
PIC18CXXX
In-Circuit Serial ProgrammingTM for PIC18CXXX OTP MCUs
This document includes the 
programming specifications for the 
following devices:

1.0 PROGRAMMING THE 
PIC18CXXX

The PIC18CXXX can be programmed using a serial
method while in users’ system, allowing increased
design flexibility. This programming specification
applies to PIC18CXXX devices in all package types.

1.1 Hardware Requirements

The PIC18CXXX requires two programmable power
supplies, one for VDD and one for VPP. Both supplies
should have a minimum resolution of 0.25V.

1.2 Programming Mode

The Programming mode for the PIC18CXXX allows
programming of user program memory (except for the
PIC18C601/801 ROMless devices), special locations
used for ID, and the configuration words for the
PIC18CXXX.

Pin Diagrams

The pin diagrams for the PIC18CXX2 family are shown
below in Figure 1-1 through Figure 1-3. Pin diagrams for
the PIC18CXX8 family are provided in Figure 1-4
through Figure 1-7. Pin diagrams for the PIC18C601/801
family are provided in Figure 1-8 through Figure 1-11.

FIGURE 1-1: PIC18CXX2 FAMILY 
PIN DIAGRAM 

  

• PIC18C242 • PIC18C601

• PIC18C252 • PIC18C801

• PIC18C442 • PIC18C658

• PIC18C452 • PIC18C858
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* RB3 is the alternate pin for the CCP2 pin multiplexing.

DIP, Windowed CERDIP

Note: Pin compatible with 40-pin PIC16C7X devices.

TABLE 1-1: PIN DESCRIPTIONS (DURING PROGRAMMING): PIC18C242/252/442/452
PIC18C601/801/658/858

Pin Name
During Programming

Pin Name Pin Type Pin Description

MCLR/VPP VPP P Programming Power

VDD VDD P Power Supply

VSS VSS P Ground

RB6 RB6 I Serial Clock

RB7 RB7 I/O Serial Data

Legend: I = Input, O = Output, P = Power
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PIC18CXXX
FIGURE 1-2: PIC18C4X2 44-PIN PLCC AND 44-PIN TQFP DIAGRAMS         
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Note: Pin compatible with 44-pin PIC16C7X devices.
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PIC18CXXX
FIGURE 1-3: PIC18C2X2 28-PIN DIP, SOIC, WINDOWED CERDIP DIAGRAM         
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Note: Pin compatible with 28-pin PIC16C7X devices.
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PIC18CXXX
FIGURE 1-4: PIC18C658 64-PIN TQFP DIAGRAM  
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Note: All PIC18C658 and PIC18C858 package outlines are compatible with PIC17C7XX.
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PIC18CXXX
FIGURE 1-5: PIC18C658 68-PIN PLCC DIAGRAM    
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Note: All PIC18C658 and PIC18C858 package outlines are compatible with PIC17C7XX.
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PIC18CXXX
FIGURE 1-6: PIC18C858 80-PIN TQFP DIAGRAM    

3

4

5

6

7

8

9

10

11

12

13

14

15

16

48

47

46

45

44

43

42

41

4039

64 63 62 61

21 22 23 24 25 26 27 28 29 30 31 32

R
E

2/
C

S

R
E

3

R
E

4

R
E

5

R
E

6

R
E

7/
C

C
P

2

R
D

0/
P

S
P

0

V
D

D

V
S

S

R
D

1/
P

S
P

1

R
D

2/
P

S
P

2

R
D

3/
P

S
P

3

R
D

4/
P

S
P

4

R
D

5/
P

S
P

5

R
D

6/
P

S
P

6

R
D

7/
P

S
P

7

RE1/WR

RE0/RD

RG0/CANTX1

RG1/CANTX2

RG2/CANRX

RG3

MCLR/VPP

RG4

VSS

VDD

RF7

RF6/AN11

RF5/AN10/CVREF

RF4/AN9

RF3/AN8

RF2/AN7/C1OUT

RB0/INT0

RB1/INT1

RB2/INT2

RB3/INT3

RB4

RB5

RB6

VSS

OSC2/CLKO/RA6

OSC1/CLKI

VDD

RB7

RC4/SDI/SDA

RC3/SCK/SCL

RC2/CCP1

R
F

0/
A

N
5

R
F

1/
A

N
6/

C
2O

U
T

A
V

D
D

A
V

S
S

R
A

3/
A

N
3/

V
R

E
F
+

R
A

2/
A

N
2/

V
R

E
F
-

R
A

1/
A

N
1

R
A

0/
A

N
0

V
S

S

V
D

D

R
A

4/
T

0C
K

I

R
A

5/
S

S
/A

N
4/

LV
D

IN

R
C

1/
T

1O
S

I

R
C

0/
T

1O
S

O
/T

13
C

K
I

R
C

7/
R

X
/D

T

R
C

6/
T

X
/C

K
RC5/SDO

R
J0

R
J1

R
H

1

R
H

0
1

2
RH2

RH3

17

18

RH7/AN15

RH6/AN14

R
H

5/
A

N
13

R
H

4/
A

N
12

R
K

1

R
K

0

37

RK3

RK2

50

49

RJ2

RJ3

19

20

33 34 35 36 38

58

57

56

55

54

53

52

51

60

59

68 67 66 6572 71 70 6974 7378 77 76 757980

PIC18C858

Note: All PIC18C658 and PIC18C858 package outlines are compatible with PIC17C7XX.
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PIC18CXXX
FIGURE 1-7: PIC18C858 84-PIN PLCC DIAGRAM    

