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PIC18FXX2

3.1 Power-On Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected. To take advantage of the POR cir-
culitry, just tie the MCLR pin directly (or through a resis-
tor) to VDD. This will eliminate external RC components
usually needed to create a Power-on Reset delay. A
minimum rise rate for VDD is specified
(parameter D004). For a slow rise time, see Figure 3-2.

When the device starts normal operation (i.e., exits the
RESET condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in RESET until the operating
conditions are met.

FIGURE 3-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR

SLOW Vbb POWER-UP)
VDD
D R

R1
MCLR
c PIC18FXXX

Note 1: External Power-on Reset circuit is required
only if the VDD power-up slope is too slow.
The diode D helps discharge the capacitor
quickly when VDD powers down.

2: R <40kQ is recommended to make sure that
the voltage drop across R does not violate
the device’s electrical specification.

3: R1=100Q to 1 kQ will limit any current flow-
ing into MCLR from external capacitor C, in
the event of MCLR/VPP pin breakdown due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS).

3.2 Power-up Timer (PWRT)

The Power-up Timer provides a fixed nominal time-out
(parameter 33) only on power-up from the POR. The
Power-up Timer operates on an internal RC oscillator.
The chip is kept in RESET as long as the PWRT is
active. The PWRT’s time delay allows VDD to rise to an
acceptable level. A configuration bit is provided to
enable/disable the PWRT.

The power-up time delay will vary from chip-to-chip due
to VDD, temperature and process variation. See DC
parameter D033 for details.

3.3 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides a 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over (parameter 32). This ensures that
the crystal oscillator or resonator has started and
stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

3.4 PLL Lock Time-out

With the PLL enabled, the time-out sequence following
a Power-on Reset is different from other Oscillator
modes. A portion of the Power-up Timer is used to pro-
vide a fixed time-out that is sufficient for the PLL to lock
to the main oscillator frequency. This PLL lock time-out
(TPLL) is typically 2 ms and follows the oscillator
start-up time-out (OST).

3.5 Brown-out Reset (BOR)

A configuration bit, BOREN, can disable (if clear/
programmed), or enable (if set) the Brown-out Reset
circuitry. If VDD falls below parameter D005 for greater
than parameter 35, the brown-out situation will reset
the chip. A RESET may not occur if VDD falls below
parameter D005 for less than parameter 35. The chip
will remain in Brown-out Reset until VDD rises above
BVDD. If the Power-up Timer is enabled, it will be
invoked after VDD rises above BVDD; it then will keep
the chip in RESET for an additional time delay
(parameter 33). If VDD drops below BVDD while the
Power-up Timer is running, the chip will go back into a
Brown-out Reset and the Power-up Timer will be initial-
ized. Once VDD rises above BVDD, the Power-up Timer
will execute the additional time delay.

3.6 Time-out Sequence

On power-up, the time-out sequence is as follows:
First, PWRT time-out is invoked after the POR time
delay has expired. Then, OST is activated. The total
time-out will vary based on oscillator configuration and
the status of the PWRT. For example, in RC mode with
the PWRT disabled, there will be no time-out at all.
Figure 3-8, Figure 3-4, Figure 3-5, Figure 3-6 and
Figure 3-7 depict time-out sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire.
Bringing MCLR high will begin execution immediately
(Figure 3-5). This is useful for testing purposes or to
synchronize more than one PIC18FXXX device operat-
ing in parallel.

Table 3-2 shows the RESET conditions for some
Special Function Registers, while Table 3-3 shows the
RESET conditions for all the registers.
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4.3 Fast Register Stack

A “fast interrupt return” option is available for interrupts.
A Fast Register Stack is provided for the STATUS,
WREG and BSR registers and are only one in depth.
The stack is not readable or writable and is loaded with
the current value of the corresponding register when
the processor vectors for an interrupt. The values in the
registers are then loaded back into the working regis-
ters, if the FAST RETURN instruction is used to return
from the interrupt.

A low or high priority interrupt source will push values
into the stack registers. If both low and high priority
interrupts are enabled, the stack registers cannot be
used reliably for low priority interrupts. If a high priority
interrupt occurs while servicing a low priority interrupt,
the stack register values stored by the low priority inter-
rupt will be overwritten.

If high priority interrupts are not disabled during low pri-
ority interrupts, users must save the key registers in
software during a low priority interrupt.

If no interrupts are used, the fast register stack can be
used to restore the STATUS, WREG and BSR registers
at the end of a subroutine call. To use the fast register
stack for a subroutine call, a FAST CALL instruction
must be executed.

Example 4-1 shows a source code example that uses
the fast register stack.

EXAMPLE 4-1: FAST REGISTER STACK

CODE EXAMPLE
;STATUS, WREG, BSR

; SAVED IN FAST REGISTER
i STACK

CALL SUB1l, FAST

SUB1 .

