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PIC18FXX39

TABLE 1-3: PIC18F4X39 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name _I_Pm BTuffer Description
DIP | QFN | TQFP | 'YPe| lype
PORTB is a bi-directional /0 port. PORTB can be
software programmed for internal weak pull-ups on all
inputs.
RBO/INTO 33 9 8
RBO I/0 TTL Digital I/0.
INTO | ST External interrupt O.
RB1/INT1 34 10 9
RB1 I/0 TTL Digital I/0.
INT1 | ST External interrupt 1.
RB2/INT2 35 11 10
RB2 I/0 TTL Digital I/0.
INT2 | ST External interrupt 2.
RB3 36 12 11 I/0 TTL Digital I/0.
RB4 37 14 14 I/0 TTL Digital I/0. Interrupt-on-change pin.
RB5/PGM 38 15 15
RB5 110 TTL Digital I/0. Interrupt-on-change pin.
PGM 110 ST Low Voltage ICSP programming enable pin.
RB6/PGC 39 16 16
RB6 /0 TTL Digital I/0. Interrupt-on-change pin.
PGC 110 ST In-Circuit Debugger and ICSP programming
clock pin.
RB7/PGD 40 17 17
RB7 1/0 TTL Digital I/O. Interrupt-on-change pin.
PGD 110 ST In-Circuit Debugger and ICSP programming
data pin.

Legend: TTL = TTL compatible input
ST = Schmitt Trigger input with CMOS levels |
O = Output
OD = Open Drain (no P diode to VDD)

CMOS = CMOS compatible input or output
= Input
P = Power
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PIC18FXX39

4.6 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle,
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO),
then two cycles are required to complete the instruction
(Example 4-1).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register” (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3, and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

EXAMPLE 4-1: INSTRUCTION PIPELINE FLOW
TcyO Tcyl Tcy2 Tcy3 Tcy4 Tcy5

1. MOVLW 55h Fetch 1 Execute 1

2. MOVWF PORTB Fetch 2 Execute 2

3. BRA SUB 1 Fetch 3 Execute 3

4. BSF  PORTA, BIT3 (Forced NOP) Fetch 4 Flush (nop)

5. Instruction @ address SUB 1 Fetch SUB_1| Execute SUB_1
Allinstructions are single cycle, except for any program branches. These take two cycles since the fetch instruction
is “flushed” from the pipeline while the new instruction is being fetched and then executed.

4.7 Instructions in Program Memory

The program memory is addressed in bytes. Instruc-
tions are stored as two bytes or four bytes in program
memory. The Least Significant Byte of an instruction
word is always stored in a program memory location
with an even address (LSB = 0). Figure 4-4 shows an
example of how instruction words are stored in the pro-
gram memory. To maintain alignment with instruction
boundaries, the PC increments in steps of 2 and the
LSB will always read ‘0’ (see Section 4.4).

FIGURE 4-4:

The CALL and GOTO instructions have an absolute pro-
gram memory address embedded into the instruction.
Since instructions are always stored on word bound-
aries, the data contained in the instruction is a word
address. The word address is written to PC<20:1>,
which accesses the desired byte address in program
memory. Instruction #2 in Figure 4-4 shows how the
instruction, ‘GOTO 000006h’, is encoded in the pro-
gram memory. Program branch instructions, which
encode a relative address offset, operate in the same
manner. The offset value stored in a branch instruction
represents the number of single word instructions that
the PC will be offset by. Section 21.0 provides further
details of the instruction set.

INSTRUCTIONS IN PROGRAM MEMORY

Program Memory
Byte Locations —>

Instruction 1: MOVLW 055h
Instruction 2: GOTO 000006h

Instruction 3: MOVFF

123h, 456h

Word Address
LSB=1 LSB=0 J
000000h
000002h
000004h
000006h
OFh 55h 000008h
EFh 03h 00000AKh
FOh 00h 00000Ch
Clh 23h 00000Eh
F4h 56h 000010h
000012h
000014h

© 2002-2013 Microchip Technology Inc.
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4.7.1 TWO-WORD INSTRUCTIONS

The PIC18FXX39 devices have four two-word instruc-
tions: MOVFF, CALL, GOTO and LFSR. The second
word of these instructions has the 4 MSBs set to ‘1's
and is a special kind of NOP instruction. The lower 12
bits of the second word contain data to be used by the
instruction. If the first word of the instruction is exe-
cuted, the data in the second word is accessed. If the

EXAMPLE 4-2:

TWO-WORD INSTRUCTIONS

second word of the instruction is executed by itself (first
word was skipped), it will execute as a NOP. This action
is necessary when the two-word instruction is preceded
by a conditional instruction that changes the PC. A pro-
gram example that demonstrates this concept is shown
in Example 4-2. Refer to Section 21.0 for further details
of the instruction set.

CASE 1:

Object Code Source Code

0110 0110 0000 0000 | TSTFSZ REG1

is RAM location 07?

1100 0001 0010 0011 MOVFF REG1, REG2 ; No, execute 2-word instruction

1111 0100 0101 0110

2nd operand holds address of REG2

0010 0100 0000 0OOO ADDWF REG3

continue code

CASE 2:

Object Code Source Code

0110 0110 0000 0OOO TSTFSZ REG1

is RAM location 07?