1011

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26 60

59
58
57
56

55
54

53525150494847464544

9 8 7 6 5 4 3 2 1

27
28
29
30
31
32

33 3435 36 37 38 39 40 41 42 43

RB0/INT0
RB1/INT1
RB2/INT2
RB3/INT3
RB4
RB5
RB6
VSS

NC

OSC1/CLKI
VDD

RB7

RC4/SDI/SDA
RC3/SCK/SCL
RC2/CCP1

RE1/WR
RE0/RD

RG0/CANTX1
RG1/CANTX2
RG2/CANRX

RG3
MCLR/VPP

RG4

VSS

VDD

RF7
RF6/AN11

RF5/AN10/CVREF

RF4/AN9
RF3/AN8

RF2/AN7/C1OUT

R
E

2/
C

S
R

E
3

R
E

4
R

E
5

R
E

6
R

E
7/

C
C

P
2

R
D

0/
P

S
P

0
V

D
D

V
S

S

R
D

1/
P

S
P

1
R

D
2/

P
S

P
2

R
D

3/
P

S
P

3
R

D
4/

P
S

P
4

R
D

5/
P

S
P

5
R

D
6/

P
S

P
6

R
D

7/
P

S
P

7

R
F

1/
A

N
6/

C
2O

U
T

R
F

0/
A

N
5

A
V

D
D

A
V

S
S

R
A

3/
A

N
3/

V
R

E
F
+

R
A

2/
A

N
2/

V
R

E
F
-

R
A

1/
A

N
1

R
A

0/
A

N
0

V
S

S

V
D

D

R
A

4/
T

0C
K

I
R

A
5/

S
S

/A
N

4/
LV

D
IN

R
C

1/
T

1O
S

I
R

C
0/

T
1O

S
O

/T
13

C
K

I

R
C

7/
R

X
/D

T
R

C
6/

T
X

/C
K

RC5/SDO

RJ2
RJ3

R
J0

R
J1

R
K

0

R
K

1

RK3
RK2

R
H

1
R

H
0

RH2
RH3

R
H

5/
A

N
13

R
H

4/
A

N
12

RH7/AN15
RH6/AN14

67
66
65
64
63

62
61

68

74
73
72
71
70

7679 78 778083 82 8184 75

69

OSC2/CLKO/RA6

N
C

NC

N
C

PIC18C858

Note: All PIC18C658 and PIC18C858 package outlines are compatible with PIC17C7XX.
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PIC18CXXX
FIGURE 1-8: PIC18C601  64-PIN TQFP DIAGRAM      
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PIC18CXXX
FIGURE 1-9: PIC18C601 68-PIN PLCC DIAGRAM     
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PIC18CXXX
FIGURE 1-10: PIC18C801 80-PIN TQFP DIAGRAM    
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PIC18CXXX
FIGURE 1-11: PIC18C801 84-PIN PLCC DIAGRAM    
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PIC18CXXX
2.0 IN-CIRCUIT SERIAL 
PROGRAMMINGTM (ICSPTM) 
MODE

2.1 Introduction

Serial Programming mode is entered by asserting
MCLR/VPP = VIHH and RB6, RB7 = 0V. 

Instructions are fed into the CPU serially on RB7, and
are shifted on the rising edge, and latched on the falling
edge of the serial clock presented on RB6. RB7 serves
as data out, as well. Programming and verification are
performed by executing TBLRD and TBLWT instruc-
tions. The address pointer to the program memory is
simply the table pointer. The address pointer can be
incremented and decremented by executing table
reads and writes with auto-decrement and auto-incre-
ment.

2.2 ICSP Operation

In ICSP mode, instruction execution takes place
through a serial interface using RB6 and RB7. RB7 is
used to shift in instructions and shift out data from the
TABLAT register. RB6 is used as the serial shift clock
and the CPU execution clock. Instructions and data are
shifted LSb first.

In this mode, all instructions are shifted serially, loaded
into the instruction register, and executed.   No program
fetching occurs from internal or external program mem-
ory. 8-bit data bytes are read from the TABLAT register
via the same serial interface.

2.2.1 4-BIT SERIAL INSTRUCTIONS

A set of 4-bit instructions are provided for ICSP mode,
so the most common instructions used for ICSP can be
fetched quickly, and reduce the amount of time
required to program a device. The 4-bit opcode is
shifted in while the previously fetched instruction exe-
cutes. The 4-bit instruction contains the lower 4 bits of
an instruction opcode. The upper 12 bits default to all
0’s. Instructions with all 0’s in the upper byte of the
instruction word are by default, considered special
instructions. The serial instructions are decoded as
shown in Table 2-1.

TABLE 2-1: SPECIAL INSTRUCTIONS FOR SERIAL INSTRUCTION EXECUTION AND ICSP  

Mnemonic,
Operands

Description Cycles 4-bit Opcode
Status

Affected

NOP No Operation (shift in16-bit instruction) 1 0000 None

TBLRD * Table Read (no change to TBLPTR) 2 1000 None

TBLRD *+ Table Read (post-increment TBLPTR) 2 1001 None

TBLRD *- Table Read (post-decrement TBLPTR) 2 1010 None

TBLRD +* Table Read (pre-increment TBLPTR) 2 1011 None

TBLWT * Table Write (no change to TBLPTR) 2 1100 None

TBLWT *+ Table Write (post-increment TBLPTR) 2 1101 None

TBLWT *- Table Write (post-decrement TBLPTR) 2 1110 None

TBLWT +* Table Write (pre-increment TBLPTR) 2 1111 None

Legend: Refer to the PIC18CXXX Data Sheet (DS39026 or DS30475) for opcode field descriptions.

Note: All special instructions not included in this table are decoded as NOPs.
DS39028E-page 12  2001 Microchip Technology Inc.