RETURN FAST ;RESTORE VALUES SAVED

;IN FAST REGISTER STACK

FIGURE 4-4:

CLOCK/INSTRUCTION CYCLE

4.4 PCL, PCLATH and PCLATU

The program counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21-bits
wide. The low byte is called the PCL register. This reg-
ister is readable and writable. The high byte is called
the PCH register. This register contains the PC<15:8>
bits and is not directly readable or writable. Updates to
the PCH register may be performed through the
PCLATH register. The upper byte is called PCU. This
register contains the PC<20:16> bits and is not directly
readable or writable. Updates to the PCU register may
be performed through the PCLATU register.

The PC addresses bytes in the program memory. To
prevent the PC from becoming misaligned with word
instructions, the LSB of PCL is fixed to a value of '0’.
The PC increments by 2 to address sequential
instructions in the program memory.

The cALL, RCALL, GOTO and program branch
instructions write to the program counter directly. For
these instructions, the contents of PCLATH and
PCLATU are not transferred to the program counter.

The contents of PCLATH and PCLATU will be trans-
ferred to the program counter by an operation that
writes PCL. Similarly, the upper two bytes of the pro-
gram counter will be transferred to PCLATH and
PCLATU by an operation that reads PCL. This is useful
for computed offsets to the PC (see Section 4.8.1).

4.5 Clocking Scheme/Instruction
Cycle

The clock input (from OSC1) is internally divided by
four to generate four non-overlapping quadrature
clocks, namely Q1, Q2, Q3 and Q4. Internally, the pro-
gram counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The instruc-
tion is decoded and executed during the following Q1
through Q4. The clocks and instruction execution flow
are shown in Figure 4-4.

Q1 | Q2 | Q3 | Q4 I Q1

Ql y—/\

| Q2 | Q3 | Q4 ' Q1 | Q2 | Q3 | Q4 |
osCci L/ /v / v/ VL /v /v /v s/ L/ /7 N
y \

A N

Q2 /

Internal
Phase

T\ /7 | Clock

Q3 / \

Q4 \

[

PC PC

><

PC+2

PC+4

0OSC2/CLKO
(RC mode)

Execute INST (PC-2)

|
|
|
i |

|

| |

Execute INST (PC)

Fetch INST (PC+2)

Execute INST (PC+2)

|
I
| Fetch INST (PC)
|

Feich INST (PC+4)
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FIGURE 4-9: INDIRECT ADDRESSING OPERATION
RAM Oh
Instruction
Executed
Opcode | Address |
A A FFFh
12
/ \_File Address = access of an indirect addressing register
A
BSR<3:0>| /12 12
Instruction 4
Fetched 8
Opcode Fie | | FSR
FIGURE 4-10: INDIRECT ADDRESSING

Indirect Addressing
FSR Register 0

-

Location Select

0000h

Data
Memory(!

OFFFh

Note 1: For register file map detail, see Table 4-1.
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REGISTER 8-5: PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

uU-0 uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — | EEF | BCLF | LVDIF | TMR3IF | CCP2IF
bit 7 bit 0
bit 7-5 Unimplemented: Read as '0'
bit 4 EEIF: Data EEPROM/FLASH Write Operation Interrupt Flag bit

1 = The Write operation is complete (must be cleared in software)
0 = The Write operation is not complete, or has not been started
bit 3 BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision occurred (must be cleared in software)
0 = No bus collision occurred
bit 2 LVDIF: Low Voltage Detect Interrupt Flag bit
1 = A low voltage condition occurred (must be cleared in software)
0 = The device voltage is above the Low Voltage Detect trip point
bit 1 TMR3IF: TMR3 Overflow Interrupt Flag bit
1 = TMRS register overflowed (must be cleared in software)
0 = TMRS register did not overflow
bit 0 CCP2IF: CCPx Interrupt Flag bit
Capture mode:
1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred
Compare mode:
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred
PWM mode:
Unused in this mode

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

© 2006 Microchip Technology Inc. DS39564C-page 79
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TABLE 9-3: PORTB FUNCTIONS
Name Bit# Buffer Function

RBO/INTO bit0 TTLUST(M | Input/output pin or external interrupt inputo.
Internal software programmable weak pull-up.

RB1/INT1 bit1 TTLUST(M | Input/output pin or external interrupt inputi.
Internal software programmable weak pull-up.

RB2/INT2 bit2 TTUI/STM Input/output pin or external interrupt input2.
Internal software programmable weak pull-up.

RB3/CcCP2(®) bit3 TTL/ST® Input/output pin or Capture2 input/Compare2 output/PWM output when
CCP2MX configuration bit is enabled.
Internal software programmable weak pull-up.

