS1 | ADCSO r CHsS1 CHSO % r ADON

@

The PIC12C67X bit names are different than the corre-
sponding PIC16C72 names, but the functions are the
same.

Name | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
INDF Addressing this location uses contents of FSR to address data memory (not a physical register)
TMRO Timer0 module’s register
PCL Program Counter's (PC) Least Significant Byte
STATUS IRP®) | RP14) | RPO | TO | PD | z | DC | c
FSR Indirect data memory address pointer
PORTA = | = | PORTA Data Latch when written: PORTA pins when read
PORTB PORTB Data Latch when written: PORTB pins when read
PORTC PORTC Data Latch when written: PORTC pins when read
— Unimplemented
— Unimplemented
PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF
PIR1 = ADIF = = SSPIF CCP1IF | TMR2IF | TMRI1IF
— Unimplemented
TMRI1L Holding register for the Least Significant Byte of the 16-bit TMR1 register
TMRIH | Holding register for the Most Significant Byte of the 16-bit TMR1 register
TICON = — | TICKPS | TICKPS | TIOSCE | TISYRC | TMRICS | TMRION
TMR2 Timer2 module’s register
T2CON _ TOUTPS | TOUTPS | TOUTPS | TOUTPS TMR20ON T2CKPS | T2CKPS
3 2 1 0 1 0
SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register
SSPCON | wcoL | SSPoOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO
CCPRIL | Capture/Compare/PWM Register (LSB)
CCPRIH | Capture/Compare/PWM Register (MSB)
Niinadl — | ccpix | cepiy | cepims | copimz | cepim | copimo
— Unimplemented
— Unimplemented
— Unimplemented
— Unimplemented
— Unimplemented
— Unimplemented
ADRES | AID Result Register
ADCONO | ADCS1 | ADCSO CHS2 CHS1 CHSO0 %(;/E — ADON

DS91020A-page 6
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SPECIAL FUNCTION REGISTER SUMMARY (BANK 1)
PIC12C67X

PIC16C72

Name | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
INDF Addressing this location uses contents of FSR to address data memory (not a physical register)
OPTION ‘RBPO |INTEDG| TOCS | TOSE | PSA | PSs2 | PS1 | PSO
PCL Program Counter's (PC) Least Significant Byte
STATUS IRP®) | RP14) | RPO | TO | PD | z | DC | c
FSR Indirect data memory address pointer
TRISA = | = | PORTA Data Direction Register
TRISB PORTB Data Direction Register
TRISC PORTC Data Direction Register
— Unimplemented
— Unimplemented
PCLATH — — — Write Buffer for the upper 5 bits of the PC
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF
PIEL = ADIE = = SSPIE CCPLE | TMR2IE | TMRIIE
— Unimplemented
N I R R R e R
— Unimplemented
— Unimplemented
— Unimplemented
PR2 Timer2 Period Register
SSPADD | Synchronous Serial Port (2C mode) Address Register
SSPSTAT = | = | D/A | P | S | RW | UA | BF
— Unimplemented
— Unimplemented
— Unimplemented
— Unimplemented
— Unimplemented
— Unimplemented
— Unimplemented
— Unimplemented
— Unimplemented
— Unimplemented
ADCON1 = | = | = | = | = | PCFG2 | PCFG1 | PCFGO

A \name | Bit7 | Bite | Bits | mita | Bits | Bitz | Bit1 | BitO
( 1) Bank 1

son® | INDE Adgees?mg this location uses contents of FSR to address data memory (not a physical
re )y

