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PIC18F8722 FAMILY

TABLE 1-3: PIC18F6527/6622/6627/6722 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name TPm BTuffer Description
TQFP ype ype
PORTD is a bidirectional I/0 port.
RDO/PSPO 58
RDO 110 ST Digital I/O.
PSPO 110 TTL Parallel Slave Port data.
RD1/PSP1 55
RD1 110 ST Digital I/O.
PSP1 110 TTL Parallel Slave Port data.
RD2/PSP2 54
RD2 110 ST Digital I/O.
PSP2 110 TTL Parallel Slave Port data.
RD3/PSP3 53
RD3 11O ST Digital 1/O.
PSP3 110 TTL Parallel Slave Port data.
RD4/PSP4/SDO2 52
RD4 110 ST Digital I/O.
PSP4 110 TTL Parallel Slave Port data.
SDO2 (@) — SPI data out.
RD5/PSP5/SDI2/SDA2 51
RD5 110 ST Digital I/O.
PSP5 110 TTL Parallel Slave Port data.
SDI2 | ST SPI data in.
SDA2 I/0 |I’)C/SMB|  I2C™ data I/O.
RD6/PSP6/SCK2/SCL2 50
RD6 11O ST Digital 1/O.
PSP6 110 TTL Parallel Slave Port data.
SCK2 I/0 ST Synchronous serial clock input/output for SPI mode.
SCL2 110 |I2C/SMB Synchronous serial clock input/output for 12C mode.
RD7/PSP7/SS2 49
RD7 110 ST Digital I/O.
PSP7 110 TTL Parallel Slave Port data.
SS2 | TTL SPI slave select input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog= Analog input
| = Input (0] = Output
P = Power 12cm™ = I1°C/SMBus input buffer
Note 1. Default assignment for ECCP2 when Configuration bit, CCP2MX, is set.

2. Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared.
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FIGURE 5-1: PROGRAM MEMORY MAP AND STACK FOR PIC18F8722 FAMILY DEVICES
| PC<20:0> |
CALL, RCALL, RETURN 21
RETFI E, RETLW
Stack Level 1
Stack Level 31
Reset Vector ooooh
High-Priority Interrupt Vector 0008h
Low-Priority Interrupt Vector 0018h
On-Chip On-Chip On-Chip On-Chip
Program Memory Program Memory Program Memory Program Memory
PIC18FX527 PIC18FX622 PIC18FX627 PIC18FX722
OBFFFh
0CO000h
3
IS,
o
n
Py
OFFFFh g <
10000h 2
@
%}
-]
017FFFh
018000h
Read ‘0’ Read ‘0’ Read ‘0’
O1FFFFh 4
1FFFFFh
TABLE 5-1: MEMORY ACCESS FOR PIC18F8527/8622/8627/8722 PROGRAM MEMORY MODES
Internal Program Memory External Program Memory
Operating Mode ; ;
Execution Table Read Table Write To Execution Table Read Table Write To
From From From From
Microprocessor No Access No Access No Access Yes Yes Yes
Microprocessor Yes Yes Yes Yes Yes Yes
w/ Boot Block
Microcontroller Yes Yes Yes No Access No Access No Access
Extended Yes Yes Yes Yes Yes Yes
Microcontroller
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535 STATUS REGISTER

The STATUS register, shown in Register 5-2, 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 instruction
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. There-
fore, the result of an instruction with the STATUS register

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 hits in the STATUS register.

For other instructions that do not affect Status bits, see
the instruction set summaries in Table 26-2 and
Table 26-3.