RB4 bit4 TTL Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up.

RB5/PGM®) bits | TTL/ST® | Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up.
Low voltage ICSP enable pin.

RB6/PGC bité TTUST® | Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up.
Serial programming clock.

RB7/PGD bit7 TTU/ST® | Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up.
Serial programming data.

Legend: TTL = TTL input, ST = Schmitt Trigger input

Note

This buffer is a Schmitt Trigger input when configured as the external interrupt.

This buffer is a Schmitt Trigger input when used in Serial Programming mode.

This buffer is a Schmitt Trigger input when configured as the CCP2 input.

Low Voltage ICSP Programming (LVP) is enabled by default, which disables the RB5 I/O function. LVP
must be disabled to enable RB5 as an I/O pin and allow maximum compatibility to the other 28-pin and
40-pin mid-range devices.

1:
2:
3: A device configuration bit selects which 1/O pin the CCP2 pin is multiplexed on.
4:
5:

TABLE 9-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on Value on
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR All Other
’ RESETS
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX uuuu uuuu
LATB LATB Data Output Register XXXX XXXX | uuuu uuuu
TRISB PORTB Data Direction Register 1111 1111 1111 1111
INTCON GIE/ PEIE/ TMROIE INTOIE RBIE | TMROIF | INTOIF RBIF 0000 000x | 0000 000u
GIEH GIEL
INTCON2 RBPU | INTEDGO | INTEDG1 | INTEDG2 — TMROIP — RBIP 1111 -1-1 1111 -1-1
INTCON3 | INT2IP | INT1IP — INT2IE | INT1IE — INT2IF | INT1IF | 11-0 0-00 11-0 0-00
Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
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9.3 PORTC, TRISC and LATC
Registers

PORTC is an 8-bit wide, bi-directional port. The corre-
sponding Data Direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISC bit (= 0) will
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

The Data Latch register (LATC) is also memory
mapped. Read-modify-write operations on the LATC
register reads and writes the latched output value for
PORTC.

PORTC is multiplexed with several peripheral functions
(Table 9-5). PORTC pins have Schmitt Trigger input
buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. The user should refer to the corre-
sponding peripheral section for the correct TRIS bit
settings.

Note: On a Power-on Reset, these pins are
configured as digital inputs.

FIGURE 9-7:

The pin override value is not loaded into the TRIS reg-
ister. This allows read-modify-write of the TRIS register,
without concern due to peripheral overrides.

RC1 is normally configured by configuration bit,
CCP2MX, as the default peripheral pin of the CCP2
module (default/erased state, CCP2MX ="1’).

EXAMPLE 9-3:
CLRF  PORTC

INITIALIZING PORTC

Initialize PORTC by
clearing output
data latches
Alternate method
to clear output
data latches

Value used to

CLRF LATC

MOVLW OxCF
initialize data
direction

Set RC<3:0> as inputs
RC<5:4> as outputs
RC<7:6> as inputs

MOVWF TRISC

PORTC BLOCK DIAGRAM (PERIPHERAL OUTPUT OVERRIDE)

Port/Peripheral Select®

_ VDD
Peripheral Data Out [
RD LATC
Data B Data Latch
ata Bus
D Q
WR LATC or _ E
WR PORTC CK %Q 1/0 pin("
TRIS Latch ]’X|
D Q
WR TRISC cK

RD TRISC

Peripheral Output

K/78chmitt

Vss Trigger

Peripheral Data In

Enable®)
RD PORTC DC

Note 1: /O pins have diode protection to VDD and Vss.

2: Port/Peripheral Select signal selects between port data (input) and peripheral output.
3: Peripheral Output Enable is only active if peripheral select is active.

© 2006 Microchip Technology Inc.
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14.1 CCP1 Module

Capture/Compare/PWM Register 1 (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. All are readable and writable.

TABLE 14-1: CCP MODE - TIMER

RESOURCE
CCP Mode Timer Resource
Capture Timer1 or Timer3
Compare Timer1 or Timer3
PWM Timer2

14.2 CCP2 Module

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. All are readable and writable.

TABLE 14-2: INTERACTION OF TWO CCP MODULES

CCPx Mode | CCPy Mode

Interaction

Capture Capture | TMR1 or TMRS3 time-base. Time-base can be different for each CCP.

Capture Compare | The compare could be configured for the special event trigger,
which clears either TMR1 or TMR3 depending upon which time-base is used.

Compare Compare | The compare(s) could be configured for the special event trigger,
which clears TMR1 or TMR3 depending upon which time-base is used.

PWM PWM The PWMs will have the same frequency and update rate
(TMR2 interrupt).

PWM Capture | None

PWM Compare |None

DS39564C-page 118
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14.5.3

SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:
1. Setthe PWM period by writing to the PR2 register.