1100 0001 0010 0011 MOVFF REG1l, REG2 ; Yes

1111 0100 0101 0110

2nd operand becomes NOP

0010 0100 0000 0000 | ADDWF REG3

continue code

4.8 Lookup Tables

Lookup tables are implemented two ways. These are:

e Computed GOTO
« Table Reads

48.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL).

A lookup table can be formed with an ADDWF PCL
instruction and a group of RETLW 0Oxnn instructions.
WREG is loaded with an offset into the table before
executing a call to that table. The first instruction of the
called routine is the ADDWF PCL instruction. The next
instruction executed will be one of the RETLW 0xnn
instructions, that returns the value 0xnn to the calling
function.

The offset value (value in WREG) specifies the number
of bytes that the program counter should advance.

In this method, only one data byte may be stored in
each instruction location and room on the return
address stack is required.

Note: The ADDWF PCL instruction does not
update PCLATH and PCLATU. A read
operation on PCL must be performed to
update PCLATH and PCLATU.

48.2 TABLE READS/TABLE WRITES

A better method of storing data in program memory
allows 2 bytes of data to be stored in each instruction
location.

Lookup table data may be stored 2 bytes per program
word by using table reads and writes. The table pointer
(TBLPTR) specifies the byte address and the table
latch (TABLAT) contains the data that is read from, or
written to program memory. Data is transferred to/from
program memory, one byte at a time.

A description of the Table Read/Table Write operation
is shown in Section 5.1.

DS30485B-page 38
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4.9 Data Memory Organization

The data memory is implemented as static RAM. Each
register in the data memory has a 12-bit address,
allowing up to 4096 bytes of data memory. The data
memory map is divided into 16 banks that contain 256
bytes each. The lower 4 bits of the Bank Select Regis-
ter (BSR<3:0>) select which bank will be accessed.
The upper 4 bits for the BSR are not implemented.

The data memory contains Special Function Registers
(SFRs) and General Purpose Registers (GPRs). The
SFRs are used for control and status of the controller
and peripheral functions, while GPRs are used for data
storage and scratch pad operations in the user’s appli-
cation. The SFRs start at the last location of Bank 15
(FFFh) and extend downwards. Any remaining space
beyond the SFRs in the Bank may be implemented as
GPRs. GPRs start at the first location of Bank 0 and
grow upwards. Any read of an unimplemented location
will read as ‘0’s.

The organization of the data memory space for these
devices is shown in Figure 4-5 and Figure 4-6.
PIC18FX439 devices have 640 bytes of data RAM,
extending from Bank 0 to Bank 2 (000h through 27Fh).
The block of 128 bytes above this to the top of the bank
(280h to 2FFh) is used as data memory for the Motor
Control kernel, and is not available to the user. Reading
these locations will return random information that
reflects the kernel’s “scratch” data. Modifying the data
in these locations may disrupt the operation of the
ProMPT kernel.

PIC18FX539 devices have 1408 bytes of data RAM,
extending from Bank 0 to Bank 5 (000h through 57Fh).
As with the PIC18FX439 devices, the block of
128 bytes above this to the end of the bank (580h to
5FFh) is used by the Motor Control kernel.

The entire data memory may be accessed directly or
indirectly. Direct addressing may require the use of the
BSR register. Indirect addressing requires the use of a
File Select Register (FSRn) and a corresponding Indi-
rect File Operand (INDFn). Each FSR holds a 12-bit
address value that can be used to access any location
in the Data Memory map without banking.

The instruction set and architecture allow operations
across all banks. This may be accomplished by indirect
addressing, or by the use of the MOVFF instruction. The
MOVFF instruction is a two-word/two-cycle instruction
that moves a value from one register to another.

To ensure that commonly used registers (SFRs and
select GPRs) can be accessed in a single cycle,
regardless of the current BSR values, an Access Bank
is implemented. A segment of Bank 0 and a segment of
Bank 15 comprise the Access RAM. Section 4.10
provides a detailed description of the Access RAM.

4.9.1 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly or indi-
rectly. Indirect addressing operates using a File Select
Register and corresponding Indirect File Operand. The
operation of indirect addressing is shown in
Section 4.12.

Enhanced MCU devices may have banked memory in
the GPR area. GPRs are not initialized by a Power-on
Reset and are unchanged on all other RESETS.

Data RAM is available for use as GPR registers by all
instructions. The top half of Bank 15 (F80h to FFFh)
contains SFRs. All other banks of data memory contain
GPR registers, starting with Bank 0.

4.9.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFRs) are registers
used by the CPU and Peripheral Modules for control-
ling the desired operation of the device. These regis-
ters are implemented as static RAM. A list of these
registers is given in Table 4-1 and Table 4-2.

The SFRs can be classified into two sets; those asso-
ciated with the “core” function and those related to the
peripheral functions. Those registers related to the
“core” are described in this section, while those related
to the operation of the peripheral features are
described in the section of that peripheral feature.

The SFRs are typically distributed among the
peripherals whose functions they control. The unused
SFR locations will be unimplemented and read as '0's.
See Table 4-1 for addresses for the SFRs.

Note: In this chapter and throughout this docu-
ment, certain SFR names and individual
bits are marked with an asterisk (*). This
denotes registers that are not implemented
in PIC18FXX39 devices, but whose names
are retained to maintain compatibility with
PIC18FXX2 devices. The designated bits
within these registers are reserved and
may be used by certain modules or the
Motor Control kernel. Users should not
write to these registers or alter these bit
values. Failure to do this may result in
erratic microcontroller operation.