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

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

W = Writable bit
‘1’ = Bit is set

R = Readable bit
-n = Value at POR

U = Unimplemented bit, read as ‘0’

‘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, ADDL W 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, ADDL W 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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FIGURE 7-10: EXTERNAL MEMORY BUS TIMING FOR SLEEP (MICROPROCESSOR MODE)

Ql| Q2 Q2

Q3‘ Q4| Q1

A<19:16>® Y 00h />< 00h 9
| |

AD<15:8>® “_< 3Ah >< 3Ah |>
| | [
AD<7:0> 4'_< AAh >—< ooh >< 03h |>—< ABh >—< OEh >< 55h |>

|

Q3 ‘Q4 QL commmmm e -

|
BAO | / \ | / \ |
& | | /
| | I
ALE | [\ L/ |
. I I |
oE /T \___ [\ 7
Memory Opcode Fetch Opcode Fetch B Sleep Mode, Bus Inactive® _
Cycle SLEEP MOVLW55h = >
from 007554h from 007556h
Instruction
Execution INST(PC - 2) SLEEP

Note 1: The address lines actually used depends on the address width selected. This example assumes 20-bit addressing.
2: Bus becomes inactive regardless of power-managed mode entered when SLEEP is executed.

FIGURE 7-11: TYPICAL OPCODE FETCH, 8-BIT MODE

‘ Q1 ‘ Q2 ‘ Q3 ‘ Q4
|
1

. 1
AD<15:8> |>< 03Ah
55h OEh >< 55h

AD<7:0>

O —

BAO

ALE

i

WRL

=

Memory Opcode Fetch  MOVLWS55h from 007556h
Cycle - -

Note 1: The address lines actually used depends on the address width selected. This example assumes 16-bit addressing.
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REGISTER 10-5: PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIF CMIF = EEF | BCLUF | HLDIF | TMR3IF | CCP2IF
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’ = Bitis cleared X = Bit is unknown
bit 7 OSCFIF: Oscillator Fail Interrupt Flag bit

1 = Device oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = Device clock operating
bit 6 CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed (must be cleared in software)
0 = Comparator input has not changed
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIF: EEPROM or 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 BCL1IF: MSSP1 Bus Collision Interrupt Flag bit
1= A bus collision occurred while the MSSP1 module configured in I2C™ Master mode was
transmitting (must be cleared in software)
0 = No bus collision occurred
bit 2 HLVDIF: High/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 = TMR3 register overflowed (must be cleared in software)
0 = TMR3 register did not overflow
bit O CCP2IF: ECCP2 Interrupt Flag bit
Capture mode:
1 = A TMR1/TMRS register capture occurred (must be cleared in software)
0 = No TMR1/TMR3 register capture occurred
Compare mode:
1 = ATMR1/TMRS register compare match occurred (must be cleared in software)
0 = No TMR1/TMR3 register compare match occurred
PWM mode:
Unused in this mode.

© 2008 Microchip Technology Inc. DS39646C-page 125



PIC18F8722 FAMILY

REGISTER 10-12: IPR3: PERIPHERAL INTERRUPT PRIORITY REGISTER 3

R/W-0 R/W-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
SSP2IP BCL2IP RC2IP TX2IP TMRA4IP CCP5IP CCP4IP CCP3IP
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 SSP2IP: MSSP2 Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 BCL2IP: MSSP2 Bus Collision Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 RC2IP: EUSART?2 Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 TX2IP: EUSART?2 Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 TMRA4IP: TMR4 to PR4 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 CCP5IP: CCPS5 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 CCPA4IP: CCP4 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 CCP3IP: ECCP3 Interrupt Priority bit
1 = High priority
0 = Low priority
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TABLE 11-15: PORTH FUNCTIONS