2. Set the PWM duty cycle by writing to the
CCPRI1L register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the
TRISC<2> bit.

4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

TABLE 14-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz
PWM Frequency 2.44 kHz 9.77 kHz 39.06 kHz | 156.25 kHz | 312.50 kHz | 416.67 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF 0x3F Ox1F 0x17
Maximum Resolution (bits) 14 12 10 8 7 6.58
TABLE 14-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR All Other
’ RESETS
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x|0000 000u
PIR1 PSPIFM ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |0000 0000|0000 0000
PIE1 PSPIEM ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE 0000 0000|0000 0000
IPR1 pspIip(M ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP 0000 0000|0000 0000
TRISC PORTC Data Direction Register 1111 11111111 1111
TMR2 Timer2 Module Register 0000 0000(0000 0000
PR2 Timer2 Module Period Register 1111 1111|1111 1111
T2CON — |[TouTPs3|TouTPs2|TOUTPS1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO | -000 0000[-000 0000
CCPR1L |Capture/Compare/PWM Register1 (LSB) XXXX XXXX|[uuuu uuuu
CCPR1H |Capture/Compare/PWM Register1 (MSB) XXXX XXXX|[uuuu uuuu
ccPicoN| — | — | pciBt | DC1Bo | CCP1M3 | CCP1M2 | CCP1M1 | CCPIMO |--00 0000[--00 0000
CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX XXXX|[uuuu uuuu
CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX|[uuuu uuuu
cocr2coN| — | — | pceBt | DC2Bo | ccpam3 | copam2 | ccPaMi | cCP2Mo |--00 0000--00 0000
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by PWM and Timer2.
Note 1: The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18F2X2 devices; always maintain these bits clear.

© 2006 Microchip Technology Inc.

DS39564C-page 123




PIC18FXX2

16.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/O modules. (USART is also known as a Serial Com-
munications Interface or SCI.) The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices, such as CRT ter-
minals and personal computers, or it can be configured
as a half-duplex synchronous system that can commu-
nicate with peripheral devices, such as A/D or D/A
integrated circuits, serial EEPROMs, etc.

The USART can be configured in the following modes:

* Asynchronous (full-duplex)

* Synchronous - Master (half-duplex)

¢ Synchronous - Slave (half-duplex)

In order to configure pins RC6/TX/CK and RC7/RX/DT
as the Universal Synchronous Asynchronous Receiver
Transmitter:

¢ bit SPEN (RCSTA<7>) must be set (= 1),

¢ bit TRISC<6> must be cleared (= 0), and

¢ bit TRISC<7> must be set (=1).

Register 16-1 shows the Transmit Status and Control

Register (TXSTA) and Register 16-2 shows the
Receive Status and Control Register (RCSTA).

© 2006 Microchip Technology Inc.
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18.2 Operation

Depending on the power source for the device voltage,
the voltage normally decreases relatively slowly. This
means that the LVD module does not need to be con-
stantly operating. To decrease the current require-
ments, the LVD circuitry only needs to be enabled for
short periods, where the voltage is checked. After
doing the check, the LVD module may be disabled.

Each time that the LVD module is enabled, the circuitry
requires some time to stabilize. After the circuitry has
stabilized, all status flags may be cleared. The module
will then indicate the proper state of the system.

FIGURE 18-4:

The following steps are needed to set up the LVD
module:

1. Write the value to the LVDL3:LVDLO bits
(LVDCON register), which selects the desired
LVD Trip Point.

2. Ensure that LVD interrupts are disabled (the
LVDIE bit is cleared or the GIE bit is cleared).

3. Enable the LVD module (set the LVDEN bit in
the LVDCON register).

4. Wait for the LVD module to stabilize (the IRVST
bit to become set).

5. Clear the LVD interrupt flag, which may have
falsely become set until the LVD module has
stabilized (clear the LVDIF bit).

6. Enable the LVD interrupt (set the LVDIE and the
GIE bits).

Figure 18-4 shows typical waveforms that the LVD
module may be used to detect.

LOW VOLTAGE DETECT WAVEFORMS

CASE 1:

LVDIF may not be set

R V.