PIC18CXXX
2.2.2 INITIAL SERIAL INSTRUCTION 
OPERATION

Upon ICSP mode entry, the CPU is idle. The execution
of the CPU is governed by a state machine. While the
first instruction is being clocked in, a forced NOP
(FNOP) is executed.

Following the FNOP instruction execution and shifting in
of the next instruction, the serial state machine will do
one of three things, depending upon the 4-bit
instruction  fetched:

1. If the instruction fetched was a NOP, the state
machine will suspend the CPU, awaiting a 16-bit
wide instruction to be shifted in. 

2. If the instruction is a TBLWT as shown in
Figure 2-1, the state machine suspends the
CPU from execution, while sixteen bits of data
are shifted in as data for the TBLWT instruction.

3. If the instruction is a TBLRD, then execution of
the TBLRD instruction begins immediately for
eight clock cycles, followed by eight clock cycles
where the contents of the TABLAT register is
shifted out onto RB7. 

Once sixteen clock cycles have elapsed, the next 4-bit
instruction is fetched, while the current instruction is
executed. Each instruction type is described in later
sections.

FIGURE 2-1: SERIAL INSTRUCTION TIMING AFTER RESET 
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PIC18CXXX
2.2.3 NOP SERIAL INSTRUCTION 
EXECUTION 

The NOP serial instruction is used to allow execution of
all other instructions not included in Table 2-1. When
the NOP instruction is fetched, the serial execution state
machine suspends the CPU for 16 clock cycles. During
these 16 clock cycles, all 16 bits of an instruction are
fed into the CPU and the NOP instruction is discarded.
Once all 16 bits have been shifted in, the state machine
will allow the instruction to be executed for the next four
clock cycles.

2.2.4 ONE-CYCLE 16-BIT INSTRUCTIONS

If the instruction fetched is a one-cycle instruction, then
the instruction operation will be completed in the four
clock cycles following the instruction fetched. During
instruction execution, the next 4-bit serial instruction is
fetched (see Figure 2-2).

FIGURE 2-2: SERIAL INSTRUCTION TIMING FOR 1-CYCLE, 16-BIT INSTRUCTIONS 

Note: 16-bit TBLWT and TBLRD instructions are
not permitted. They will cause timing prob-
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PIC18CXXX
FIGURE 2-3: 16-BIT, 1-CYCLE SERIAL INSTRUCTION FLOW AFTER RESET 
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PIC18CXXX
FIGURE 2-4: 16-BIT, 1-CYCLE SERIAL INSTRUCTION FLOW 
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PIC18CXXX
2.3 Serial Instruction Execution For 
Two-Cycle, One-Word Instructions

When a NOP instruction is fetched, the serial execution
state machine suspends the CPU for 16 clock cycles.
During these 16 clock cycles, all 16 bits of an instruc-
tion are fed in and the NOP instruction is discarded.

If the instruction fetched is a two-cycle, one-word
instruction, the instruction operation will require a sec-
ond “dummy fetch” to be performed before the instruc-
tion execution can be completed. The first cycle of the
instruction will be executed in the four clock cycles fol-
lowing the instruction fetched. During the first cycle of
instruction execution, the next 4-bit serial instruction is
fetched. To perform the second half of the two cycle
instruction, this 4-bit instruction must be a NOP, so the
state machine will remain idle for the second half of the
instruction. Following the fetch of the second NOP, the
state machine will shift 16 bits of data that will be dis-
carded. After the 16 bits of data are shifted in, the state
machine will release the CPU, and allow it to perform
the second half of the two-cycle instruction. During the
second half of the two-cycle instruction execution, the
next 4-bit instruction is loaded (see Figure 2-5).

FIGURE 2-5: 16-BIT, 2-CYCLE, 1-WORD INSTRUCTION SEQUENCE 
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PIC18CXXX
2.4 Serial Instruction Execution For 
Two-Word, Two-Cycle Instructions

After a NOP instruction is fetched, the serial execution
state machine suspends the CPU in the Q4 state for 16
clock cycles. During these 16 clock cycles, all 16 bits of
an instruction are fed in and the NOP instruction is
discarded.

If the 16-bit instruction fetched is a two-cycle, two-word
instruction, the instruction operation will require a sec-
ond operand fetch to be performed before the instruc-
tion execution can be completed. The first cycle of the
instruction will be executed in the four clock cycles fol-
lowing the 16-bit instruction fetch. During the first cycle
of instruction execution, the next 4-bit serial instruction
is fetched. To perform the second half of the two-cycle
instruction, this 4-bit instruction must also be a NOP, so
the state machine will remain idle for the second half of
the instruction. Following the fetch of the second NOP,
the state machine will shift 16 bits of data that will be
used as an operand for the two-cycle instruction. After
the 16 bits of data are shifted in, the state machine will
release the CPU, and allow it to execute the second
half of the two-cycle instruction. During the second half
of the two-cycle instruction execution, the next 4-bit
instruction is loaded (see Figure 2-6).

FIGURE 2-6: 16-BIT, 2-CYCLE, 2-WORD INSTRUCTION SEQUENCE 
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PIC18CXXX
FIGURE 2-7: 16-BIT, 2-CYCLE, 2-WORD SERIAL INSTRUCTION FLOW AFTER RESET 
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FIGURE 2-8: 16-BIT, 2-CYCLE, 2-WORD SERIAL INSTRUCTION FLOW 
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PIC18CXXX
2.5 TBLWT Instruction

The TBLWT instruction is a special two-cycle instruction.

All forms of TBLWT instructions (post/pre-increment,
post-decrement, etc.) are encoded as 4-bit special
instructions. This is useful as TBLWT instructions are
used repeatedly in ICSP mode. A 4-bit instruction will
minimize the total number of clock cycles required to
perform programming algorithms. 