© 2002-2013 Microchip Technology Inc.
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FIGURE 4-5: DATA MEMORY MAP FOR PIC18FX439
BSR<3:0> Data Memory Map
000h
= 0000 00h Access RAM 07Fh
Bank O - EPR_ ~ 7| 080h
on 200n
- 00h
=0001
> Bank 1 GPR
o 3b0h
=0010 00h
> I _GPR_ __ _|27Fh
Bank 2 580h
Eeh | ProMPT Memory
= 0011 2FFh
» 300h
Access Bank
00h
: Access RAM Low
______ 7FE
Access RAM High| 80
Bank 3 N Unused ) (SFRS) 9
: to ™ Read‘0Oh FFh
Bank 14
When a =0,
the BSR is ignored and the
Access Bank is used.
The first 128 bytes are General
Purpose RAM (from Bank 0).
_ The second 128 bytes are
= 1110 Special Function Registers
EFFh (from Bank 15).
=1111 00h Unused Fooh
= s Bank1s f — — — — F7eh
FFh SFR FFFh
Whena =1,

the BSR is used to specify the
RAM location that the
instruction uses.
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NOTES:
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11.0 TIMER1 MODULE

The Timerl module timer/counter has the following
features:

 16-bit timer/counter
(two 8-hit registers, TMR1H and TMR1L)
» Readable and writable (both registers)
« Internal or external clock select
* Interrupt-on-overflow from FFFFh to 0000h

Figure 11-1 is a simplified block diagram of the Timerl
module.

Register 11-1 details the Timerl control register, which
sets the Operating mode of the Timerl module. Timerl
can be enabled or disabled by setting or clearing
control bit TMR1ON (T1CON<0>).

REGISTER 11-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0 U-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0
RD16 — T1CKPS1 | TICKPSO — T1SYNC | TMR1CS | TMR1ON
bit 7 bit 0
bit 7 RD16: 16-bit Read/Write Mode Enable bit

1 = Enables register read/write of Timerl in one 16-bit operation
0 = Enables register read/write of Timerl in two 8-bit operations

bit 6 Unimplemented: Read as 'O’

bit5-4  T1CKPS1:T1CKPSO0: Timerl Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 Unimplemented: Maintain as '0'

bit 2 T1SYNC: Timerl External Clock Input Synchronization Select bit

When TMR1CS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMR1CS = 0:

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.

bit 1 TMR1CS: Timerl Clock Source Select bit

1 = External clock from pin RCO/T13CKI (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared x = Bit is unknown

© 2002-2013 Microchip Technology Inc.
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13.0 TIMER3 MODULE

The Timer3 module timer/counter has the following
features:

 16-bit timer/counter
(two 8-hit registers: TMR3H and TMR3L)
» Readable and writable (both registers)
« Internal or external clock select
* Interrupt-on-overflow from FFFFh to 0000h

Figure 13-1 is a simplified block diagram of the Timer3
module.

Register 13-1 shows the Timerl control register, which
sets the Operating mode of the Timerl module.

REGISTER 13-1: T3CON: TIMER3 CONTROL REGISTER

R/W-0 R/W-0 R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

RD16 —

T3CKPS1

T3CKPSO — T3SYNC | TMR3CS | TMR3ON

bit 7

bit 0

bit 7 RD16: 16-bit Read/Write Mode Enable bit

1 = Enables register read/write of Timer3 in one 16-bit operation
0 = Enables register read/write of Timer3 in two 8-bit operations

bit 6,3 Unimplemented: Maintain as ‘0’

bit 5,4 T3CKPS1:T3CKPSO0: Timer3 Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 2 T3SYNC: Timer3 External Clock Input Synchronization Control bit
(Not usable if the system clock comes from Timer1/Timer3)

When TMR3CS =1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMR3CS =0:

This bit is ignored. Timer3 uses the internal clock when TMR3CS = 0.
bit 1 TMR3CS: Timer3 Clock Source Select bit

1 = External clock input from T13CKI

(on the rising edge after the first falling edge)

0 = Internal clock (Fosc/4)
bit 0 TMR3ON: Timer3 On bit

1 = Enables Timer3
0 = Stops Timer3

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared X = Bit is unknown

© 2002-2013 Microchip Technology Inc.
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REGISTER 16-5:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPCON2: MSSP CONTROL REGISTER 2 (I°C MODE)