LVDIF

Enable LVD

]
|
Internally Generated '« TIVRST —]

Reference Stable

LVDIF cleared in software

LVDIF

Enable LVD |
I
I

Internally Generated <— TIVRST ]

Reference Stable

LVDIF cleared in software

LVDIF cleared in software,
LVDIF remains set since LVD condition still exists
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20.1 Instruction Set
ADDLW ADD literal to W ADDWF ADD W to f
Syntax: [ label] ADDLW Syntax: [ label] ADDWF  f[,d[,a]
Operands: 0<k<255 Operands: 0<f<255
Operation: W)+k—->W de [8’1]
ae [0,
Status Affected: N, OV, C,DC, Z ) 0.1
. Operation: (W) + (f) — dest
Encoding: ‘ 0000 | 1111 ‘ kkkk | kkkk ‘
o Status Affected: N, OV, C, DC, Z
Description: The contents of W are added to the ]
8-bit literal 'k' and the result is Encoding: ‘ 0010 | olda ‘ EEff | EEEf ‘
placed in W. Description: Add W to register 'f'. If 'd' is 0, the
Words: 1 result is stored in W. If 'd" is 1, the
) result is stored back in register 'f'
Cycles: 1 (default). If ‘@’ is 0, the Access
Q Cycle Activity: Bank will be selected. If ‘a’is 1, the
Q1 Q2 Q3 Q4 BSR is used.
Decode Read Process Write to W Words: 1
literal 'k' Data
Cycles: 1
Example: ADDLW  0x15 Q Cycle Activity:
. Q1 Q2 Q3 Q4
Before Instruction X
Decode Read Process Write to
W = 0x10 register 'f' Data destination
After Instruction
W = 0x25 Example: ADDWF REG, 0, O
Before Instruction
w = 0x17
REG = 0xC2
After Instruction
w = 0xD9
REG = 0xC2
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BNOV Branch if Not Overflow
Syntax: [label] BNOV n
Operands: -128<n<127
Operation: if overflow bit is '0’
(PC)+2+2n— PC
Status Affected:  None
Encoding: ‘ 1110 | 0101 ‘ nnnn | nnnn ‘
Description: If the Overflow bit is '0’, then the
program will branch.
The 2’s complement number ’2n’ is
added to the PC. Since the PC will
have incremented to fetch the next
instruction, the new address will be
PC+2+2n. This instruction is then
a two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
n' Data
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
n' Data operation
Example: HERE BNOV Jump
Before Instruction
PC = address (HERE)
After Instruction
If Overflow = 0
PC = address (Jump)
If Overflow = 1;
PC = address (HERE+2)

PC

BNz Branch if Not Zero
Syntax: [label] BNZ n
Operands: -128<n<127
Operation: if zero bitis 0’
(PC)+2+2n— PC
Status Affected:  None
Encoding: ‘ 1110 | 0001 ‘ nnnn | nnnn ‘
Description: If the Zero bit is °0’, then the pro-
gram will branch.
The 2’s complement number ’2n’ is
added to the PC. Since the PC will
have incremented to fetch the next
instruction, the new address will be
PC+2+2n. This instruction is then
a two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
n' Data
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Qs Q4
Decode Read literal Process No
n' Data operation
Example: HERE BNZ Jump
Before Instruction
PC = address (HERE)
After Instruction
If Zero = 0
PC = address (Jump)
If Zero = ;

1;
address (HERE+2)

DS39564C-page 222

© 2006 Microchip Technology Inc.




PIC18FXX2

DAW Decimal Adjust W Register DECF Decrement f
Syntax: [ label] DAW Syntax: [ label] DECF f[,d[,a]
Operands: None Operands: 0<f<255
Operation: If [W<3:0> >9] or [DC = 1] then de [0,1]
(W<3:05) + 6 — W<3:05; ac[01]
else Operation: (f)—1 — dest
(W<3:0) - W<3:0>; Status Affected: G, DC, N, OV, Z
If [W<7:4> >9] or [C = 1] then Encoding: ‘ 0000 | 01lda ‘ fEfff | fEfff ‘
(W<7:4>) + 6 — W<7:4>; Description: Decrement register 'f'. If 'd' is 0, the
else result is stored in W. If 'd'is 1, the
(W<7:4>) —» W<7:4>; result is stored back in register 'f'
Status Affected: C (default). If 'a’ is 0, the Access
. Bank will be selected, overriding
Description: DAW adjusts the eight-bit value in bank will be selected as per the
W, resulting from the earlier addi- BSR value (default).
tion of two variables (each in Words: 1
packed BCD format) and produces
a correct packed BCD result. Cycles: 1
Words: 1 Q Cycle Activity:
Cycles: 1 Q1 Q2 Q3 Q4
o Decode Read Process Write to
Q Cycle Activity: register ' Data destination
Q1 Q2 Q3 Q4
Decode Read Process Write Example: DECF CNT, 1, O
register W Data W .
Before Instruction
Examplei: DAW CNT =  0x01
Before Instruction z = 0
w =  O0xA5 After Instruction
c - 0 CNT = 0x00
DC = 0 V4 = 1
After Instruction
w = 0x05
C = 1
DC = 0
Example 2:
Before Instruction
w = OxCE
C = 0
DC = 0
After Instruction
w = 0x34
C = 1
DC = 0
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MOVFF Move f to f
Syntax: [ label] MOVFF fg,fq
Operands: 0 <fs <4095
0 <fy <4095
Operation: (fs) = fq
Status Affected:  None
Encoding:
1st word (source) 1100 | f£fff | ffff | ffffg
2nd word (destin.) | 1111 | ££ff | £fff | £fffy

Description:

Words:
Cycles:

Q Cycle Activity:

Q1

The contents of source register 'fq
are moved to destination register
fq'. Location of source 'fy' can be
anywhere in the 4096 byte data
space (000h to FFFh), and location
of destination 'fy' can also be any-
where from 000h to FFFh.