Pin Name Function S-tl;ﬁ:ﬁg 110 nge Description
RHO/A16 RHO 0 (0] DIG |LATH<O0> data output.
1 | ST PORTH<0> data input.
Al6 X (0] DIG | External memory interface, address line 16. Takes priority over port data.
RH1/A17 RH1 0 ) DIG |LATH<1> data output.
1 | ST PORTH<1> data input.
Al7 X (0] DIG | External memory interface, address line 17. Takes priority over port data.
RH2/A18 RH2 0 (0] DIG |LATH<2> data output.
1 | ST PORTH<2> data input.
A18 X (0] DIG | External memory interface, address line 18. Takes priority over port data.
RH3/A19 RH3 0 O DIG |LATH<3> data output.
1 | ST PORTH<3> data input.
Al19 X (0] DIG | External memory interface, address line 19. Takes priority over port data.
RH4/AN12/ RH4 0 (0] DIG |LATH<4> data output.
P3C 1 | ST | PORTH<4> data input.
AN12 1 | ANA | A/D input channel 12. Default configuration on POR.
p3c 0 o) DIG |ECCP3 Enhanced PWM output, channel C. May be configured for tri-state
during Enhanced PWM shutdown events. Takes priority over port data.
RH5/AN13/ RH5 0 (0] DIG |LATH<5> data output.
P3B 1 I ST | PORTH<5> data input.
AN13 1 | ANA | A/D input channel 13. Default configuration on POR.
p3s™ 0 o DIG | ECCP3 Enhanced PWM output, channel B. May be configured for tri-state
during Enhanced PWM shutdown events. Takes priority over port data.
RH6/AN14/ RH6 0 @) DIG |LATH<6> data output.
P1C 1 I ST | PORTH<6> data input.
AN14 1 | ANA | A/D input channel 14. Default configuration on POR.
pic® 0 (0] DIG | ECCP1 Enhanced PWM output, channel C. May be configured for tri-state
during Enhanced PWM shutdown events. Takes priority over port data.
RH7/AN15/ RH7 0 (0] DIG |LATH<7> data output.
P1B 1 | ST | PORTH<7> data input.
AN15 1 | ANA | A/D input channel 15. Default configuration on POR.
p1B® 0 (0] DIG |ECCP1 Enhanced PWM output, channel B. May be configured for tri-state
during Enhanced PWM shutdown events. Takes priority over port data.
Legend: PWR = Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,

Note 1:

TTL = TTL Buffer Input, x = Don't care (TRIS bit does not affect port direction or is overridden for this option).
Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).

TABLE 11-16: SUMMARY OF REGISTERS ASSOCIATED WITH PORTH

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
TRISH TRISH7 | TRISH6 | TRISH5 | TRISH4 | TRISH3 | TRISH2 | TRISH1 | TRISHO 60
PORTH RH7 RH6 RH5 RH4 RH3 RH2 RH1 RHO 60
LATH LATH7 LATH6 LATH5 LATH4 LATH3 LATH2 LATH1 LATHO 60
ADCON1 — — VCFG1 | VCFGO PCFG3 PCFG2 | PCFG1 | PCFGO 59

© 2008 Microchip Technology Inc.
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15.0 TIMER3 MODULE A simplified block diagram of the Timer3 module is

shown in Figure 15-1. A block diagram of the module’s

The Timer3 timer/counter module incorporates these operation in Read/Write mode is shown in Figure 15-2.

features: The Timer3 module is controlled through the T3CON

* Software selectable operation as a 16-bit timer or register (Register 15-1). It also selects the clock source

counter options for the CCP modules (see Section 17.1.1

« Readable and writable 8-bit registers “CCP Modules and Timer Resources” for more
(TMR3H and TMR3L) information).

» Selectable clock source (internal or external) with
device clock or Timerl oscillator internal options

* Interrupt-on-overflow

* Module Reset on CCP Special Event Trigger

REGISTER 15-1: 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 T3CCP2 T3CKPS1 T3CKPSO T3CCP1 T3SYNC TMR3CS TMR3ON
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 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 T3CCP<2:1>: Timer3 and Timerl to CCPx Enable bits
11 = Timer3 and Timer4 are the clock sources for ECCP1, ECCP2, ECCP3, CCP4 and CCP5
10 = Timer3 and Timer4 are the clock sources for ECCP3, CCP4 and CCP5;
Timerl and Timer2 are the clock sources for ECCP1 and ECCP2
01 = Timer3 and Timer4 are the clock sources for ECCP2, ECCP3, CCP4 and CCP5;
Timerl and Timer2 are the clock sources for ECCP1
00 = Timerl and Timer2 are the clock sources for ECCP1, ECCP2, ECCP3, CCP4 and CCP5
bit 5-4 T3CKPS<1:0>: 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 device clock comes from Timerl/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 Timer1l oscillator or TL3CKI (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