The TBLWT instruction sequence operates as follows:

1. The 4-bit TBLWT instruction is read in by the
state machine on RB7 during the four clock
cycle execution of the instruction fetched previ-
ous to the TBLWT (which is a FNOP if the TBLWT
is executed following a RESET). 

2. Once the state machine recognizes that the
instruction fetched is a TBLWT, the state
machine proceeds to fetch in the 16 bits of data
that will be written into the program memory
location pointed to by the TBLPTR. 

3. The state machine releases the CPU to execute
the first cycle of the TBLWT instruction, while the
first four bits of the 16-bit data word are shifted in.
After the first cycle of TBLWT instruction has com-
pleted, the state machine shifts in the remaining
12 of the 16 bits of data. The data word will not be
used until the second cycle of the instruction.

4. After all 16 bits of data are shifted in and the first
cycle of the TBLWT is performed, the CPU will
execute the second cycle of the TBLWT opera-
tion, programming the current memory location
with the 16-bit value. The next instruction follow-
ing the TBLWT instruction, NOP, is shifted in dur-
ing the execution of the second cycle (see
Figure 2-9).   

The TBLWT instruction is used in ICSP mode to pro-
gram the EPROM array.  When writing a 16-bit value to
the EPROM, ID locations, or configuration locations,
the device, RB6 must be held high for the appropriate
programming time during the TBLWT instruction, as
specified by parameter P9. 

When RB6 is asserted low, the device will cease pro-
gramming the specified location. 

After RB6 is asserted low, RB6 is held low for the time
specified by parameter P10, to allow high voltage dis-
charge of the program memory array.

FIGURE 2-9: TBLWT INSTRUCTION SEQUENCE 
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FIGURE 2-10: TBLWT SERIAL INSTRUCTION FLOW AFTER RESET 
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FIGURE 2-11: TBLWT SERIAL INSTRUCTION FLOW 
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2.6 TBLRD Instruction

The TBLRD instruction is another special two-cycle
instruction. 

All forms of TBLRD instructions (post/pre-increment,
post-decrement, etc.) are encoded as 4-bit special
instructions. This is useful as TBLRD instructions are
used repeatedly in ICSP mode. A 4-bit instruction will
minimize the total number of clock cycles required to
perform programming algorithms. 

The TBLRD instruction sequence operates as follows:

1. The 4-bit TBLRD instruction is read in by the
state machine on RB7 during the four clock
cycle execution of the instruction fetched previ-
ous to the TBLRD (which is an FNOP if the TBLRD
is executed following a RESET). 

2. Once the state machine recognizes that the
instruction fetched is a TBLRD, the state
machine releases the CPU and allows execu-
tion of the first and second cycles of the TBLRD
instruction for eight clock cycles. When the
TBLRD is performed, the contents of the pro-
gram memory byte pointed to by the TBLPTR is
loaded into the TABLAT register.

3. After eight clock cycles have transitioned on
RB6, and the TBLRD instruction has completed,
the state machine will suspend the CPU for eight
clock cycles. During these eight clock cycles,
the state machine configures RB7 as an output,
and will shift out the contents of the TABLAT reg-
ister onto RB7, LSb first. 

4. When the state machine has shifted out all eight
bits of data, the state machine suspends the
CPU to allow an instruction pre-fetch. Four
clock cycles are required on RB6 to shift in the
next 4-bit instruction.

FIGURE 2-12: TBLRD INSTRUCTION SEQUENCE 
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FIGURE 2-13: TBLRD SERIAL INSTRUCTION FLOW AFTER RESET 
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FIGURE 2-14: TBLRD SERIAL INSTRUCTION FLOW 
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2.6.1 SOFTWARE COMMANDS

ICSP commands of the PICmicro® MCU are supported
in the PIC18CXXX family by simply combining CPU
instructions. Once in the  ICSP mode, instructions are
loaded into a shift register, and the device waits for a
command to be received. The ICSP commands for the
PIC18CXXX family are now “pseudo-commands” and
are shown in Table 2-2. The following sections describe
how to implement the pseudo-commands using CPU
instructions.

 

2.6.2 RESET ADDRESS

A reset of the program memory pointer is a write to the
upper, high, and low bytes of the TBLPTR. To reset the
program memory pointer, the following instruction
sequence is used.

NOP ;(4-BIT INSTRUCTION)
MOVLW 00h
NOP ;(4-BIT INSTRUCTION)
MOVWF TBLPTRU
NOP ;(4-BIT INSTRUCTION)
MOVWF TBLPTRH
NOP ;(4-BIT INSTRUCTION)
MOVWF TBLPTRL

TABLE 2-2: ICSP PSEUDO 
COMMAND MAPPING

ICSP™ 
Command

Golden Gate Instructions

Load 
Configuration

MOVLW #Address1

MOVWF TBLPTRL

MOVLW #Address2

MOVWF TBLPTRH

MOVLW #Address3

MOVWF TBLPTRU

Load Data
Not needed. Data encoded 
in 4-bit TBLWT 
instruction sequence.

Read Data TBLRD instruction

Increment 
Address

Not needed. Use TBLWT with 
increment/decrement 
(TBLWT *+/*-).