Either source or destination can be
W (a useful special situation).
MOVFF is particularly useful for
transferring a data memory location
to a peripheral register (such as the
transmit buffer or an 1/0O port).

The MOVFF instruction cannot use
the PCL, TOSU, TOSH or TOSL as
the destination register.

The MOVFF instruction
should not be used to mod-
ify interrupt settings while
any interrupt is enabled.
See Section 8.0 for more
information.

Note:

2(3)

Q2

Q3

Q4

Decode

Read
register 'f'
(src)

Process
Data

No
operation

Decode

No
operation

No dummy

No
operation

Write
register 'f'
(dest)

read

Example:

MOVFF REG1, REG2

Before Instruction

REG1

REG2

0x33
Ox11

After Instruction

REG1

REG2

0x33,
0x33

MOVLB Move literal to low nibble in BSR
Syntax: [ label] MOVLB k
Operands: 0<k<255
Operation: k — BSR
Status Affected:  None
Encoding: ‘ 0000 | 0001 ‘ kkkk ‘ kkkk ‘
Description: The 8-bit literal 'k’ is loaded into
the Bank Select Register (BSR).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read literal Process Write
k' Data literal 'k' to
BSR
Example: MOVLB 5
Before Instruction
BSR register =  0x02
After Instruction
BSR register =  0x05
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MOVLW Move literal to W MOVWF Move W to f
Syntax: [ label] MOVLW k Syntax: [ label] MOVWF f[,a]
Operands: 0<k<255 Operands: 0<f<255
Operation: k—> W ae[01]
Status Affected:  None Operation: W) > f
Encoding: ‘ 0000 | 1110 ‘ Kkkk | Kkkk ‘ Status Affected: ~ None
Description: The eight-bit literal 'k’ is loaded Encoding: ‘ 0110 | 111a ‘ fres | fLet ‘
into W. Description: Move data from W to register 'f'.
Words: 1 Location 'f' can be ar_mywhere in the
256 byte bank. If ‘a’ is 0, the
Cycles: 1 Access Bank will be selected, over-
Q Cycle Activity: riding the BSR value. If ‘a’ = 1, then
Qi Q2 Q3 Q4 the bank will be selected as per the
Decode Read Process Write to W BSR value (default).
literal 'k’ Data Words: 1
Cycles: 1
Example: MOVLW 0x5A Q Cycle Activity:
After Instruction Q1 Q2 Q3 Q4
W = Ox5A Decode Read Process Write
register 'f' Data register 'f'
Example: MOVWF  REG, 0
Before Instruction
w = Ox4F
REG = OxFF
After Instruction
w = Ox4F
REG = Ox4F
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RETFIE Return from Interrupt
Syntax: [label] RETFIE [s]
Operands: s e [0,1]
Operation: (TOS) — PC,
1 — GIE/GIEH or PEIE/GIEL,
ifs=1
(WS) - W,
(STATUSS) — STATUS,
(BSRS) — BSR,
PCLATU, PCLATH are unchanged.
Status Affected: ~ GIE/GIEH, PEIE/GIEL.
Encoding: ‘ 0000 | 0000 ‘ 0001 | 000s ‘
Description: Return from Interrupt. Stack is
popped and Top-of-Stack (TOS) is
loaded into the PC. Interrupts are
enabled by setting either the high
or low priority global interrupt
enable bit. If ‘s’ = 1, the contents of
the shadow registers WS,
STATUSS and BSRS are loaded
into their corresponding registers,
W, STATUS and BSR. If ‘s’ =0, no
update of these registers occurs
(default).
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No pop PC from
operation operation stack
Set GIEH or
GIEL
No No No No
operation operation operation operation
Example: RETFIE 1
After Interrupt
PC = TOS
w = WS
BSR = BSRS
STATUS = STATUSS
GIE/GIEH, PEIE/GIEL = 1