© 2008 Microchip Technology Inc. DS39646C-page 173
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17.2 Capture Mode

In Capture mode, the CCPRxH:CCPRXL register pair
captures the 16-bit value of the TMR1 or TMR3
registers when an event occurs on the corresponding
CCPx pin. An event is defined as one of the following:
* every falling edge

 every rising edge

 every 4th rising edge

 every 16th rising edge

The event is selected by the mode select bits,
CCPxM<3:0> (CCPxCON<3:0>). When a capture is
made, the interrupt request flag bit, CCPxIF, is set; it
must be cleared in software. If another capture occurs
before the value in the CCPRX registers is read, the old
captured value is overwritten by the new captured value.

17.21 CCPx PIN CONFIGURATION

In Capture mode, the appropriate CCPx pin should be
configured as an input by setting the corresponding
TRIS direction bit.

Note:  If a CCPx pin is configured as an output, a
write to the port can cause a capture
condition.

17.2.2 TIMER1/TIMER3 MODE SELECTION

The timers that are to be used with the capture feature
(Timer1 and/or Timer3) must be running in Timer mode or
Synchronized Counter mode. In Asynchronous Counter
mode, the capture operation will not work. The timer to be
used with each CCP module is selected in the T3CON
register (see Section 17.1.1 “CCP Modules and Timer
Resources”).

FIGURE 17-2:

17.2.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPXIE interrupt enable bit clear to avoid false inter-
rupts. The interrupt flag bit, CCPxIF, should also be
cleared following any such change in operating mode.

17.2.4 CCP PRESCALER

There are four prescaler settings in Capture mode; they
are specified as part of the operating mode selected by
the mode select bits (CCPxM<3:0>). Whenever the
CCP module is turned off, or Capture mode is disabled,
the prescaler counter is cleared. This means that any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared; therefore, the first capture may be from
a non-zero prescaler. Example 17-1 shows the
recommended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.

EXAMPLE 17-1: CHANGING BETWEEN

CAPTURE PRESCALERS
(CCP5 SHOWN)

CLRF  CCP5CON ; Turn CCP nodul e of f
MOVLW NEW CAPT_PS ; Load WREG with the
; new prescal er node
; value and CCP ON
Load CCP5CON with
; this value

MOVWF  CCP5CON

CAPTURE MODE OPERATION BLOCK DIAGRAM

Set Flag bit CCP4IF

|
T3CCP2 TMR3
I—AD Enable
| CCPR4H | CCPRAL |

| T™™R3H | TMR3L |

Prescaler
&— +1,4,16
RG3/CCP4 pin
j and —t
Edge Detect
CCP1CON<3:0>
Q's

T3CCP2

TMR1
Enable

-

| TMRIH | TMRIL |

© 2008 Microchip Technology Inc.
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The CCPRxH register and a 2-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitchless PWM
operation.

When the CCPRxH and 2-bit latch match TMR2
(TMR4), concatenated with an internal 2-bit Q clock or
2 bits of the TMR2 (TMR4) prescaler, the CCPx pin is
cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

EQUATION 17-3:

17.4.3 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 (PR4)
register.

