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TABLE 3-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Typical Capacitor Values
Crystal Tested:
Osc Type Freg
C1 Cc2
LP 32 kHz 30 pF 30 pF
XT 1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF
10 MHz 15 pF 15 pF
20 MHz 15 pF 15 pF
25 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following this table for additional
information.

Note 1: Higher capacitance increases the stability
of the oscillator but also increases the
start-up time.

2: When operating below 3V VDD, or when
using certain ceramic resonators at any
voltage, it may be necessary to use the
HS mode or switch to a crystal oscillator.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Rs may be required to avoid overdriving
crystals with low drive level specification.

5: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

An external clock source may also be connected to the
OSC1 pin in the HS mode, as shown in Figure 3-2.
FIGURE 3-2: EXTERNAL CLOCK
INPUT OPERATION
(HS OSCILLATOR
CONFIGURATION)

Clock from ~>O—> 0SC1
Ext. System PIC18FXXXX

(HS Mode)

Open «—— OSC2

3.3 External Clock Input

The EC and ECIO Oscillator modes require an external
clock source to be connected to the OSC1 pin. There is
no oscillator start-up time required after a Power-on
Reset or after an exit from Sleep mode.

In the EC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 3-3 shows the pin connections for the EC
Oscillator mode.

FIGURE 3-3: EXTERNAL CLOCK

INPUT OPERATION
(EC CONFIGURATION)

Clock from ~>@—> OSC1/CLKI
Ext. System PIC18FXXXX

Fosc/4 -«—— OSC2/CLKO

The ECIO Oscillator mode functions like the EC mode,
except that the OSC2 pin becomes an additional
general purpose /O pin. The I/O pin becomes bit 6 of
PORTA (RAG). Figure 3-4 shows the pin connections
for the ECIO Oscillator mode.

FIGURE 3-4: EXTERNAL CLOCK
INPUT OPERATION
(ECIO CONFIGURATION)

Clock from ~>o—> OSC1/CLKI
Ext. System PIC18FXXXX

RA6 -e-—»{ /0O (OSC2)
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413 CLOCK TRANSITIONS AND STATUS
INDICATORS

The length of the transition between clock sources is
the sum of two cycles of the old clock source and three
to four cycles of the new clock source. This formula
assumes that the new clock source is stable.

Three bits indicate the current clock source and its
status. They are:

- OSTS (OSCCON<3>)
- IOFS (OSCCON<2>)
+ TIRUN (T1CON<6>)

In general, only one of these bits will be set while in a
given power-managed mode. When the OSTS bit is
set, the primary clock is providing the device clock.
When the IOFS bit is set, the INTOSC output is
providing a stable 8 MHz clock source to a divider that
actually drives the device clock. When the T1RUN bit is
set, the Timer1 oscillator is providing the clock. If none
of these bits are set, then either the INTRC clock
source is clocking the device, or the INTOSC source is
not yet stable.

If the internal oscillator block is configured as the primary
clock source by the FOSC3:FOSCO Configuration bits,
then both the OSTS and IOFS bits may be set when in
PRI_RUN or PRI_IDLE modes. This indicates that the
primary clock (INTOSC output) is generating a stable
8 MHz output. Entering another power-managed RC
mode at the same frequency would clear the OSTS bit.

Note 1: Caution should be used when modifying a
single IRCF bit. If VDD is less than 3V, it is
possible to select a higher clock speed
than is supported by the low VDD.
Improper device operation may result if
the VDD/FOSC specifications are violated.

2. Executing a SLEEP instruction does not
necessarily place the device into Sleep
mode. It acts as the trigger to place the
controller into either the Sleep mode or
one of the Idle modes, depending on the
setting of the IDLEN bit.

414 MULTIPLE SLEEP COMMANDS

The power-managed mode that is invoked with the
SLEEP instruction is determined by the setting of the
IDLEN bit at the time the instruction is executed. If
another SLEEP instruction is executed, the device will
enter the power-managed mode specified by IDLEN at
that time. If IDLEN has changed, the device will enter
the new power-managed mode specified by the new
setting.

4.2 Run Modes

In the Run modes, clocks to both the core and
peripherals are active. The difference between these
modes is the clock source.

421 PRI_RUN MODE

The PRI_RUN mode is the normal, full power execution
mode of the microcontroller. This is also the default
mode upon a device Reset unless Two-Speed Start-up
is enabled (see Section 20.3 “Two-Speed Start-up”
for details). In this mode, the OSTS bit is set. The IOFS
bit may be set if the internal oscillator block is the
primary clock source (see Section 3.7.1 “Oscillator
Control Register”).

422 SEC_RUN MODE

The SEC_RUN mode is the compatible mode to the
“clock switching” feature offered in other PIC18
devices. In this mode, the CPU and peripherals are
clocked from the Timer1 oscillator. This gives users the
option of lower power consumption while still using a
high accuracy clock source.

SEC_RUN mode is entered by setting the SCS1:SCS0
bits to ‘01’. The device clock source is switched to the
Timer1 oscillator (see Figure 4-1), the primary oscillator
is shut down, the T1RUN bit (T1CON<6>) is set and the
OSTS bit is cleared.

Note:  The Timer1 oscillator should already be
running prior to entering SEC_RUN mode.
If the TIOSCEN bit is not set when the
SCS1:SCSO0 bits are set to ‘01’, entry to
SEC_RUN mode will not occur. If the
Timer1 oscillator is enabled, but not yet
running, device clocks will be delayed until
the oscillator has started. In such situa-
tions, initial oscillator operation is far from
stable and unpredictable operation may
result.