RETLW Return Literal to W
Syntax: [label] RETLW k
Operands: 0<k<255
Operation: k—W,
(TOS) — PC,
PCLATU, PCLATH are unchanged
Status Affected:  None
Encoding: ‘ 0000 | 1100 ‘ kkkk | kkkk ‘
Description: W is loaded with the eight-bit literal
'k'. The program counter is loaded
from the top of the stack (the return
address). The high address latch
(PCLATH) remains unchanged.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process  [pop PC from
literal 'k’ Data stack, Write
toW
No No No No
operation operation operation operation
Example:
CALL TABLE ; W contains table
; offset value
; W now has
; table value
TABI..E
ADDWF PCL ; W = offset
RETLW kO ; Begin table
RETLW k1
.RETLW kn ; End of table

Before Instruction

W

= 0x07

After Instruction

W

= value of kn
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21.8 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 PICmicro MCUs and can be used
to develop for this and other PICmicro microcontrollers.
The MPLAB ICD utilizes the in-circuit debugging capa-
bility built into the FLASH devices. This feature, along
with Microchip's In-Circuit Serial Programming™ proto-
col, 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 watch-
ing variables, single-stepping and setting break points.
Running at full speed enables testing hardware in real-
time.

21.9 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 II
device programmer can read, verify, or program
PICmicro devices. It can also set code protection in this
mode.

21.10 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 PICmicro 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.

21.11 PICDEM 1 Low Cost PICmicro
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.

21.12 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 |l 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 I°C™ bus
and separate headers for connection to an LCD
module and a keypad.

© 2006 Microchip Technology Inc.

DS39564C-page 255



PIC18FXX2

FIGURE 22-20: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RCOTXICK 7 N

P —e e 121 e e 121 o
RC7/RX/DT NG <
pin : >< X
— 120 | -— — -
‘ 122 .

Note: Refer to Figure 22-4 for load conditions.

TABLE 22-19: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Pal\Ica’m. Symbol Characteristic Min Max Units | Conditions
120 TckH2dtV [SYNC XMIT (MASTER & SLAVE)
Clock high to data out valid PIC18FXXX — 50 ns
PIC18LFXXX — 150 ns |VDD =2V
121 Tekr Clock out rise time and fall time PIC18FXXX — 25 ns
(Master mode) PIC18LFXXX| — 60 ns [Vbp=2V
122 Tdtr Data out rise time and fall time PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VDD =2V

FIGURE 22-21: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RC6/TX/CK m
pin © 125 ;
- .
RC7/RX/DT : ,
pin >< }<

126>

Note: Refer to Figure 22-4 for load conditions.

TABLE 22-20: USART SYNCHRONOUS RECEIVE REQUIREMENTS

PT\;‘Zm' Symbol Characteristic Min Max | Units | Conditions
125 TdtV2ckl | SYNC RCV (MASTER & SLAVE)
Data hold before CK | (DT hold time) 10 — ns
126 TekL2dtl | Data hold after CK | (DT hold time) PIC18FXXX 15 — ns
PIC18LFXXX 20 — ns |VDD=2V
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FIGURE 23-13: AVERAGE Fosc vs. Vbb FOR VARIOUS VALUES OF R
(RC MODE, C = 100 pF, +25°C)
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FIGURE 23-14: AVERAGE Fosc vs. Vbb FOR VARIOUS VALUES OF R
(RC MODE, C = 300 pF, +25°C)
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PORTE
Analog Port Pins ..o
Associated Registers ..
LATE ReQIStEr ....oocviiiiiiiiiiie e
PORTE Register .......cccooviiiiiiiiiiiieeieeeeee e
PSP Mode Select (PSPMODE Bit) .
REO/RD/ANS5 Pin ......ccooviiiiiiinne, ...99,100
RET/WR/ANG Pin .....cooviiiiiiiiiiiii, 99, 100
RE2/CS/AN7 Pin ..... ...99,100
TRISE Register .......ccooviiiiiiiieiieiieeeee e 97

Postscaler, WDT
Assignment (PSA Bit) .....cooovvviiiiiiiieiiecceneeeeee 105
Rate Select (TOPS2:TOPSO0 BitS) .......cccceevviinieiiiennes 105
Switching Between Timer0 and WDT ...........ceeuee. 105

Power-down Mode. See SLEEP

Power-on Reset (POR) ........cccoc.....
Oscillator Start-up Timer (OST)
Power-up Timer (PWRT) ..oooccieeicie e

Prescaler, Capture .........cccooiiiiiiiiiniee e

Prescaler, Timer0
Assignment (PSA Bit) .....cooovvviiiiiiiiiiieceeneeeieee
Rate Select (TOPS2:TOPSO0 Bits) ......ccccocevvvrverienen.
Switching Between Timer0 and WDT ...

Prescaler, TIMer2 ...