RWO RW-0  RWO RWO RWO RWO0 RWO0 RMWO
GCEN | ACKSTAT | ACKDT | ACKEN | RCEN | PEN | RSEN | SEN
bit 7 bit 0

GCEN: General Call Enable bit (Slave mode only)
1 = Enable interrupt when a general call address (0000h) is received in the SSPSR
0 = General call address disabled
ACKSTAT: Acknowledge Status bit (Master Transmit mode only)
1 = Acknowledge was not received from slave
0 = Acknowledge was received from slave
ACKDT: Acknowledge Data bit (Master Receive mode only)
1 = Not Acknowledge
0 = Acknowledge
Note: Value that will be transmitted when the user initiates an Acknowledge sequence at
the end of a receive.
ACKEN: Acknowledge Sequence Enable bit (Master Receive mode only)
1 = Initiate Acknowledge sequence on SDA and SCL pins, and transmit ACKDT data bit.
Automatically cleared by hardware.
0 = Acknowledge sequence IDLE
RCEN: Receive Enable bit (Master mode only)
1 = Enables Receive mode for 1°C
0 = Receive IDLE
PEN: STOP Condition Enable bit (Master mode only)
1 = Initiate STOP condition on SDA and SCL pins. Automatically cleared by hardware.
0 = STOP condition IDLE
RSEN: Repeated START Condition Enabled bit (Master mode only)
1 = Initiate Repeated START condition on SDA and SCL pins.
Automatically cleared by hardware.
0 = Repeated START condition IDLE
SEN: START Condition Enabled/Stretch Enabled bit
In Master mode:
1 = Initiate START condition on SDA and SCL pins. Automatically cleared by hardware.
0 = START condition IDLE
In Slave mode:
1 = Clock stretching is enabled for both Slave Transmit and Slave Receive (stretch enabled)
0 = Clock stretching is enabled for slave transmit only (Legacy mode)

Note:  For bits ACKEN, RCEN, PEN, RSEN, SEN: If the I2C module is not in the IDLE
mode, this bit may not be set (no spooling) and the SSPBUF may not be written (or
writes to the SSPBUF are disabled).

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

© 2002-2013 Microchip Technology Inc. Preliminary DS30485B-page 137
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1°C MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 16-21:
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TABLE 17-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

BAUD | FOSC=40MHz  gpppg 33 MHz SPBRG 25 MHz SPBRG 20 MHz SPBRG
RATE % val_ue % val_ue % val_ue % val_ue
(Kbps) | kgaup  ERROR (ecimal) | ypaup  ERROR (decimal) | ygaup ERROR (d€Cimal) | kpayup ERROR (decimal)
03 NA } } NA } ; NA } } NA ; }
12 NA ; ; NA ; ; NA ; ; NA ; ;
2.4 NA ; ; 2.40 -0.07 214 2.40 -0.15 162 240  +0.16 129
9.6 9.62 +0.16 64 9.55 -0.54 53 953 -0.76 40 9.47 1.36 32
192 | 1894  -1.36 32 19.10 -0.54 26 1953  +1.73 19 1953 +1.73 15
768 | 7813  +1.73 7 73.66 -4.09 6 7813  +1.73 4 7813 +1.73 3
96 | 89.29  -6.99 6 10313 +7.42 4 9766  +1.73 3 10417  +851 2
300 | 31250  +4.17 1 257.81  -14.06 1 NA ; ; 31250  +4.17 0
500 625  +25.00 0 NA ; ; NA ; ; NA ; ;
HIGH | 625 ; 0 515.63 ; 0 390.63 ; 0 312.50 ; 0
Low | 244 - 255 2.01 ; 255 153 - 255 1.22 ; 255
BAUD Fosc = 16 MHz SPBRG 10 MHz SPBRG 7.15909 MHz SPBRG 5.0688 MHz SPBRG
RATE % va!ue % va!ue % va[ue % va!ue
(Kbps) | kgaup ERROR (@e¢imal) | ypaup  ErrOrR  (@eCimal) | ypaup  ErrOR  (decimal)| ypayp ERROR  (decimal)
03 NA } - NA - - NA - } NA } -
12 1.20 +0.16 207 1.20 +0.16 129 1.20 +0.23 92 1.20 0 65
2.4 2.40 +0.16 103 2.40 +0.16 64 2.38 -0.83 46 2.40 0 32
96 9.62 +0.16 25 9.77 +1.73 15 9.32 -2.90 1 990  +3.13 7
192 | 1923  +0.16 12 1953  +1.73 7 18.64 -2.90 5 19.80  +3.13 3
768 | 8333  +851 2 7813  +1.73 1 111.86  +45.65 0 7920  +3.13 0
9 | 8333  -13.19 2 7813  -18.62 1 NA ; ; NA ; ;
300 250 -16.67 0 156.25  -47.92 0 NA ; ; NA ; ;
500 NA ; ; NA ; ; NA ; ; NA ; ;
HIGH | 250 ; 0 156.25 ; 0 111.86 ; 0 79.20 ; 0
Low | 098 ; 255 0.61 ; 255 0.44 ; 255 031 ; 255
BAUD Fosc =4 MHz SPBRG 3.579545 MHz SPBRG 1 MHz SPBRG 32.768 kHz SPBRG
RATE % value % value % value % value
(Kbps) | kgaup ERROR (ecimal| ypaup  ErRROR (decimal)| wpaup ERrROR (eCiMal)| kpAup ERROR (decimal)
03 0.30 0.16 207 0.30 +0.23 185 0.30 +0.16 51 026  -1467 1
12 1.20 +1.67 51 1.19 -0.83 46 1.20 +0.16 12 NA ; ;
24 2.40 +1.67 25 243 +1.32 22 223 -6.99 6 NA ; ;
96 8.93 -6.99 6 9.32 -2.90 5 7.81 -18.62 1 NA ; ;
192 | 2083  +851 2 18.64 2,90 2 1563  -18.62 0 NA ; ;
768 | 6250  -18.62 0 5593  -27.17 0 NA ; ; NA ; ;
9% NA ; ; NA ; ; NA ; ; NA ; ;
300 NA ; ; NA ; ; NA ; ; NA ; ;
500 NA ; ; NA ; ; NA ; ; NA ; ;
HIGH | 62.50 ; 0 55.93 ; 0 15.63 ; 0 0.51 ; 0
LoW | 024 ; 255 0.22 ; 255 0.06 ; 255 0.002 ; 255
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REGISTER 20-11: DEVID1:DEVICEIDREGISTER1FORPIC18FXX39(BYTE ADDRESS 3FFFFEh)

R R R R R R R R
DEV2 DEV1 DEVO REV4 REV3 | REV2 REVI | REVO |
bit 7 bit 0

bit 7-5 DEV2:DEVO0: Device ID bits

000 = PIC18F2539
001 = PIC18F4539
100 = PIC18F2439
101 = PIC18F4439

bit 4-0 REV4:REVO0: Revision ID bits
These bits are used to indicate the device revision.