On transitions from SEC_RUN to PRI_RUN mode, the
peripherals and CPU continue to be clocked from the
Timer1 oscillator while the primary clock is started.
When the primary clock becomes ready, a clock switch
back to the primary clock occurs (see Figure 4-2).
When the clock switch is complete, the TIRUN bit is
cleared, the OSTS bit is set and the primary clock is
providing the clock. The IDLEN and SCS bits are not
affected by the wake-up; the Timer1 oscillator
continues to run.
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454 EXIT WITHOUT AN OSCILLATOR

START-UP DELAY

Certain exits from power-managed modes do not
invoke the OST at all. There are two cases:

* PRI_IDLE mode, where the primary clock source is

not stopped; and

« the primary clock source is not any of the LP, XT,

HS or HSPLL modes.

In these instances, the primary clock source either
does not require an oscillator start-up delay since it is
already running (PRI_IDLE), or normally does not
require an oscillator start-up delay (RC, EC and INTIO
Oscillator modes). However, a fixed delay of interval
Tcsp following the wake event is still required when
leaving Sleep and Idle modes to allow the CPU to
prepare for execution. Instruction execution resumes
on the first clock cycle following this delay.

TABLE 4-2:  EXIT DELAY ON WAKE-UP BY RESET FROM SLEEP MODE OR ANY IDLE MODE
(BY CLOCK SOURCES)
Clock Source Clock Source Exit Dela Clock Ready Status
before Wake-up after Wake-up Y Bit (OSCCON)
LP, XT, HS
Primary Device Clock HSPLL Tosp® OSTS
(PRI_IDLE mode) EC, RC
INTOSC® IOFS
LP, XT, HS Tost®
HSPLL TosT + t,,®) OSTS
T10SC T
EC, RC Tcsp@W
INTOSC®) TioBsT® IOFS
LP, XT, HS Tost®
3 HSPLL TosT + t,®) OSTS
INTOSC® T
EC, RC Tesp@W
INTOSC®) None IOFS
LP, XT, HS TosTt®)
None HSPLL TosT + t,,® OSTS
(Sleep mode) EC, RC Tesp@
INTOSC®) TiossT® IOFS

Note 1: TcsbD (parameter 38) is a required delay when waking from Sleep and all Idle modes and runs concurrently
with any other required delays (see Section 4.4 “Idle Modes”). On Reset, INTOSC defaults to 1 MHz.

2: Includes both the INTOSC 8 MHz source and postscaler derived frequencies.
3: TosT is the Oscillator Start-up Timer (parameter 32). t,. is the PLL Lock-out Timer (parameter F12); it is

also designated as TPLL.

4: Execution continues during TIOBST (parameter 39), the INTOSC stabilization period.
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FIGURE 5-6: SLOW RISE TIME (MCLR TIED TO VDD, VDD RISE > TPWRT)

5V

VDD M
MCR _

INTERNAL POR g

PWRT TIME-OUT l -

OST TIME-OUT

INTERNAL RESET

FIGURE 5-7: TIME-OUT SEQUENCE ON POR W/PLL ENABLED (MCLR TIED TO VDD)

VDD —/

MCLR

INTERNAL POR —l X

TPWRT

PWRT TIME-OUT '« TOST-»"

OST TIME-OUT | TPLL —»

PLL TIME-OUT

INTERNAL RESET |

Note:  TosT = 1024 clock cycles.
TPLL ~ 2 ms max. First three stages of the PWRT timer.
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FIGURE 6-6: USE OF THE BANK SELECT REGISTER (DIRECT ADDRESSING)
BSR® From Opcode®
! S 0 Data Memory U i 0
[o|o[of[ofof[ofo]o] ooon 00h BEEEREBEBEE
Bank 0
> C_ 100m PPN < D
Bank Select® 00h
Bank 1
through NN
A Bank13  n
FFh
EOOh 00h
Bank 14 FEh
FOOh 00h
Bank 15
FFFh FFh
Note 1: The Access RAM bit of the instruction can be used to force an override of the selected bank (BSR<3:0>) to
the registers of the Access Bank.
2:  The MOVFF instruction embeds the entire 12-bit address in the instruction.

6.3.2 ACCESS BANK

While the use of the BSR with an embedded 8-bit
address allows users to address the entire range of
data memory, it also means that the user must always
ensure that the correct bank is selected. Otherwise,
data may be read from or written to the wrong location.
This can be disastrous if a GPR is the intended target
of an operation, but an SFR is written to instead.
Verifying and/or changing the BSR for each read or
write to data memory can become very inefficient.

To streamline access for the most commonly used data
memory locations, the data memory is configured with
an Access Bank, which allows users to access a
mapped block of memory without specifying a BSR.
The Access Bank consists of the first 128 bytes of
memory (00h-7Fh) in Bank 0 and the last 128 bytes of
memory (80h-FFh) in Block 15. The lower half is known
as the “Access RAM” and is composed of GPRs. The
upper half is where the device’s SFRs are mapped.
These two areas are mapped contiguously in the
Access Bank and can be addressed in a linear fashion
by an 8-bit address (Figure 6-5).

The Access Bank is used by core PIC18 instructions
that include the Access RAM bit (the ‘a’ parameter in
the instruction). When ‘a’ is equal to ‘1’, the instruction
uses the BSR and the 8-bit address included in the
opcode for the data memory address. When ‘a’ is ‘0’,

however, the instruction is forced to use the Access
Bank address map; the current value of the BSR is
ignored entirely.

Using this “forced” addressing allows the instruction to
operate on a data address in a single cycle without
updating the BSR first. For 8-bit addresses of 80h and
above, this means that users can evaluate and operate
on SFRs more efficiently. The Access RAM below 80h
is a good place for data values that the user might need
to access rapidly, such as immediate computational
results or common program variables. Access RAM
also allows for faster and more code efficient context
saving and switching of variables.

The mapping of the Access Bank is slightly different
when the extended instruction set is enabled (XINST
Configuration bit = 1). This is discussed in more detail
in Section 6.5.3 “Mapping the Access Bank in
Indexed Literal Offset Addressing Mode”.