PRO MATE Il Universal Device Programmer

Product Identification System .........cccccoviiiiiiiiiiiiiee.
Program Counter
PCL Register ......oociiviiiiiiiiie e
PCLATH Register ....
PCLATU REegiSter ...cccuveiiiiiiieiiecieeneeeeeee e
Program Memory
Interrupt VECIOr .......cccooiiiiiiiiiiecceee e 35
Map and Stack for PIC18F442/242 .............cccceueenne. 36
Map and Stack for PIC18F452/252 .............ccoeeeuenee. 36
RESET Vector .......ccocoviiiiiiiniiniene ....35
Program Verification and Code Protection ............c......... 207
Associated Registers .........ccccoiiiiiiiiiiiiiiees 207
Programming, Device Instructions .............cccocceeiinenennn. 211

PSP.See Parallel Slave Port.
Pulse Width Modulation. See PWM (CCP Module).

PUSH ..o 240
PWM (CCP MOodUIE) ..o 122
Associated Registers .........ccccoiiiiiiiiiciiiiiees 123

CCPR1H:CCPR1L Registers .......ccccoovicveiinnceienen. 122

DUty CYCIE ..o 122
Example Frequencies/Resolutions .............ccccceeennee 123
PEriod ..o 122
Setup for PWM Operation ........ccccccevveeceeniiceneeniienenns 123
TMR2 to PR2 Match ......ccooovieiiiiieieeee 111,122
Q
Q CIOCK ettt 122
R
RAM. See Data Memory
RC OSCillator .......cooviiiiiiiieeie et 18
RCALL .ot e 241
RCSTA Register
SPEN Bit e 165

Register File

Registers
ADCONO (A/D Control 0) ......cooeeeerrereenienienieeneneens 181
ADCONT (A/D Control 1) ...cccevevererienecirenresresrenene 182
CCP1CON and CCP2CON
(Capture/Compare/PWM Control) ................... 117
CONFIG1H (Configuration 1 High)

CONFIG2H (Configuration 2 High)
CONFIG2L (Configuration 2 Low)
CONFIG3H (Configuration 3 High)
CONFIG4L (Configuration 4 Low)
CONFIG5H (Configuration 5 High)
CONFIGS5L (Configuration 5 Low)
CONFIG6H (Configuration 6 High)
CONFIG6L (Configuration 6 Low)
CONFIG7H (Configuration 7 High)
CONFIG7L (Configuration 7 Low) ...
DEVID1 (Device ID Register 1) .......
DEVID2 (Device ID Register 2) .......cccoeoevveinennnenne
EECONT1 (Data EEPROM Control 1) .......c.cccceueee. 57,66
File Summary
INTCON (Interrupt Control) .......cccoeeeeceeeeriireeniieeeeens
INTCON2 (Interrupt Control 2)
INTCONS (Interrupt Control 3)
IPR1 (Peripheral Interrupt Priority 1) .....ccccevviinnenee. 82
IPR2 (Peripheral Interrupt Priority 2) ........ccccceenineee. 83
LVDCON (LVD Control)
OSCCON (Oscillator Control) .......ccccceecveereverersieennns
PIE1 (Peripheral Interrupt Enable 1)
PIE2 (Peripheral Interrupt Enable 2)
PIR1 (Peripheral Interrupt Request 1) ..........ccceee..ee. 78
PIR2 (Peripheral Interrupt Request 2) ....................... 79
RCON (Register Control) .
RCON (RESET Control)
RCSTA (Receive Status and Control) ..................... 167
SSPCON1 (MSSP Control 1)

12C Mode

SPI Mode
SSPCON2 (MSSP Control 2)

[PC MOGE ...oooeoriereeee e 137
SSPSTAT (MSSP Status)

[PC MOGE .-eeoeeeeereeeeeis e 135

SPI Mode ..
STATUS ..o .. 52
STKPTR (Stack Pointer) ....

TOCON (Timer0 Control) ... .103

T1CON (Timer 1 Control) .. ... 107

T2CON (Timer 2 Control) ......ccccceecieiieniinieeeeeeee, 111

T3CON (Timer3 Control) ......ccccceeeeceeerceieeeriieee e 113

TRISE

TXSTA (Transmit Status and Control) ..................... 166

WDTCON (Watchdog Timer Control) ...........cccc..... 203
RESET .

Brown-out Reset (BOR) .......ccoeeiiiiiiiiiiiieeee

MCLR Reset (During SLEEP) ......ccoviiiiiiiiiiiicies

MCLR Reset (Normal Operation) ....
Oscillator Start-up Timer (OST) ......cccovveieriinrcieeen.
Power-on Reset (POR) .....cccoveevvieiiciee e
Power-up Timer (PWRT)
Programmable Brown-out Reset (BOR) .................... 25
RESET INStruCtion ........cccoeoveeiieiiieeeeneeeeee e 25
Stack Full Reset
Stack Underflow Reset ........ocoeeiiiiiiiiiiiieiee 25
Watchdog Timer (WDT) Reset ......cccooevvvveiieiieeen. 25
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