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

REGISTER 20-12: DEVID2: DEVICEIDREGISTER2FORPIC18FXX39(BYTEADDRESS 3FFFFFh)

R R R R R R R R
DEV10 DEV9 DEVS DEV7 DEV6 | DEV5 DEV4 | DEV3 |
bit 7 bit 0

bit 7-0 DEV10:DEV3: Device ID bits
These bits are used with the DEV2:DEVO bits in the Device ID Register 1 to identify the
part number.

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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FIGURE 20-3:

CODE PROTECTED PROGRAM MEMORY FOR PIC18FXX39

MEMORY SIZE/DEVICE

Unimplemented
Read ‘0's

16 Kbytes 32 Kbytes Address
(PIC18FX439) (PIC18FX539) Range
000000h
Boot Block Boot Block 0001EEh
000200h
Block O Block O
001FFFh
002000h
Block 1 002FFFh
wm \\s Block 1
\Reserved \ 003000h
L AN 003FFFh
004000h
Unimplemented
Read ‘0’s Block 2
005FFFh

\\\\\\\\\\X 006000h

Reserved

Block Code Protection

Controlled By:

CPB, WRTB, EBTRB

CPO, WRTO, EBTRO

CP1, WRT1, EBTR1

CP2, WRT2, EBTR2

008000h
Unimplemented Unimplemented
Read ‘0's Read ‘0’s (Unimplemented Memory Space)
1FFFFFh
TABLE 20-3: SUMMARY OF CODE PROTECTION REGISTERS
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
300008h | CONFIG5L = = = = —@ cP2 CP1 CPO
300009h CONFIG5H CPD CPB — — — — — —
30000Ah | CONFIG6L — — — — —@ WRT2 WRT1 WRTO
30000Bh CONFIG6H | WRTD WRTB WRTC — — — — —
30000Ch CONFIG7L — — — — —@ EBTR2 EBTR1 EBTRO
30000Dh CONFIG7H — EBTRB — — — — — —

Legend: Shaded cells are unimplemented.
Note 1: Unimplemented, but reserved; maintain this bit set.
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FIGURE 21-1: GENERAL FORMAT FOR INSTRUCTIONS
Byte-oriented file register operations Example Instruction
15 10 9 87 0
OPCODE | d [ a | f (FILE #) ADDWF MYREG, W, B

d = 0 for result destination to be WREG register
d = 1 for result destination to be file register (f)
a = 0 to force Access Bank

a =1 for BSR to select bank

f = 8-hit file register address

Byte to Byte move operations (2-word)

15 12 11 0

| OPCODE | f (Source FILE #) | MOVFF MYREG1, MYREG2
15 12 11 0

| 1111 | f (Destination FILE #) |

f = 12-hit file register address

Bit-oriented file register operations

15 1211 98 7 0
OPCODE| b (BIT#) a| f(FILE#) BSF MYREG, bit, B

b = 3-bit position of bit in file register (f)
a = 0 to force Access Bank

a =1 for BSR to select bank

f = 8-hit file register address

Literal operations

15 8 7 0
OPCODE k (literal) MOVLW Ox7F

k = 8-bit immediate value

Control operations
CALL, GOTO and Branch operations
15 87 0
| OPCODE | n<7:0>(lteral) | GOTO Label
15 12 11 0
| 1111 | n<19:8> (literal) |

n = 20-bit immediate value

15 8 7 0
\ OPCODE | 5| n<7:0> (itera) | CALL MYFUNC
15 12 1 0

‘ | n<19:8> (literal) ‘

S = Fast bit

15 11 10 0

| opcopE | n<10:0> (iteral) | BRA MYFUNC
15 8 7 0

| oPcoDE [ n<7:0> (iteral) | BC MYFUNC
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CLRF Clear f CLRWDT Clear Watchdog Timer
Syntax: [label ] CLRF f[,a] Syntax: [label] CLRWDT
Operands: 0<f<255 Operands: None
ae[01] Operation: 000h — WDT,
Operation: 000h — f 000h —» WDT postscaler,
1-2Z2 1->T0,
Status Affected:  Z 1__> ED
Encoding: ‘ 0110 | 101a ‘ FEEE | FEEE ‘ Status Affected:  TO, PD
Description: Clears the contents of the specified Encoding: ‘ 0000 | 0000 ‘ 0000 | 0100 ‘
register. If ‘a’ is 0, the Access Bank Description: CLRWDT instruction resets the
will be selected, overriding the BSR Watchdog Timer. It also resets the
value. If ‘a’ = 1, then the bank will postscaler of the WDT. Status bits
be selected as per the BSR value TO and PD are set.
(default). Words: 1
Words: 1 Cycles: 1
Cycles: 1 Q Cycle Activity:
Q Cycle Activity: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 Decode No Process No
Decode Read Process Write operation Data operation
register 'f' Data register 'f'
Example: CLRWDT
Example: CLRF FLAG_REG, 1 Before Instruction
Before Instruction WDT Counter = ?
FLAG_REG = Ox5A After Instruction
After Instruction WDT Counter = 0x00
FLAG_REG - 0x00 MDT Postscaler = 0
T0 = 1
PD = 1
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22.8 MPLAB ICD In-Circuit Debugger