Load Address

MOVLW #Addr_low

MOVWF TBLPTRL

MOVLW #Addr_high

MOVWF TBLPTRH

MOVLW #Addr_upper

MOVWF TBLPTRU

RESET Address

MOVLW #Data

MOVWF TBLPTRH

MOVWF TBLPTRL

MOVWF TBLPTRU

Begin 
Programming 

TBLWT

End 
Programming

Not needed. Programming will 
cease at the end of TBLWT 
execution.
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FIGURE 2-15: RESET ADDRESS SERIAL INSTRUCTION SEQUENCE 
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FIGURE 2-16: RESET ADDRESS SERIAL INSTRUCTION SEQUENCE (CONTINUED)
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FIGURE 2-17: LOAD ADDRESS SERIAL INSTRUCTION SEQUENCE 
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FIGURE 2-18: LOAD ADDRESS SERIAL INSTRUCTION SEQUENCE (CONTINUED)
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2.6.4 ICSP BEGIN PROGRAMMING

Programming is performed by executing a TBLWT
instruction. In ICSP mode, the TBLWT instruction
sequence will include 16 bits of data shifted into a data
buffer, and then written to the word location addressed
by the TBLPTR. Although the TBLPTR addresses the
program memory on a byte wide boundary, all 16 bits of
data shifted in during the TBLWT sequence are written
at once. The 16 bits are shifted into the TABLAT and
buffer registers. The TBLPTR points to the word that
will be programmed; it can point to either the high or the
low byte (see Figure 2-19).

The sequence for programming a location could occur
as follows:

1. Set up the TLBPTR with the first address to be
programmed (even or odd byte).

2. Shift in a 4-bit TBLWT instruction.
3. 16 bits of data are shifted in for programming

both high and low byte of the first programmed
location.

4. Execute TBLWT instruction to program location.
5. Verify high byte (odd address) by executing

TLBRD*- (post-decrement). (TBLPTR points at
odd address.)

6. Verify low byte (even address) by executing
TLBRD*+ (post-increment). (TBLPTR points at
odd address again.)

7. If location doesn’t verify, go back to step 4.

8. If location does verify, begin 3x over-
programming (see Section 2.6.7).

The TBLWT instruction offers flexibility with multiple
addressing modes: pre-increment, post-increment,
post-decrement, and no change of the TBLPTR. These
modes eliminate the need for the increment address
command sequence.

FIGURE 2-19: DATA BUFFERING SCHEME FOR ICSP 
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2.6.5 PROGRAMMING INSTRUCTION 
SEQUENCE

The instructions needed to execute a programming
sequence are shown in the following example. Many of
the instruction sequences are also shown in previous
sections.

NOP ; 4-bit instruction
; Set up low byte 
; of program address

MOVLW Low_Byte_Address ; = 00
NOP ; 4-bit instruction
MOVWF TBLPTRL
NOP ; 4-bit instruction

; Set up high byte 
; of program
; address 

MOVLW High_Byte_Address ; = 00
NOP ; 4-bit instruction
MOVWF TBLPTRH
NOP ; 4-bit instruction

; Set up upper byte
; of program 
; address

MOVLW Upper_Byte_Address; = 00
NOP ; 4-bit instruction
MOVWF TBLPTRU ; Program data byte

; included in TBLWT
; instruction
; sequence

TBLWT+* ; TBLPTR = 000000h

A write of a program memory location with an odd or an
even address causes a long write cycle in ICSP mode.
The 16-bit data is encoded in the TBLWT sequence and
is loaded into the temporary buffer register for word
wide writes.

2.6.6 VERIFY SEQUENCE

The table pointer = 000001h in the last example. A
TBLRD will then read the odd address byte of the cur-
rent program word address location first. The verify
sequence will be as follows:

; Read/verify high byte first
TBLRD*- 

; TBLPTR = 0000 post-dec
; Read/verify low byte

TBLRD*

The first TBLRD decrements the table pointer to point to
the even address byte of the current program word.
After the first and second cycle of the TBLRD are per-
formed, all eight bits of data are shifted out on RB7. The
fetch of the second TBLRD occurs on the next four
clock cycles. The second TBLRD does not modify the
table pointer address. This allows another program-
ming cycle (TBLWT+*) to take place if the verify doesn’t
match the program data, without having to update the
table pointer.

If the contents of the verify do not match the intended
program data word, then the TBLWT instruction must be
repeated with the correct contents of the current pro-
gram word. Therefore, only one instruction needs to be
performed to repeat the programming cycle:

TBLWT+*

2.6.7  3X OVER-PROGRAMMING

Once a location has been both programmed and veri-
fied over the range of voltages, 3x over-programming
should be applied. In other words, apply three times the
number of programming pulses required to program a
location in memory to ensure solid programming
margin.

This means that every location will be programmed a
minimum of four times (1 + 3x over-programming).
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FIGURE 2-20: DETAILED PROGRAMMING FLOW CHART – PROGRAM MEMORY
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FIGURE 2-21: DETAILED PROGRAMMING FLOW CHART – PROGRAM MEMORY (CONTINUED) 
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2.6.8 LOAD CONFIGURATION

The Configuration registers are located in test memory,
and are only addressable when the high address bit of
the TBLPTR (bit 21) is set. Test program memory con-
tains test memory, configuration registers, calibration
registers, and ID locations. The desired address must
be loaded into all three bytes of the table pointer to pro-
gram specific ID locations, or the configuration bits. To
program the configuration registers, the following
sequence must be followed:

NOP ; 4-bit instruction 
; shift in 16-bit 
; MOVLW instruction

MOVLW 03h
NOP ; 4-bit instruction

; shift in 16-bit 
; MOVWF instruction 
; Enable Test memory

MOVWF TBLPTRU
NOP ; 4-bit instruction

; shift in 16-bit 
; MOVLW instruction

MOVLW Low_Config_Address
NOP ; 4-bit instruction

; shift in 16-bit 
; MOVWF instruction

MOVWF TBLPTRL
NOP ; 4-bit instruction

; shift in 16-bit 
; MOVLW instruction

MOVLW High_Config_Address
NOP ; 4-bit instruction

; shift in 16-bit 
; MOVWF instruction

MOVWF TBLPTRH
NOP ; 4-bit instruction 

; shift in 16-bit 
; MOVLW instruction

TBLWT*+
; 16-bits of data are
; shifted in for write
; of config1L and 
; config1H TBLWT is a
; 4-bit special 
; instruction.
; Wait P9 for 
; programming

2.6.9 END PROGRAMMING

When programming occurs, 16 bits of data are pro-
grammed into memory. The 16 bits of data are shifted
in during the TBLWT sequence. After the programming
command (TBLWT) has been executed, the user must
wait P9 until programming is complete, before another
command can be executed by the CPU. There is no
command to end programming. 