81h OPTION ml INTEDG| TOCS | TOSE | PSA | PS2 | PS1 | PSO

82n® | pcL Program Counter's (PC) Least Significant Byte

83n® [ sTATUS | IRP® | RP14 | RPO | TO | PD | z | DC | [¢

84n® | FSR Indirect data memory address pointer

85h TRIS — | — |GPIODa!aDireclionRegisler

86h — Unimplemented

87h — Unimplemented

8sh — Unimplemented ( 1 \_\

8%h — Unimplemented N

8ANL2) | pCLATH — — — Write Buffer fOr the upper 5 bits of the PC *

88h® [INTCON | GIE Peie | ToE | INTE R GPIE} TOF | NTF § GPIF

8Ch PIEL = ADIE — — — — = —

8Dh — Unimplemented

8Eh | PCON — — — — — — POR =

grh  |osccAL| CAL3 [ CAL2 | CAL1 | CALO CA.IITFS CA\;'VS' = =

90h — Unimplemented *

91h — Unimplemented (D)

92h — Unimplemented \=/

93h — Unimplemented

94h — Unimplemented

95h — Unimplemented

96h — Unimplemented

97h — Unimplemented

98h — Unimplemented

9%h — Unimplemented

9Ah — Unimplemented

9Bh — Unimplemented

9Ch — Unimplemented

9Dh — Unimplemented

9Eh — Unimplemented

R el = = = — | peraz | Pera | Pereo

@

@

The PIC12C67X hit names are different than the corre-
sponding PIC16C72 names, but the functions are the

same.

The OSCCAL register is unimplemented in
the PIC16C72.
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Your application software can be written with the
MPASM conditional assembly feature. When emulat-
ing, assemble for the PIC16C72, when programming,
re-assemble for the PIC12C67X. The attached source
code (AtoD.asm) has been written to show a condi-
tional assembly example and re-mapping of the regis-
ters.

Software Emulation Differences and
work arounds:
Both devices have an ADCONL1 register with 3 bits of

control (PCFGO, 1, &2), however the PIC12C67X has
much finer control over it's individual A/D pins. There-

fore, if only one PIC12C67X A/D channel is needed
(ADCON1 = xxxx x110), the PIC16C72 emulator will be
configured as three A/D channels enabled (ADCON1=
xxxx x100). Only one channel will be connected from
the emulator to the PIC12C67X and the other two
channels will be ignored.

The ADCONL1 register differences are:

Table 2a:
PIC16C72 PCFG2:PCFGO0 A/D Control bits
PCFG2 . PCFGO RAS RA3 RAZ2 RA1 RAQ Vref

000 A A A A A VDD
001 A Vref A A A RA3
010 A A A A A VDD
011 A Vref A A A RA3
100 D A D A A VDD
101 D Vref D A A RA3
110 D D D D D ]----
111 D D D D D |-

Table 2b:

PIC12C67X PCFG2:PCFGO0 A/D Control bits

PCFG2 : PCFGO GP4 GP2 GP1 GPO Vref

000 A A A A VDD
001 A A Vref A GP1
010 D A A A VDD
011 D A Vref A GP1
100 D D A A VDD
101 D D Vref A GP1
110 D D D A VDD
111 D D D D ]----

[0 1998 Microchip Technology Inc.
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NOTES:

0 1998 Microchip Technology Inc. DS91020A-page 9



MICROCHIP

W ORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

Microchip Technology Inc.

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 602-786-7200 Fax: 602-786-7277
Technical Support: 602 786-7627
Web: http://www.microchip.com

Atlanta

Microchip Technology Inc.

500 Sugar Mill Road, Suite 200B
Atlanta, GA 30350

Tel: 770-640-0034 Fax: 770-640-0307

Boston

Microchip Technology Inc.

5 Mount Royal Avenue

Marlborough, MA 01752

Tel: 508-480-9990 Fax: 508-480-8575
Chicago

Microchip Technology Inc.

333 Pierce Road, Suite 180

Itasca, IL 60143

Tel: 630-285-0071 Fax: 630-285-0075

Dallas

Microchip Technology Inc.

14651 Dallas Parkway, Suite 816
Dallas, TX 75240-8809

Tel: 972-991-7177 Fax: 972-991-8588

Dayton

Microchip Technology Inc.