Microchip's In-Circuit Debugger, MPLAB ICD, is a pow-
erful, low cost, run-time development tool. This tool is
based on the FLASH PIC MCUs and can be used to
develop for this and other PIC microcontrollers. The
MPLAB ICD utilizes the in-circuit debugging capability
built into the FLASH devices. This feature, along with
Microchip's In-Circuit Serial Programming™ protocol,
offers cost-effective in-circuit FLASH debugging from
the graphical user interface of the MPLAB Integrated
Development Environment. This enables a designer to
develop and debug source code by watching variables,
single-stepping and setting break points. Running at
full speed enables testing hardware in real-time.

22.9 PRO MATE Il Universal Device
Programmer

The PRO MATE Il universal device programmer is a
full-featured programmer, capable of operating in
stand-alone mode, as well as PC-hosted mode. The
PRO MATE Il device programmer is CE compliant.

The PRO MATE Il device programmer has program-
mable VDD and VPP supplies, which allow it to verify
programmed memory at VDD min and VDD max for max-
imum reliability. It has an LCD display for instructions
and error messages, keys to enter commands and a
modular detachable socket assembly to support various
package types. In stand-alone mode, the PRO MATE I
device programmer can read, verify, or program PIC
devices. It can also set code protection in this mode.

22.10 PICSTART Plus Entry Level
Development Programmer

The PICSTART Plus development programmer is an
easy-to-use, low cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient.

The PICSTART Plus development programmer sup-
ports all PIC devices with up to 40 pins. Larger pin
count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus development programmer is CE
compliant.

22.11 PICDEM 1 Low Cost PIC MCU
Demonstration Board

The PICDEM 1 demonstration board is a simple board
which demonstrates the capabilities of several of
Microchip’s microcontrollers. The microcontrollers sup-
ported are: PIC16C5X (PIC16C54 to PIC16C58A),
PIC16C61, PIC16C62X, PIC16C71, PIC16C8X,
PIC17C42, PIC17C43 and PIC17C44. All necessary
hardware and software is included to run basic demo
programs. The user can program the sample microcon-
trollers provided with the PICDEM 1 demonstration
board on a PRO MATE Il device programmer, or a
PICSTART Plus development programmer, and easily
test firmware. The user can also connect the
PICDEM 1 demonstration board to the MPLAB ICE in-
circuit emulator and download the firmware to the emu-
lator for testing. A prototype area is available for the
user to build some additional hardware and connect it
to the microcontroller socket(s). Some of the features
include an RS-232 interface, a potentiometer for simu-
lated analog input, push button switches and eight
LEDs connected to PORTB.

22.12 PICDEM 2 Low Cost PIC16CXX
Demonstration Board

The PICDEM 2 demonstration board is a simple dem-
onstration board that supports the PIC16C62,
PIC16C64, PIC16C65, PIC16C73 and PIC16C74
microcontrollers. All the necessary hardware and soft-
ware is included to run the basic demonstration pro-
grams. The wuser can program the sample
microcontrollers provided with the PICDEM 2 demon-
stration board on a PRO MATE Il device programmer,
or a PICSTART Plus development programmer, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding additional hardware and
connecting it to the microcontroller socket(s). Some of
the features include a RS-232 interface, push button
switches, a potentiometer for simulated analog input, a
serial EEPROM to demonstrate usage of the I2C™ bus
and separate headers for connection to an LCD
module and a keypad.
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NOTES:
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FIGURE 24-15: TYPICAL AND MAXIMUM VoL vs. loL (Vbb = 3V, -40°C TO +125°C)
25
Typical: statistical mean @ 25°C
20 Maximum: mean + 3c (-40°C to 125°C)
Minimum: mean — 3o (-40°C to 125°C)
1.5
/
>
)
>
1.0 Max / /I
Typ (+25°C) /
: /I//
0.0
0 5 10 15 20 25
loL (-mA)
FIGURE 24-16: MINIMUM AND MAXIMUM VIN vs. VDD (ST INPUT, -40°C TO +125°C)
4.0
Typical: tatistical @ 25°C
35 Maximum: mean + 36 (40°C to 125°C) VIH Max /
’ Minimum: mean — 3o (-40°C to 125°C) /
3.0 1 /
25 — — T
/ VIH Min
>
z 2.0
> / VIL Max
1.5 /// l — /
/‘/___/
L—
e
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0.5
0.0 " - -
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INDEX
A
AUD e e 181
A/D Converter Flag (ADIF Bit) ......cccoceeciiriiieiiennn. 183
A/D Converter Interrupt, Configuring .........ccccceeveeen. 184
Acquisition Requirements .........cccoccveviveeiiiieeeinineenn. 184
ADCONO REQGISLEN ....cvviiiiiiiieiiie e 181
ADCONIL REQISLEN .....eveeiiiieetiie et 181
ADRESH REQISLEN .....ovviiiiieeiiiieeeiieee e 181
ADRESH/ADRESL RegiSters ........ccccocevviinienneennnn. 183
ADRESL REJISIEN ....vviiiiiieeitiieeeiie e 181
ANalog POrt PiNS .......ccccoiviieiiiiiiiiee e 95, 96
Analog Port Pins, Configuring .........ccccccecvenivnneennen. 186
Associated REgISIErS .......ccccovivieiiieieniee e 188
Configuring the Module ..........cccoviiiiiiiiiiieeeees 184
Conversion Clock (TAD) .......cccceeeiuieiieniiieniienirieniees 186
Conversion Status (GO/DONE Bit) ......cccccveeeivneenns 183
CONVEISIONS ....ovviiiiiiiii e 187
Converter CharacteristiCs ..........coevverivieiiciiieninenns 285
Equations
Acquisition Time .................
Minimum Charging Time
Examples
Calculating the Minimum Required
Acquisition Time .......cccccvvevieriinniieneee. 185
ReSUIt REQISIEIS ......oveiiiiiieiiiieeee e 187
TAD vs. Device Operating Frequencies .................... 186