6.3.3 GENERAL PURPOSE
REGISTER FILE

PIC18 devices may have banked memory in the GPR
area. This is data RAM which is available for use by all
instructions. GPRs start at the bottom of Bank 0
(address 000h) and grow upwards towards the bottom of
the SFR area. GPRs are not initialized by a Power-on
Reset and are unchanged on all other Resets.

© 2009 Microchip Technology Inc.
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6.3.5 STATUS REGISTER

The STATUS register, shown in Register 6-2, contains
the arithmetic status of the ALU. As with any other SFR,
it can be the operand for any instruction.

If the STATUS register is the destination for an instruc-
tion that affects the Z, DC, C, OV or N bits, the results
of the instruction are not written; instead, the STATUS
register is updated according to the instruction
performed. Therefore, the result of an instruction with

It is recommended that only BCF, BSF, SWAPF, MOVFF
and MOWAF instructions are used to alter the STATUS
register because these instructions do not affect the Z,
C, DC, OV or N bits in the STATUS register.

For other instructions that do not affect Status bits, see
the instruction set summaries in Table 22-2 and
Table 22-3.

Note: The C and DC bits operate as the borrow
and digit borrow bits, respectively, in

the STATUS register as its destination may be different subtraction.
than intended. As an example, CLRF STATUS will set
the Z bit and leave the remaining Status bits
unchanged (‘000u uluu’).
REGISTER 6-2: STATUS REGISTER
u-0 u-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N oV z bcW c®
bit 7 bit 0
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
bit 7-5 Unimplemented: Read as ‘0’
bit 4 N: Negative bit

This bit is used for signed arithmetic (2's complement). It indicates whether the result was

negative (ALU MSB =1).
1 = Result was negative
0 = Result was positive

bit 3 OV: Overflow bit

This bit is used for signed arithmetic (2's complement). It indicates an overflow of the 7-bit
magnitude which causes the sign bit (bit 7 of the result) to change state.

1 = Overflow occurred for signed arithmetic (in this arithmetic operation)

0 = No overflow occurred
bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit Carry/borrow bit(})

For ADDWF, ADDLW SUBLWand SUBWF instructions:

1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result

bit 0 C: Carry/borrow bit®

For ADDWF, ADDLW SUBLWand SUBWF instructions:

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For borrow, the polarity is reversed. A subtraction is executed by adding the 2’s complement of the second

operand. For rotate (RRF, RLF) instructions, this bit is loaded with either bit 4 or bit 3 of the source register.

2:  For borrow, the polarity is reversed. A subtraction is executed by adding the 2’s complement of the second
operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low-order bit of the

source register.
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8.3 Reading the Data EEPROM

Memory

To read a data memory location, the user must write the
address to the EEADR register, clear the EEPGD
control bit (EECON1<7>) and then set control bit RD
(EECON1<0>). The data is available for the very next
instruction cycle; therefore, the EEDATA register can
be read by the next instruction. EEDATA will hold this
value until another read operation, or until it is written to
by the user (during a write operation).

8.4 Writing to the Data EEPROM

Memory

To write an EEPROM data location, the address must
first be written to the EEADR register and the data
written to the EEDATA register. The sequence in
Example 8-2 must be followed to initiate the write cycle.

The write will not begin if this sequence is not exactly
followed (write 55h to EECON2, write 0AAh to
EECON2, then set WR bit) for each byte. It is strongly
recommended that interrupts be disabled during this
code segment.

Additionally, the WREN bit in EECON1 must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpected code
execution (i.e., runaway programs). The WREN bit
should be kept clear at all times, except when updating
the EEPROM. The WREN bit is not cleared
by hardware.

After a write sequence has been initiated, EECON1,
EEADR and EEDATA cannot be modified. The WR bit
will be inhibited from being set unless the WREN bit is
set. The WREN bit must be set on a previous instruc-
tion. Both WR and WREN cannot be set with the same
instruction.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EEPROM Interrupt Flag bit
(EEIF) is set. The user may either enable this interrupt
or poll this bit. EEIF must be cleared by software.

8.5 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the
memory should be verified against the original value.
This should be used in applications where excessive
writes can stress bits near the specification limit.

8.6

There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built-in. On power-up, the WREN bit is cleared.
Also, the Power-up Timer (72 ms duration) prevents
EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during brown-out,
power glitch, or software malfunction.

Protection Against Spurious Write

EXAMPLE 8-1: DATA EEPROM READ

MOVLW DATA_EE_ADDR ;

MOV  EEADR ; Data Menory Address to read

BCF EECON1, EEPGD ; Point to DATA nenory

BSF EECON1, RD ; EEPROM Read

MOVF EEDATA, W ;. W= EEDATA

EXAMPLE 8-2: DATA EEPROM WRITE
MOVLW  DATA_EE_ADDR ;
MOVW  EEADR ; Data Menory Address to wite
MOVLW  DATA_EE_DATA ;
MOVWF  EEDATA ; Data Menory Value to wite
BCF EECON1, EEPGD ; Point to DATA nenory
BSF EECON1, WREN ; Enable wites
BCF I NTCON, G E ; Disable Interrupts
MOVLW  55h ;
Requi r ed MOVWF  EECON2 ; Wite 55h
Sequence MOVLW  0AAh ;

MOVWF  EECON2 ; Wite OAAh
BSF EECON1, WR ; Set WR bit to begin wite
BSF I NTCON, G E ; Enable Interrupts
BTFSC EECON1, WR ; Wait for wite to conplete
BRA $-2
SLEEP Wait for interrupt to signal wite conplete
BCF EECON1, WREN ; Disable wites

© 2009 Microchip Technology Inc.
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10.2 PORTB, TRISB and LATB
Registers

PORTB is an 8-bit wide, bidirectional port. The
corresponding Data Direction register is TRISB. Setting
a TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Output Latch register (LATB) is also memory
mapped. Read-modify-write operations on the LATB
register read and write the latched output value for
PORTB.