Two Prestige Place, Suite 150
Miamisburg, OH 45342

Tel: 937-291-1654 Fax: 937-291-9175

Los Angeles

Microchip Technology Inc.

18201 Von Karman, Suite 1090

Irvine, CA 92612

Tel: 714-263-1888 Fax: 714-263-1338

New York

Microchip Technology Inc.

150 Motor Parkway, Suite 202
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
Toronto

Microchip Technology Inc.

5925 Airport Road, Suite 200
Mississauga, Ontario L4V 1W1, Canada
Tel: 905-405-6279 Fax: 905-405-6253

ASIA/PACIFIC
Hong Kong

Microchip Asia Pacific

RM 3801B, Tower Two

Metroplaza

223 Hing Fong Road

Kwai Fong, N.T., Hong Kong

Tel: 852-2-401-1200 Fax: 852-2-401-3431

India

Microchip Technology Inc.

India Liaison Office

No. 6, Legacy, Convent Road

Bangalore 560 025, India

Tel: 91-80-229-0061 Fax: 91-80-229-0062

Japan

Microchip Technology Intl. Inc.

Benex S-1 6F

3-18-20, Shinyokohama

Kohoku-Ku, Yokohama-shi

Kanagawa 222 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

Tel: 82-2-554-7200 Fax: 82-2-558-5934

Shanghai

Microchip Technology

RM 406 Shanghai Golden Bridge Bldg.
2077 Yan'an Road West, Hong Qiao District
Shanghai, PRC 200335

Tel: 86-21-6275-5700

Fax: 86 21-6275-5060

Singapore

Microchip Technology Taiwan
Singapore Branch

200 Middle Road

#07-02 Prime Centre

Singapore 188980

Tel: 65-334-8870 Fax: 65-334-8850

ASIA/PACIFIC (CONTINUED)
Taiwan, R.O.C

Microchip Technology Taiwan

10F-1C 207

Tung Hua North Road

Taipei, Taiwan, ROC

Tel: 886-2-2717-7175 Fax: 886-2-2545-0139

EUROPE

United Kingdom

Arizona Microchip Technology Ltd.

505 Eskdale Road

Winnersh Triangle

Wokingham

Berkshire, England RG41 5TU

Tel: 44-1189-21-5858 Fax: 44-1189-21-5835

France

Arizona Microchip Technology SARL

Zone Industrielle de la Bonde

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 Microchip Technology GmbH
Gustav-Heinemann-Ring 125

D-81739 Miichen, Germany

Tel: 49-89-627-144 0 Fax: 49-89-627-144-44

Italy

Arizona Microchip Technology SRL
Centro Direzionale Colleoni

Palazzo Taurus 1 V. Le Colleoni 1

20041 Agrate Brianza

Milan, Italy

Tel: 39-39-6899939 Fax: 39-39-6899883

1/13/98

DNV Certification, Inc.

DNV MSC
The Netherlands
Accredited by the RvA

Microchip received ISO 9001 Quality
System certification for its worldwide
headquarters, design, and wafer
fabrication facilities in January, 1997.
Our field-programmable PICmicro™
8-bit MCUSs, Serial EEPROMs,
related specialty memory products
and development systems conform

"“E D,’
¢ <
g -]
N —
Pl DN
[~
1st%  1s0 9001

N—”

REGISTERED FIRM

to the stringent quality standards of
the International Standard
Organization (1SO).

All rights reserved. © 1998, Microchip Technology Incorporated, USA. 3/98 ﬂ Printed on recycled paper.

W

Information contained in this publication regarding device applications and the like is intended for suggestion only and may be superseded by updates. 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 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. The Microchip logo and name are registered trademarks of Microchip Technology Inc. in the U.S.A. and other countries. All rights reserved. All other
trademarks mentioned herein are the property of their respective companies.

DS91020A-page 10

0 1998 Microchip Technology Inc.