Absolute Maximum Ratings
AC (Timing) Characteristics ...

CONIIONS v

Load Conditions for Device

Timing Specifications ..........cccccvvevviiiiiiiiieiees 269

Parameter Symbology ........cccceveiiniieiiiiieenee e, 268

Temperature and Voltage Specifications ................. 269
ACKSTAT Status Flag ......cocceveereiiinieienieceee e 155
ADCONQO Register ........

GO/DONE Bit ....
ADCONL1 Register .....
ADDLW .ot
Addressable Universal Synchronous Asynchronous

Receiver Transmitter. See USART

ADDWE ...ttt 217
ADDWEC ..ottt e 218
ADRESH REGISIEr .....oiiiiiiiiiiiiiitie it 181
ADRESH/ADRESL REQIStErS .......ccvriiererriieere e 183

ADRESL REQISIEr ....eiiiiiiiiiiiie ittt 181
Analog-to-Digital Converter. See A/D
ANDLW oo 218
ANDWE .ottt 219
Assembler

MPASM Assembler .........cccevviiieiiiieee e 253
B
Baud Rate Generator ...........ccceevveeeeriieeniiee e 151
B i 219
BCF e 220
BF Status Flag .......cccccoviieiiiiiiieee e 155

Block Diagrams
AID CONVEITET ...eeiiiiiiiieeiee et
Analog Input Model .......
Baud Rate Generator
Low Voltage Detect

External Reference Source ..........cccccovvveennnen. 190

Internal Reference Source ..........ccccooveenieenene 190
MSSP (I2C MOUE) ..o, 134
MSSP (SPIMOCE) ...ocvveviciriciiiecieeree e 125
ON-Chip Reset CirCUIt .......cocveiieriiieiie e 23
PICLI8F2X39 ..t 9
PIC18F4X39 .. ... 10
PLL ot .21
PORTC (Peripheral Output Override) ..........ccccceeuveeen. 89
PORTD (/O MOE) ....eveveeiriiiiieiieeee e 91
PORTD and PORTE (Parallel Slave Port) ................. 96
PORTE (I/O Port Mode) ........ccocvveeiieensiiiee e

PWM Operation (Simplified)
RA3:RA0 and RA5 Pins ...

RA4/TOCKI Pin .............
RAB PiN ..o
RB2:RBO PiNS ...coviiiiiiiiieeiiieieeeceee e
RB3 PiN oo
RB7:RB4 PINS ....c.oooiiiiiiiiiiiiiici e
Reads from FLASH Program Memory ..............cc.......
Table Read Operation .........c.ccccevvvveiniieeeniiee e
Table Write Operation ..........c.cccceevvveenen.

Table Writes to FLASH Program Memory

Timer0 in 16-bit Mode .............cccoevieinennne .

Timer0 in 8-bit Mode ...,

TIMEIL oo

Timerl (16-bit R/W M0ode€) .......ccccecvviiieiiiiniinieeee.

TIMEI2 oo

Timer3 ..o,

Timer3 (16-bit R/W Mode) ...
Typical Motor Control System . .
USART RECEIVE ....ooviiiiiiiiiieiiciiie s
USART TranSmit ......c.cocueeiiiieiieniieiie e
Watchdog TImMer ......ccooeiiiiiiiiie e

BOR. See Brown-out Reset

BOV e 225
BRA e 223
BRG. See Baud Rate Generator

Brown-out Reset (BOR) .......cocuviiieiiiiiiiiiiecicee e 24

BSF
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PIC18F4X39 Pin Functions

MCLR/VPP .ot 14
OSCL/ICLKI oo 14
OSC2/CLKO/RAG .14

PWM1 ...
PWM2 ...
RAO/AND ...t e 14
RAL/ANL Lo 14
RA2/ANZ2/VREF- .....oiiiiiiiiiiii i 14
RAS/ANS/VREF ...oviiiiiiiiiiiie ettt 14
RAATOCKI ..ot 14
RAS/ANA/SS/ILVDIN ....ccviiiiiiiiiiiciici e 14
RBO/INT ...oovviiiinee

RB1/INT1 ....
RB2/INT2 .
RB3 o
RB4 ..o
RB5/PGM .....ooiiiiiiiiiiiiiiii e
RBB/PGC ..ot
RB7/PGD .......

RCO/T13CKI .........

RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO ..o
RCB/TXICK oottt
RCTIRXIDT oottt
RDO/PSPO ..o
RDI/PSPL .ot
RD2/PSP2 ...
RD3/PSP3 ...
RD4/PSP4 ...

RDS5/PSPS ..ottt

RDB/PSPB ...ttt

RD7IPSPT7 .ottt

REO/ANS/RD .....coovvieiinnieieinneeessneisic s

RE1/AN6/WR .... .18

RE2/ANT7/CS ..... .18

VDD .ooeeiiiieeeen .18

WSS ittt et 18
PIC18FXX39 Voltage-Frequency Graph

(INAUSTFIAL) .o 260
PIC18LFXX39 Voltage-Frequency Graph

(INAUSTFIAL) .o 260
PICDEM 1 Low Cost PIC MCU

Demonstration Board ...........cccoceeeviiieiiiieeniieene. 255
PICDEM 17 Demonstration Board ..........cccccecveeeniieeennnn. 256
PICDEM 2 Low Cost PIC16CXX

Demonstration Board ...........cccoceeeviieeeiiiieeniie e 255
PICDEM 3 Low Cost PIC16CXXX

Demonstration Board ...........ccocceeeeiieeiiiiieeniie e 256
PICSTART Plus Entry Level Development

Programmer ...........cccoociiiiiii e, 255

PIE Registers
Pinout 1/O Descriptions

PICLBF2X39 ..oiiiiiiiiei et e erae et 11
PICLIBFAX39 ..ot 14
PIR REQISIEIS ...eeiiiiiiieiiiie ettt 74-75
PLL LOCK TIME@-0UL ..eveeeieiiiiiiiee et ee e e 24

POR. See Power-on Reset

PORTA
Associated RegiSters ........ccoccvviiriieiicniieciienieesiees 85
LATA REJISIEN ettt 83
PORTA Register ... 83
TRISA REGISLEN ..ottt 83
PORTB
Associated RegiSters ........ccoccvvieiiiiiiciieciienieesies 88
LATB REQISLEr ..cvviiiviiiiiieiiicieccee e 86
PORTB REQISLEr ....eiiiiiiiieiiiie et 86
RBO/INT Pin, EXternal ........cccoceeviiiiieiieciciieee e 81
RB7:RB4 Interrupt-on-Change Flag
(RBIF BIit) c.eeeieeiieeeeeiee e e 86
TRISB REGISLET ...ttt 86
PORTC
Associated REJISIErS ........cccevvieiriiieiiiieeereee e 90
LATC REQISIEN ..couviiiiiiiiieiciieeieeecee e 89
PORTC REQGISLET ..ot 89
RC3/SCKI/SCL PiN .o 139
RC7IRXIDT PiN oot 168
TRISC REGISIEN ..ottt 89, 165
PORTD
Associated RegiSters ........ccoccvvviiiiiiiiciieciiceieeniees 92
LATD REQISIEN ..couviiiiiiiiiieiiiciececee e 91
Parallel Slave Port (PSP) Function ...........cccoeeveneen. 91
PORTD REQGISLET ..ottt 91
TRISD REGISIEN ..ottt 91
PORTE
ANAlog Port PiNS ......cccoveciiiiiiniiiescc e 95, 96
Associated REQISIEIS ........coeeiiiiiiiiiee e 95
LATE Register .............. ... 93
PORTE REQISEr ....covviiiiiiiiiciieicee e 93
PSP Mode Select (PSPMODE Bit) ..........ccccoeene 91, 96
REO/ANS/RD PiN ..coviiiieiciieeincce e 95, 96
REL/ANB/WR PN ..o 95, 96
RE2/ANT/CS PN ..o 95, 96
TRISE REQISIET ...oviiiiiiiiiiiie et 93
Postscaler, WDT
Assignment (PSA Bit) .....ccoooviiiiiiniiiiicniieee 101
Rate Select (TOPS2:TOPSO BitS) ......ccoccvveerviveenninen. 101
Switching Between Timer0 and WDT .........ccoceeeeeeee 101
Power-down Mode. See SLEEP
Power-on Reset (POR) .....cccvvviiiiiiiiiiieieee e 24
Oscillator Start-up Timer (OST) ...c.ccocovvvveriviniieireene, 24
Power-up Timer (PWRT) ....occoceviiiiiiiniiiniececeenn 24
Prescaler, TimerO .
Assignment (PSA Bit) .....ccocoviiiiiiiiinicne 101
Rate Select (TOPS2:TOPSO0 BitS) ......cccvvevvieirienienns 101
Switching Between Timer0 and WDT .........ccceeeenes 101
Prescaler, TIMEr2 ......ccccoviiiiieiieeiicietesee e 124
PRO MATE Il Universal Device Programmer .................. 255
Product Identification System ..........cccccevviieiiiieiiiiees 319
Program Counter
PCL Register ..........
PCLATH Register ...
PCLATU REQISLEN .ot
Program Memory
INtEITUPt VECION ..o
Map and Stack for PIC18FXX39 .....cccccevvvivvveeineennn
RESET Vector .......ccccoeviiiiiniiicee,
Program Verification and Code Protection ....
Associated Registers ........cccccoeeiineenn. .
Configuration RegiSter .........cccceevviiiiiiniiiiiciieeene
Data EEPROM ......ccoocoiiiiiiiiinceeee e
Program MemOIY .......coeeviiiiiiiiiiiiieeeneiereee e
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