EXAMPLE 10-2:
CLRF  PORTB

INITIALIZING PORTB

; Initialize PORTB by
; clearing output

; data latches

; Alternate nethod

CLRF LATB
; to clear output
data | atches
MOVLW  OFh Set RB<4: 0> as

MOVWF  ADCON1 ; digital 1/0O pins
; (required if config bit

PBADEN i s set)
Val ue used to
initialize data

; direction

; Set RB<3:0> as inputs

; RB<5:4> as outputs

; RB<7:6> as inputs

MOVLW  OCFh

MOVWF  TRI SB

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit, RBPU (INTCON2<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

Note: On a Power-on Reset, PORTB is
configured as digital inputs except for RB2
and RB3.

RB2 and RB3 are configured as analog
inputs when the T1OSCMX bit of Configu-
ration Register 3H is cleared. Otherwise,
RB2 and RB3 are also configured as
digital inputs.

Pins RBO, RB1 and RB4:RB7 are multiplexed with the
Power Control PWM outputs.

Pins RB2 and RB3 are multiplexed with external interrupt
inputs, interrupt-on-change input, the analog comparator
inputs and the Timer1 oscillator input and output to
become RB2/INT2/KBI2/CMP2/T10SO/T1CKI and
RB3/INT3/KNBI3/CMP1/T108lI, respectively.

When the interrupt-on-change feature is enabled, only
pins configured as inputs can cause this interrupt to
occur (i.e., any RB2, RB3, RAO0 and RA1 pin configured
as an output is excluded from the interrupt-on-change
comparison). The input pins (RB2, RB3, RAO and RA1)
are compared with the old value latched on the last
read of PORTA and PORTB. The “mismatch” outputs of
these pins are ORed together to generate the RB Port
Change Interrupt with Flag bit, RBIF (INTCON<0>).

This interrupt can wake the device from Sleep mode, or
any of the Idle modes. The user, in the Interrupt Service
Routine, can clear the interrupt in the following manner:

a) Any read or write of PORTB (except with the
MOVFF ( ANY), PORTB instruction).

b) 1Tcy
c) Clear flag bit, RBIF.

A mismatch condition will continue to set flag bit, RBIF.
Reading PORTB and waiting 1 Tcy will end the mis-
match condition and allow flag bit, RBIF, to be cleared.
Additionally, if the port pin returns to its original state,
the mismatch condition will be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTA and PORTB are used for the interrupt-
on-change feature. Polling of PORTA and PORTB is
not recommended while using the interrupt-on-change
feature.
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REGISTER 11-11: IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

R/W-1 U-0 U-0 R/W-1 u-0 R/W-1 uU-0 u-0
OSCFIP — — EEIP — LVDIP — —
bit 7 bit 0
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
bit 7 OSCFIP: Oscillator Fail Interrupt Priority bit

1 = High priority
0 = Low priority

bit 6-5 Unimplemented: Read as ‘0’

bit 4 EEIP: Data EEPROM/Flash Write Operation Interrupt Priority bit
1 = High priority
0 = Low priority

bit 3 Unimplemented: Read as ‘0’

bit 2 LVDIP: Low-Voltage Detect Interrupt Priority bit
1 = High priority
0 = Low priority

bit 1-0 Unimplemented: Read as ‘0’

REGISTER 11-12: IPR3: PERIPHERAL INTERRUPT PRIORITY REGISTER 3

U-0 u-0 U-0 R/W-1 uU-0 U-0 uU-0 u-0
— — — PTIP — — — —
bit 7 bit 0
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
bit 7-5 Unimplemented: Read as ‘0’
bit 4 PTIP: PWM Time Base Interrupt Priority bit

1 = High priority
0 = Low priority
bit 3-0 Unimplemented: Read as ‘0’
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11.6 INTx Pin Interrupts

External interrupts on the RAO/INTO, RA1/INT1, RB2/
INT2 and RB3/INT3 pins are edge-triggered. If the
corresponding INTEDGx bit in the INTCON2 register is
set (= 1), the interrupt is triggered by a rising edge; if
the bit is clear, the trigger is on the falling edge. When
a valid edge appears on the pin, the corresponding flag
bit, INTxIF, is set. This interrupt can be disabled by
clearing the corresponding enable bit, INTXIE. Flag bit,
INTxIF, must be cleared in software in the Interrupt
Service Routine before re-enabling the interrupt.

All external interrupts (INTO, INT1, INT2 and INT3) can
wake-up the processor from Idle or Sleep modes if bit
INTXIE was set prior to going into those modes. If the
Global Interrupt Enable bit, GIE, is set, the processor
will branch to the interrupt vector following wake-up.

Interrupt priority for INT1, INT2 and INT3 is determined
by the value contained in the interrupt priority bits,
INT1IP (INTCON3<6>), INT2IP (INTCON3<7>) and
INT3IP (INTCON2<1>). There is no priority bit
associated with INTO. It is always a high-priority
interrupt source.

EXAMPLE 11-1:

11.7 TMRO Interrupt

In 8-bit mode (which is the default), an overflow in the
TMRO register (FFh — 00h) will set flag bit, TMROIF. In
16-bit mode, an overflow in the TMROH:TMROL
register pair (FFFFh — 0000h) will set TMROIF. The
interrupt can be enabled/disabled by setting/clearing
enable bit, TMROIE (INTCON<5>). Interrupt priority for
Timer0O is determined by the value contained in the
interrupt priority bit, TMROIP (INTCON2<2>). See
Section 12.0 “TimerO Module” for further details on
the Timer0 module.