RB6 must remain high for as long as programming is
desired. When RB6 is lowered, programming will
cease.

After the falling edge occurs on RB6, RB6 must be held
low for a period of time (Parameter 10), so a high volt-
age discharge can be performed. This ensures the pro-
gram array isn’t stressed at high voltage during
execution of the next instruction. The high voltage dis-
charge will occur while RB6 is low, following the
programming time.
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FIGURE 2-22: DETAILED PROGRAMMING FLOW CHART – CONFIG WORD 
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FIGURE 2-23: DETAILED PROGRAMMING FLOW CHART – CONFIG WORD 
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FIGURE 2-24: DETAILED PROGRAMMING FLOW CHART – ID LOCATION 
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FIGURE 2-25: DETAILED PROGRAMMING FLOW CHART – ID LOCATION (CONTINUED) 
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3.0  CONFIGURATION WORD   

The configuration bits can be programmed (read as ’0’),
or left unprogrammed (read as ’1’), to select various
device configurations. These bits are mapped starting
at program memory location 300000h.

The user will note that address 300000h is beyond the
user program memory space. In fact, it belongs to the
configuration memory space (300000h – 3FFFFFh).

3.1 ID Locations

A user may store identification information (ID) in eight
ID locations mapped in [0x200000:0x200007]. It is
recommended that the user use only the four Least
Significant bits of each ID location.

The ID locations do not read out in a scrambled fashion
after code protection is enabled. For all devices, it is
recommended to write ID locations as ‘1111 bbbb’
where ‘bbbb’ is the ID information.

  

TABLE 3-2: 18CXX8 CONFIGURATION BITS AND DEVICE IDS  

TABLE 3-3: 18C601/801 CONFIGURATION BITS AND DEVICE IDS                  

Note: The PIC18C601/801 devices do not have
user ID locations.

TABLE 3-1: 18CXX2 CONFIGURATION BITS AND DEVICE IDS

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default/

Unprogrammed
Value

300000h CONFIG1L CP CP CP CP CP CP CP CP 1111 1111

300001h CONFIG1H r r OSCSEN — — FOSC2 FOSC1 FOSC0 111- -111

300002h CONFIG2L — — — — BORV1 BORV0 BOREN PWRTEN ---- 1111

300003h CONFIG2H — — — — WDTPS2 WDTPS1 WDTPS0 WDTEN ---- 1111

300005h CONFIG3H — — — — — — — CCP2MX ---- ---1

300006h CONFIG4L — — — — — — r STVREN ---- --11

3FFFFEh DEVID1 DEV2 DEV1 DEV0 REV4 REV3 REV2 REV1 REV0 0000 0000

3FFFFFh DEVID2 DEV10 DEV9 DEV8 DEV7 DEV6 DEV5 DEV4 DEV3 0000 0010

Legend: x = unknown, u = unchanged, - = unimplemented, q = value depends on condition, r = reserved.
Grayed cells are unimplemented, read as 0.

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default/

Unprogrammed
Value

300000h CONFIG1L CP CP CP CP CP CP CP CP 1111 1111

300001h CONFIG1H r r OSCSEN — — FOSC2 FOSC1 FOSC0 111- -111

300002h CONFIG2L — — — — BORV1 BORV0 BOREN PWRTEN ---- 1111

300003h CONFIG2H — — — — WDTPS2 WDTPS1 WDTPS0 WDTEN ---- 1111

300006h CONFIG4L — — — — — — r STVREN ---- --11

3FFFFEh DEVID1 DEV2 DEV1 DEV0 REV4 REV3 REV2 REV1 REV0 0000 0000

3FFFFFh DEVID2 DEV10 DEV9 DEV8 DEV7 DEV6 DEV5 DEV4 DEV3 0000 0010

Legend: x = unknown,  u = unchanged,  - = unimplemented,  q = value depends on condition, r = reserved.
Grayed cells are unimplemented, read as 0.

Filename Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default/

Unprogrammed
Value

300001h CONFIG1H — — — — — — FOSC1 FOSC0 ---- --10

300002h CONFIG2L — BW — — — — — PWRTEN -1-- ---1

300003h CONFIG2H — — — — WDTPS2 WDTPS1 WDTPS0 WDTEN ---- 1111

300006h CONFIG4L r — — — — — — STVREN 1--- ---1

3FFFFEh DEVID1 DEV2 DEV1 DEV0 REV4 REV3 REV2 REV1 REV0 0000 0000

3FFFFFh DEVID2 DEV10 DEV9 DEV8 DEV7 DEV6 DEV5 DEV4 DEV3 0000 0010

Legend: x = unknown, u = unchanged, - = unimplemented, q = value depends on condition, r = reserved. 
Shaded cells are unimplemented, read as ‘0’.
 2001 Microchip Technology Inc. DS39028E-page 41