11.8 Interrupt-on-Change

An input change on PORTA<1:0> and/or PORTB<2:3>
sets flag bit, RBIF (INTCON<0>). The interrupt can be
enabled/disabled by setting/clearing enable bit, RBIE
(INTCON<3>). Interrupt priority for interrupt-on-change
is determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

11.9 Context Saving During Interrupts

During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR
registers are saved on the fast return stack. If a fast
return from interrupt is not used (see Section 6.3
“Data Memory Organization”), the user may need to
save the WREG, STATUS and BSR registers on entry
to the Interrupt Service Routine. Depending on the
user’s application, other registers may also need to be
saved. Example 11-1 saves and restores the WREG,
STATUS and BSR registers during an Interrupt Service
Routine.

SAVING STATUS, WREG AND BSR REGISTERS IN RAM

MOVW W TEMP
MOVFF  STATUS, STATUS_TEMP
MOVFF  BSR, BSR _TEMP

USER | SR CODE
MOVFF  BSR_TEMP, BSR

MOVF WTEMP, W
MOVFF  STATUS_TEMP, STATUS

; WTEMP is in virtual bank
STATUS_TEMP | ocat ed anywhere
BSR_TMEP | ocat ed anywhere

Rest ore BSR
Rest ore WREG
Rest ore STATUS

© 2009 Microchip Technology Inc.
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14.3.1 FREE-RUNNING MODE

In the Free-Running mode, the PWM time base
(PTMRL and PTMRH) will begin counting upwards until
the value in the PWM Time Base Period register,
PTPER (PTPERL and PTPERH), is matched. The
PTMR registers will be reset on the following input
clock edge and the time base will continue counting
upwards as long as the PTEN bit remains set.

14.3.2 SINGLE-SHOT MODE

In the Single-Shot mode, the PWM time base will begin
counting upwards when the PTEN bit is set. When the
value in the PTMR register matches the PTPER
register, the PTMR register will be reset on the
following input clock edge and the PTEN bit will be
cleared by the hardware to halt the time base.

14.3.3 CONTINUOUS UP/DOWN COUNT
MODES

In Continuous Up/Down Count modes, the PWM time
base counts upwards until the value in the PTPER
register matches the PTMR register. On the following
input clock edge, the timer counts downwards. The
PTDIR bit in the PTCON1 register is read-only and
indicates the counting direction. The PTDIR bit is set
when the timer counts downwards.

Note: Since the PWM compare outputs are
driven to the active state when the PWM
time-base is counting downwards and
matches the duty cycle value, the PWM
outputs are held inactive during the first
half of the first period of the Continuous
Up/Down Count mode until the PTMR
begins to count down from the PTPER
value.

14.3.4 PWM TIME BASE PRESCALER

The input clock to PTMR (Fosc/4) has prescaler
options of 1:1, 1:4, 1:16 or 1:64. These are selected by
control bits, PTCKPS<1:0>, in the PTCONO register.
The prescaler counter is cleared when any of the
following occurs:

» Write to the PTMR register

* Write to the PTCON (PTCONO or PTCON1) register

* Any device Reset

Note:  The PTMR register is not cleared when
PTCONX is written.

Table 14-1 shows the minimum PWM frequencies that
can be generated with the PWM time base and the
prescaler. An operating frequency of 40 MHz
(Fcyc = 10 MHz) and PTPER = OxFFF are assumed in
the table. The PWM module must be capable of
generating PWM signals at the line frequency (50 Hz or
60 Hz) for certain power control applications.

TABLE 14-1: MINIMUM PWM FREQUENCY

Minimum PWM Frequencies vs. Prescaler Value
for Fcyc = 10 MIPS (PTPER = OFFFh)
PWM PWM
Prescale Frequency Frequency
Edge-Aligned | Center-Aligned
1:1 2441 Hz 1221 Hz
1:4 610 Hz 305 Hz
1:16 153 Hz 76 Hz
1:64 38 Hz 19 Hz

14.3.5 PWM TIME BASE POSTSCALER

The match output of PTMR can optionally be
postscaled through a 4-bit postscaler (which gives a
1:1 to 1:16 scaling inclusive) to generate an interrupt.
The postscaler counter is cleared when any of the
following occurs:

» Write to the PTMR register
» Write to the PTCONX register
* Any device Reset

The PTMR register is not cleared when PTCONX is
written.

14.4 PWM Time Base Interrupts

The PWM timer can generate interrupts based on the
modes of operation selected by the PTMOD<1:0> bits
and the postscaler bits (PTOPS<3:0>).

14.4.1 INTERRUPTS IN FREE-RUNNING
MODE

When the PWM time base is in the Free-Running mode
(PTMOD<1:0> = 00), an interrupt event is generated
each time a match with the PTPER register occurs. The
PTMR register is reset to zero in the following clock
edge.

Using a postscaler selection other than 1:1 will reduce
the frequency of interrupt events.

© 2009 Microchip Technology Inc.
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FIGURE 15-12:

SYNCHRONOUS TRANSMISSION (THROUGH TXEN)
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TABLE 15-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page:
INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 47
PIR1 — ADIF RCIF TXIF CMP2IF | CMP1IF | CMPOIF | TMR1IF 49
PIE1 — ADIE RCIE TXIE CMP2IE | CMP1IE | CMPOIE | TMR1IE 49
IPR1 — ADIP RCIP TXIP CMP2IP | CMP1IP | CMPOIP | TMR1IP 49
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 48
TXREG EUSART Transmit Register 48
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 48
BAUDCON | ABDOVF | RCIDL RXDTP | TXCKP | BRG16 — WUE ABDEN 48
SPBRGH EUSART Baud Rate Generator Register High Byte 48
SPBRG EUSART Baud Rate Generator Register Low Byte 48
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
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16.5 Operation in Power-Managed
Modes

The selection of the automatic acquisition time and A/D
conversion clock is determined in part by the clock
source and frequency while in a power-managed mode.

If the A/D is expected to operate while the device is in
a power-managed mode, the ACQT2:ACQTO and
ADCS2:ADCSO bits in ADCONZ2 should be updated in
accordance with the clock source to be used in that
mode. After entering the mode, an A/D acquisition or
conversion may be started. Once started, the device
should continue to be clocked by the same clock
source until the conversion has been completed.

If desired, the device may be placed into the
corresponding Idle mode during the conversion. If the
device clock frequency is less than 1 MHz, the A/D RC
clock source should be selected.

Operation in Sleep mode requires the A/D FRc clock to
be selected. If bits ACQT2:ACQTO are set to ‘000’ and
a conversion is started, the conversion will be delayed
one instruction cycle to allow execution of the SLEEP
instruction and entry to Sleep mode. The IDLEN bit
(OSCCON<7>) must have already been cleared prior
to starting the conversion.

16.6 Configuring Analog Port Pins

The ADCON1 and TRISA registers configure the A/D
port pins. The port pins needed as analog inputs must
have their corresponding TRIS bits set (input). If the
TRIS bit is cleared (output), the digital output level (VOH
or VoL) will be converted.

The A/D operation is independent of the state of the
CHS1:CHSO bits and the TRIS bits.

Note 1: When reading the PORT register, all pins
configured as analog input channels will
read as cleared (a low level). Pins
configured as digital inputs will convert as
analog inputs. Analog levels on a digitally
configured input will be accurately
converted.

2: Analog levels on any pin defined as a

digital input may cause the digital input
buffer to consume current out of the

device’s specification limits.
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21.11 PICSTART Plus Development
Programmer

The PICSTART Plus Development Programmer is an
easy-to-use, low-cost, prototype programmer. It
connects 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 supports
most PIC devices in DIP packages 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.

21.12 PICkit 2 Development Programmer

The PICkit™ 2 Development Programmer is a low-cost
programmer and selected Flash device debugger with
an easy-to-use interface for programming many of
Microchip’s baseline, mid-range and PIC18F families of
Flash memory microcontrollers. The PICkit 2 Starter Kit
includes a prototyping development board, twelve
sequential lessons, software and HI-TECH’s PICC™
Lite C compiler, and is designed to help get up to speed
quickly using PIC® microcontrollers. The kit provides
everything needed to program, evaluate and develop
applications using Microchip’s powerful, mid-range
Flash memory family of microcontrollers.

21.13 Demonstration, Development and
Evaluation Boards

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELOQ® security ICs, CAN,
IrDA®, PowerSmart® battery management, SEEVAL®
evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.

Check the Microchip web page (www.microchip.com)
and the latest “Product Selector Guide” (DS00148) for
the complete list of demonstration, development and
evaluation kits.
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DECFSZ Decrement f, Skip if O

Syntax: DECFSzZ f{d{a}}

Operands: 0<f<255
d e [0,1]
ae[0,1]

Operation: (f)— 1 — dest,
skip if result = 0

Status Affected: None

Encoding: ‘ 0010 | 11da ‘ fEff | fFEff ‘

Description: The contents of register ‘' are
decremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register f".
If the result is ‘0’, the next instruction,
which is already fetched, is discarded
and a NOP is executed instead, making
it a two-cycle instruction.
If ‘a’is ‘0’, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 22.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

Words: 1

Cycles: 1(2)

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE DECFSz CNT, 1, 1
GOTO LOoP
CONTI NUE

Before Instruction

PC =

After Instruction

CNT

If CNT
PC

If CNT
PC

nmH nnn

Address ( HERE)

CNT -1

0;

Address ( CONTI NUE)
0;

Address (HERE + 2)

DCFSNZ Decrement f, Skip if Not O
Syntax: DCFSNz f{,d{,a}}
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (f)— 1 — dest,
skip if result = 0
Status Affected: None
Encoding: | 0100 | 11da | ffef | ffef |
Description: The contents of register ‘f’ are
decremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register .
If the result is not ‘0’, the next
instruction, which is already fetched, is
discarded and a NOP is executed
instead, making it a two-cycle
instruction.
If ‘a’is ‘0’, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 22.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE DCFSNZ TEMP, 1, O
ZERO
NZERO
Before Instruction
TEMP = ?
After Instruction
TEMP = TEMP -1
If TEMP = 0
PC = Address (ZERO
If TEMP = 0
PC =  Address ( NZERO)
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22.2

In addition to the standard 75 instructions of the PIC18
instruction set, PIC18F1230/1330 devices also provide
an optional extension to the core CPU functionality.
The added features include eight additional instruc-
tions that augment indirect and indexed addressing
operations and the implementation of Indexed Literal
Offset Addressing mode for many of the standard
PIC18 instructions.

Extended Instruction Set

The additional features of the extended instruction set
are disabled by default. To enable them, users must set
the XINST Configuration bit.

The instructions in the extended set (with the exception
of CALLW MOVSF and MOVSS) can all be classified as
literal operations, which either manipulate the File
Select Registers, or use them for indexed addressing.
Two of the instructions, ADDFSR and SUBFSR, each
have an additional special instantiation for using FSR2.
These versions (ADDULNK and SUBULNK) allow for
automatic return after execution.

The extended instructions are specifically implemented
to optimize re-entrant program code (that is, code that
is recursive or that uses a software stack) written in
high-level languages, particularly C. Among other
things, they allow users working in high-level
languages to perform certain operations on data
structures more efficiently. These include:

» Dynamic allocation and deallocation of software
stack space when entering and leaving
subroutines

* Function Pointer invocation
» Software Stack Pointer manipulation

* Manipulation of variables located in a software
stack

A summary of the instructions in the extended instruction
set is provided in Table 22-3. Detailed descriptions are
provided in Section 22.2.2 “Extended Instruction
Set”. The opcode field descriptions in Table 22-1
(page 216) apply to both the standard and extended
PIC18 instruction sets.