PIC18CXXX
TABLE 3-4: PIC18CXXX FAMILY CONFIGURATION BITS

Bit Name
Bit 

Type
File Name/Devices Description

CP R/P – 1 CONFIG1L/
18CXX2 and 18CXX8

Code Protection bits
1 = Program memory code protection off
0 = All of program memory code protected

OSCSEN R/P – 1 CONFIG1H/
18CXX2 and 18CXX8

Oscillator System Clock Switch Enable bit
1 = Oscillator system clock switch option is disabled

(main oscillator is source)
0 = Oscillator system clock switch option is enabled 

(oscillator switching is enabled)

FOSC2:
FOSC0

R/P – 1 CONFIG1H/
18CXXX

Oscillator Selection bits
111 = RC oscillator w/OSC2 configured as RA6 

(reserved on PIC18C601/801)
110 = HS oscillator with PLL enabled/Clock frequency  = 

(4 X FOSC) (reserved on PIC18C601/801)
101 = EC oscillator w/OSC2 configured as RA6 

(reserved on PIC18C601/801)
100 = EC oscillator w/OSC2 configured as divide by 

4 clock output (reserved on PIC18C601/801)
011 = RC oscillator
010 = HS oscillator
001 = XT oscillator
000 = LP oscillator

BORV1:
BORV0

R/P – 1 CONFIG2L/
18CXX2 and 18CXX8

Brown-out Reset Voltage bits
11 = VBOR set to 2.5V
10 = VBOR set to 2.7V
01 = VBOR set to 4.2V
00 = VBOR set to 4.5V

BOREN R/P – 1 CONFIG2L/
18CXX2 and 18CXX8

Brown-out Reset Enable bit
1 = Brown-out Reset enabled
0 = Brown-out Reset disabled

PWRTEN R/P – 1 CONFIG2L/
18CXXX

Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled
Enabling Brown-out Reset automatically enables the 
Power-up Timer (PWRT), regardless of the value of bit 
PWRTEN.  Ensure Power-up Timer is enabled when 
Brown-out Reset  is enabled. 

WDTPS2:
WDTPS0

R/P – 1 CONFIG2H/
18CXXX

Watchdog Timer Postscale Select bits
111 = 1:128
110 = 1:64
101 = 1:32
100 = 1:16
011 = 1:8
010 = 1:4
001 = 1:2
000 = 1:1

Legend: R = readable, P = programmable, U = unimplemented, read as '0', 
- n = value when device is unprogrammed, u = unchanged.
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WDTEN R/P – 1 CONFIG2H/
18CXXX

Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled (control is placed on SWDTEN bit)

CCP2MX R/P – 1 CONFIG3H/
18CXX2

CCP2 Mux bit
1 = CCP2 input/output is multiplexed with RC1
0 = CCP2 input/output is multiplexed with RB3

STVREN R/P – 1 CONFIG4L/
18CXXX

Stack Overflow/Underflow Reset Enable bit
1 = Stack Overflow/Underflow will cause RESET
0 = Stack Overflow/Underflow will not cause RESET

BW R/P – 1 CONFIG2L/
18C601/801

External Bus Data Width bit
1 = 16-bit External Bus mode
0 = 8-bit External Bus mode

DEV10:DEV3 R DEVID2/
18CXXX

Device ID bits
These bits are used with the DEV2:DEV0 bits in the 
DEVID1 register to identify part number.

DEV2:DEV0 R DEVID1/
18CXXX

Device ID bits
These bits are used with the DEV10:DEV3 bits in the 
DEVID2 register to identify part number.

REV4:REV0 R DEVID1/
18CXXX

These bits are used to indicate the revision of the device.

TABLE 3-4: PIC18CXXX FAMILY CONFIGURATION BITS (CONTINUED)

Bit Name
Bit 

Type
File Name/Devices Description

Legend: R = readable, P = programmable, U = unimplemented, read as '0', 
- n = value when device is unprogrammed, u = unchanged.
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3.2 Embedding Configuration Word Information in the HEX File

3.3 Checksum Computation

The checksum is calculated by summing the following:

• The contents of all program memory locations
• The configuration word, appropriately masked

• Masked ID locations (when applicable)

The Least Significant 16 bits of this sum are the
checksum.

Table 3-5 describes how to calculate the checksum for
each device. Note that the checksum calculation differs
depending on the code protect setting. Since the pro-
gram memory locations read out differently, depending
on the code protect setting, the table describes how to
manipulate the actual program memory values to sim-
ulate the values that would be read from a protected
device. When calculating a checksum by reading a
device, the entire program memory can simply be read
and summed. The configuration word and ID locations
can always be read.

Note that some older devices have an additional value
added in the checksum. This is to maintain compatibil-
ity with older device programmer checksums.

.

To allow portability of code, a PIC18CXXX programmer is required to read the configuration word locations from the
HEX file when loading the HEX file. If configuration word information was not present in the HEX file, then a simple
warning message may be issued. Similarly, while saving a HEX file, all configuration word information must be
included. An option to not include the configuration word information may be provided. When embedding configuration
word information in the HEX file, it should be to address FE00h. 

Microchip Technology Inc. feels strongly that this feature is important for the benefit of the end customer.