The instruction set extension and the
Indexed Literal Offset Addressing mode
were designed for optimizing applications
written in C; the user may likely never use
these instructions directly in the assem-
bler. The syntax for these commands is
provided as a reference for users who may
be reviewing code that has been

Note:

generated by a compiler.

22.21 EXTENDED INSTRUCTION SYNTAX

Most of the extended instructions use indexed
arguments, using one of the File Select Registers and
some offset to specify a source or destination register.
When an argument for an instruction serves as part of
indexed addressing, it is enclosed in square brackets
(“[T)- This is done to indicate that the argument is used
as an index or offset. The MPASM™ Assembler will
flag an error if it determines that an index or offset value
is not bracketed.

When the extended instruction set is enabled, brackets
are also used to indicate index arguments in byte-
oriented and bit-oriented instructions. This is in addition
to other changes in their syntax. For more details, see
Section 22.2.3.1 “Extended Instruction Syntax with
Standard PIC18 Commands”.

Note: In the past, square brackets have been
used to denote optional arguments in the
PIC18 and earlier instruction sets. In this

text and going forward, optional

arguments are denoted by braces (‘{ }").

TABLE 22-3: EXTENSIONS TO THE PIC18 INSTRUCTION SET
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles
Operands MSb LSb Affected
ADDFSR  f, k Add Literal to FSR 1 1110 1000 ffkk kkkk None
ADDULNK  k Add Literal to FSR2 and Return 2 1110 1000 11kk kkkk None
CALLW Call Subroutine using WREG 2 0000 0000 0001 0100 None
MOVSF zs, fy |Move zg (source) to  1st word 2 1110 1011 0zzz zzzz None
fy4 (destination) 2nd word 1111 ffff ffff ffff
MOVSS Zs, zq4 |Move zg (source) to 1st word 2 1110 1011 1zzz zzzz None
z4 (destination) 2nd word 1111 XXXX Xzzz 2zzzZ2
PUSHL k Store Literal at FSR2, 1 1110 1010 Kkkkk kkkk None
Decrement FSR2
SUBFSR f, k Subtract Literal from FSR 1 1110 1001 ffkk kkkk None
SUBULNK  k Subtract Literal from FSR2 and 2 1110 1001 11kk Kkkkk None
Return
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22.2.5 SPECIAL CONSIDERATIONS WITH
MICROCHIP MPLAB® IDE TOOLS

The latest versions of Microchip’s software tools have
been designed to fully support the extended instruction
set of the PIC18F1230/1330 family of devices. This
includes the MPLAB C18 C Compiler, MPASM Assem-
bly language and MPLAB Integrated Development
Environment (IDE).

When selecting a target device for software
development, MPLAB IDE will automatically set default
Configuration bits for that device. The default setting for
the XINST Configuration bit is ‘0’, disabling the
extended instruction set and Indexed Literal Offset
Addressing mode. For proper execution of applications
developed to take advantage of the extended
instruction set, XINST must be set during
programming.

To develop software for the extended instruction set,
the user must enable support for the instructions and
the Indexed Addressing mode in their language tool(s).
Depending on the environment being used, this may be
done in several ways:

» A menu option, or dialog box within the
environment, that allows the user to configure the
language tool and its settings for the project

* A command line option
+ A directive in the source code

These options vary between different compilers,
assemblers and development environments. Users are
encouraged to review the documentation accompany-
ing their development systems for the appropriate
information.

DS39758D-page 264
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23.2 DC Characteristics: Power-Down and Supply Current
PIC18F1230/1330 (Industrial)
PIC18LF1230/1330 (Industrial) (Continued)
PIC18LF1230/1330 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial

PIC18F1230/1330
(Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

Param
No.

Device Typ | Max | Units Conditions

Module Differential Currents (AlwDT, AIBOR, AlLVD, AlOSCB, AIAD)

D026 A/D Converter| 1.0 1.6 pA | -40°C to +85°C | VDD = 2.0V
(AlaD) 10 | 1.6 | wA |-40°Cto+85°C| Vobp=3.0V _
A/D on, not converting
1.0 1.6 pA | -40°C to +85°C
VDD = 5.0V
2.0 7.6 pA |-40°C to +125°C
Note 1: The power-down currentin Sleep mode does not depend on the oscillator type. Power-down current is measured
with the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that
add delta current disabled (such as WDT, Timer1 oscillator, BOR, etc.).

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin
loading and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have
an impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD or VSSs;
MCLR = VDD; WDT enabled/disabled as specified.
3: Low-power Timer1 oscillator selected.
4: BOR and LVD enable internal band gap reference. With both modules enabled, current consumption will be less

than the sum of both specifications.
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RETFIE ...
RETLW ...

SLEEP .
Standard Instructions ...........cccccceiiiiiiiiiiii 215
SUBFWB ...

SUBLW ....
SUBWF ...
SUBWFB ..

TSTFSZ ...
XORLW ...

INTCON REQGISters .....cccceveiiiiiiiiiiiciiieeeee e
Internal Oscillator Block ...
AJUSTMENT ..o
INTIO MOdES .....ccveiiiiiiii e
INTOSC Frequency Drift ........ccooceeiiiiiiiiiececee 24
INTOSC Output Frequency ..........ccccoeevvevcieeneenieeene. 24
OSCTUNE Register
PLL in INTOSC MOdES ......ececuieiiiniiiiieeiie e 24
Internal RC Oscillator
Use With WDT ..o 202
Internet Address ..
Interrupt Sources .........cccceecvveineene .
A/D Conversion Complete .......cccceeveeeviiiiiiireeenecins 173
INTX PIN e 105
PORTB, Interrupt-on-Change .
TMRO oo ..105
TMR1 Overflow ..... .
INTEITUPES ..o 93
Interrupts, Flag Bits
Interrupt-on-Change Flag (RBIF Bit) ........ccccooveeienne. 90
INTOSC, INTRC. See Internal Oscillator Block.
IORLW . 238
IORWEF ..ot 238
IPR REGISIEIS ..o e 102

Low-Voltage Detect ...
Applications ................ ..
Associated Registers ..........cccocoiiniiiiniiine, 190
Characteristics ..........ccovviiiiiiiiiieeeeee e 283
Current Consumption ... .
Effects of a Reset ........ .. 190
Operation .............. .

During Sl€ep .....cocvvviiiiiieiiiciee e 190
SEEUP oot
Start-up Time .
Typical Application ...........ccceciiiiiiiiinie e 190

Low-Voltage ICSP Programming. See Single-Supply ICSP
Programming

LVD. See Low-Voltage Detect. .......cccceeevviiiniinicnnneenn. 187

M

Master Clear (MCLR)
Memory Organization ...
Data Memory ......cooiiiiiiiiiieece e
Program MemoOry .........ccccoeiiiiieiiiiiiiee e
Memory Programming Requirements ..........cccccevvieennns
Microchip Internet Web Site .........cccooviiiiiiiniiiee
Migration from Baseline to Enhanced Devices .... .
Migration from High-End to Enhanced Devices ...............
Migration from Mid-Range to Enhanced Devices
MOVF

MOVFF

MOVLB

MOVLW

MOVSF

MOVSS

MOVWEF .....

MPLAB ASM30 Assembler, Linker, Librarian ... .

MPLAB ICD 2 In-Circuit Debugger ..........cccceeeuieniieinennns

MPLAB ICE 2000 High-Performance Universal In-Circuit Em-
ULALOT .. 213

MPLAB Integrated Development Environment Software . 211

MPLAB PM3 Device Programmer .........ccccccovveeeenieeennes 213

MPLAB REAL ICE In-Circuit Emulator System ............... 213

MPLINK Object Linker/MPLIB Object Librarian ............... 212

MULLW

MULWF

N

NEGF . et 243

NOP e e 243

0]

Oscillator Configuration ..........ccocceeiiiiiiniiinie e 21
EC 21
ECIO e 21
HSPLL o e 21
Internal Oscillator BIOCK ..........cccevniiniiiciiiiiiceeen. 24
INTIOT <o
INTIO2 ..

LP .........

R e
RCIO e
).

Oscillator Selection ... . 191

Oscillator Start-up Timer (OST) . . 29,43

Oscillator SWItChing .......coveeiiiiiiecc e 26
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Oscillator Transitions ..........cccooiiiiiiieieee e 27
Oscillator, TIMer1t .......cceeiiiiiiee e 111
P
Packaging ....coooeeiiiiiieie e 295
Details
Marking Information ...........cccceeviiniiiiieiiee e 295
PICSTART Plus Development Programmer .................... 214
PIE ReGIStErs .....oooiiiiiiiiiiiii e 100
Pin Functions
AVDD i

AVSS oo
MCLR/VPP/RASIFLTA oo
NC oo,
RAO/ANO/INTO/KBIO/CMPO ...
RAT/AN1/INT1/KBI ........
RAZ2ITXICK oot
RAS/RXIDT oot
RA4/TOCKI/AN2//NREF+ ..o
RAB/0SC2/CLKO/T10SO/T1CKI/ANS ...
RA7/0OSC1/CLKI/T1OSI/FLTA ...coovveenn..
RBO/PWMO ..o
RBA/PWMA .o
RB2/INT2/KBI2/CMP2/T10SO/T1CKI ....
RB3/INT3/KBIZ/CMP1/T10S oo
RBA/PWM2. ...
RBS/PWMS3 ...t
RB6/PWM4/PGC
RB7/PWM5/PGD
VDD oo ————

Pinout I/O Descriptions
PIC18F1230/1330 ...
PIR Registers ........cccccoeneee.
PLL Frequency Multiplier
HSPLL Oscillator Mode ...........cccoceiiiiiiiiiiiiiice, 23
Use with INTOSC
POP e
POR. See Power-on Reset.
PORTA
Associated Registers .........ccociiiiiiiiiiiiii e 89
LATA Register
PORTA RegiSter .......ccoiiiiiiiiieiieceeee e 87
TRISA REGIStEr ....ooiiiiiiiiiiiiiee e 87
PORTB
Associated Registers ........cccccocveiiiiiiiiiiiniicneccees
Interrupt-on-Change Flag (RBIF Bit) .
LATB RegISter ....coooviiiiiiiiiiie e
PORTB Register .......cccooiiiiiiiiiiieeieieeve e
TRISB Register ...
Power Control PWM ..........
Associated Registers .
Control Registers .......coocveiiiieiiiie e
Functionality ..o
Power-Managed Modes .....
and A/D Operation .....
Clock SoUrCes .......cccocouviiiiciciiiiiiicie
Clock Transitions and Status Indicators ..................... 32
Effects on Clock Sources ..........ccccceoveivciiiienieeneenene. 29
Entering
Exiting Idle and Sleep Modes ..........cccoceevieinicnncenne. 37
By INterrupt .....ooooieii
By Reset ..o
By WDT Time-0out .....coccooviiiiniiiiiciciecneeeeee
Without an Oscillator Start-up Delay ..
Idle MOdES .......cccoiiiiiiiiiiic

PRI_IDLE
RC_IDLE
SEC_IDLE "
Multiple Sleep Commands ...........ccoceeviieiieiieenceeenen. 32
RUN MOAES ..o
PRI_RUN ..

SelECHNG ...eeviiiiiiie e

Sleep MOdE ......oooiiiiiiiiie e

Summary (table) .....
Power-on Reset (POR) ......

Time-out Sequence .
Power-up Delays .......ccoccoviiiiiiiiiiiieee e
Power-up Timer (PWRT) ...cooviiiiiiiieeeeeeee e 29
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