Note: The checksum computations are shown
only for devices with on-chip EPROM (i.e.,
PIC18CXX2 and PIC18CXX8 devices).
Because PIC18C601/801 devices do not
have on-chip EPROM, no formulas are
shown for them. The decision to implement
a checksum for these devices, as well as
the details of the checksum scheme, are
left to the discretion of the user.
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TABLE 3-5: CHECKSUM COMPUTATION

Device
Code

Protect
Checksum

Blank
Value

0xAA at 0
and Max
Address

PIC18C242

Disabled
SUM[0x0000:0x3FFF] + CONFIG1L & 0xFF + CONFIG1H & 0x27 + 
CONFIG2L & 0x0F + CONFIG2H & 0x0F + CONFIG3H & 0x01 + 
CONFIG4L & 0x01 

0xC146 0xC09C

Enabled
CONFIG1L & 0xFF + CONFIG1H & 0x27 + CONFIG2L & 0x0F + 
CONFIG2H & 0x0F + CONFIG3H & 0x01 + CONFIG4L & 0x01 + 
SUM_ID

0x005E 0x0068

PIC18C252

Disabled
SUM[0x0000:0x7FFF] + CONFIG1L & 0xFF + CONFIG1H & 0x27 + 
CONFIG2L & 0x0F + CONFIG2H & 0x0F + CONFIG3H & 0x01 + 
CONFIG4L & 0x01 

0x8146 0x809C

Enabled
CONFIG1L & 0xFF + CONFIG1H & 0x27 + CONFIG2L & 0x0F + 
CONFIG2H & 0x0F + CONFIG3H & 0x01 + CONFIG4L & 0x01 + 
SUM_ID

0x005A 0x0064

PIC18C442

Disabled
SUM[0x0000:0x3FFF] + CONFIG1L & 0xFF + CONFIG1H & 0x27 + 
CONFIG2L & 0x0F + CONFIG2H & 0x0F + CONFIG3H & 0x01+ 
CONFIG4L & 0x01 

0xC146 0xC09C

Enabled
CONFIG1L & 0xFF + CONFIG1H & 0x27 + CONFIG2L & 0x0F + 
CONFIG2H & 0x0F + CONFIG3H & 0x01 + CONFIG4L & 0x01 + 
SUM_ID

0x005E 0x0068

PIC18C452

Disabled
SUM[0x0000:0x7FFF] + CONFIG1L & 0xFF + CONFIG1H & 0x27 + 
CONFIG2L & 0x0F + CONFIG2H & 0x0F + CONFIG3H & 0x01 + 
CONFIG4L & 0x01

0x8146 0x809C

Enabled
CONFIG1L & 0xFF + CONFIG1H & 0x27 + CONFIG2L & 0xF + 
CONFIG2H & 0x0F + CONFIG3H & 0x01 + CONFIG4L & 0x01 + 
SUM_ID

0x005A 0x0064

PIC18C658
Disabled

SUM[0x0000: 0x7FFF] + CONFIG1L & 0xFF + CONFIG1H & 0x27 
+ CONFIG2L & 0x0F + CONFIG2H & 0x0F + CONFIG4L & 0x01

0x8145 0x809B

Enabled
CONFIG1L & 0xFF + CONFIG1H & 0x27 + CONFIG2L & 0x0F + 
CONFIG2H & 0x0F + CONFIG4L & 0x01 + SUM_ID

0x0058 0x0062

PIC18C858
Disabled

SUM[0x0000: 0x7FFF] + CONFIG1L & 0xFF + CONFIG1H & 0x27 
+ CONFIG2L & 0x0F + CONFIG2H & 0x0F + CONFIG4L & 0x01

0x8145 0x809B

Enabled
CONFIG1L & 0xFF + CONFIG1H & 0x27 + CONFIG2L & 0x0F + 
CONFIG2H & 0x0F + CONFIG4L & 0x01 + SUM_ID

0x0058 0x0062

Legend: Item Description
CFGW = Configuration Word 
SUM[a:b] = Sum of locations a to b inclusive 
SUM_ID = Byte-wise sum of lower four bits of all customer ID locations 
+ = Addition 
& = Bitwise AND 
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4.0 AC/DC CHARACTERISTICS 
TIMING REQUIREMENTS FOR PROGRAM/VERIFY TEST MODE

Standard Operating Conditions

Operating Temperature: -40°C ≤ TA ≤ +40°C, unless otherwise stated (25°C is recommended)

Operating Voltage: 4.75V ≤ VDD ≤ 5.25V, unless otherwise stated

Param 
No.

Sym Characteristic Min Typ† Max Units Conditions

VIHH Programming Voltage on VPP/MCLR pin 12.75 — 13.25 V —

IPP Programming current on MCLR 
pin

18CXX2/XX8 — 25 50 mA —

18C601/801 — .5 1 mA —

P1 TSER Serial setup time 20 — — ns —

P2 TSCLK Serial clock period 100 — — ns —

P3 TSET1 Input Data Setup Time to serial clock ↓ 15 — — ns —

P4 THLD1 Input Data Hold Time from serial clock ↓ 15 — — ns —

P5 TDLY1 Delay between last clock ↓ to first clock ↑ of 
next command

20 — — ns —

P6 TDLY2 Delay between last clock ↓ of command byte to 
first clock ↑ of read of data word

20 — — ns —

P8 TDLY4 Data input not driven to next clock input 1 — — ns —

P9 TDLY5 RB6 high time (minimum 
programming time)

18CXX2/XX8 100 — — µs —

18C601/801 1 — — ms —

P10 TDLY6 RB6 low time after programming 
(high voltage discharge time)

18CXX2/XX8 100 — — ns —

18C601/801 5 — — µs —

P14 TVALID Data out valid from SCLK ↑ 10 — — ns —

† Data in “Typ” column is at 5V, 25°C, unless otherwise stated.
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Note the following details of the code protection feature on PICmicro® MCUs.

• The PICmicro family meets the specifications contained in the Microchip Data Sheet.
• Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today, 

when used in the intended manner and under normal conditions.
• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-

edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet. 
The person doing so may be engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.
• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 

mean that we are guaranteeing the product as “unbreakable”.
• Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of 

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.
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.
 2001 Microchip Technology Inc.
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