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

3. Make the CCPx pin an output by clearing the
appropriate TRIS bit.

4. Set the TMR2 (TMR4) prescale value, then
enable Timer2 (Timer4) by writing to T2CON
(T4CON).

Iog( FOSC) 5. Configure the CCPx module for PWM operation.
. FPwm/
PWM Resolution (max) = ————— pjts
log(2)
Note:  If the PWM duty cycle value is longer than

the PWM period, the CCPx pin will not be

cleared.
TABLE 17-3: 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 FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 10 10 10 8 7 6.58

© 2008 Microchip Technology Inc.
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I2C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPxCON2<1>) is programmed high and the 1°C logic
module is in the Idle state. When the RSEN bit is set,
the SCLx pin is asserted low. When the SCLx pin is
sampled low, the Baud Rate Generator is loaded with
the contents of SSPXADD<5:0> and begins counting.
The SDAX pin is released (brought high) for one Baud
Rate Generator count (TBRG). When the Baud Rate
Generator times out, if SDAx is sampled high, the SCLx
pin will be deasserted (brought high). When SCLx is
sampled high, the Baud Rate Generator is reloaded
with the contents of SSPxADD<6:0> and begins count-
ing. SDAx and SCLx must be sampled high for one
TBRG. This action is then followed by assertion of the
SDAX pin (SDAXx = 0) for one TBRG while SCLx is high.
Following this, the RSEN bit (SSPXCON2<1>) will be
automatically cleared and the Baud Rate Generator will
not be reloaded, leaving the SDAXx pin held low. As
soon as a Start condition is detected on the SDAx and
SCLx pins, the S bit (SSPxSTAT<3>) will be set. The
SSPxIF bit will not be set until the Baud Rate Generator
has timed out.

19.4.9

FIGURE 19-20:

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start
condition occurs if:

¢ SDAX is sampled low when SCLx
goes from low-to-high.

¢ SCLx goes low before SDAX is
asserted low. This may indicate that
another master is attempting to

transmit a data ‘1’.

Immediately following the SSPxIF bit getting set, the
user may write the SSPxBUF with the 7-bit address in
7-bit mode or the default first address in 10-bit mode.
After the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode) or eight bits of data (7-bit
mode).

19.49.1  WCOL Status Flag

If the user writes the SSPxBUF when a Repeated Start
sequence is in progress, the WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPXCONZ2 is disabled until the Repeated
Start condition is complete.

REPEATED START CONDITION WAVEFORM

S bit set by hardware

SDAX

SDAx =1, At completion of Start bit,
Write to SSPXCON2 occurs here: SDAx =1, SCLx=1 hardware clears RSEN bit
SCLx (no change). l and sets SSPxIF
o
|‘-TBRG—'|'—TBRG—|’|'—TBRG—>|

1stbit X

RSEN bit set by hardware
on falling edge of ninth clock,
end of Xmit

-

|
|
|
|
S
sex L/ N/ TN/ N

Sr = Repeated Start

Write to SSPXBUF occurs here
«TBRG~|

*TBRG~|

© 2008 Microchip Technology Inc.
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22.2 Comparator Operation

A single comparator is shown in Figure 22-2, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 22-2 represent
the uncertainty, due to input offsets and response time.

22.3 Comparator Reference

Depending on the comparator operating mode, either
an external or internal voltage reference may be used.
The analog signal present at VIN- is compared to the
signal at VIN+ and the digital output of the comparator
is adjusted accordingly (Figure 22-2).

FIGURE 22-2: SINGLE COMPARATOR
VINtY |+
Output
VIN- ——{—

Output l . l .

22.3.1 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between Vss and VDD and can be applied to either
pin of the comparator(s).

22.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference from the
comparator voltage reference module. This module is
described in more detail in Section 23.0 “Comparator
Voltage Reference Module”.

The internal reference is only available in the mode
where four inputs are multiplexed to two comparators
(CM<2:0>=110). In this mode, the internal voltage
reference is applied to the VIN+ pin of both
comparators.

22.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. If the internal
reference is changed, the maximum delay of the
internal voltage reference must be considered when
using the comparator outputs. Otherwise, the
maximum delay of the comparators should be used
(see Section 28.0 “Electrical Characteristics”).

22,5 Comparator Outputs

The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RF1 and RF2
I/O pins. When enabled, multiplexors in the output path
of the RF1 and RF2 pins will switch and the output of
each pin will be the unsynchronized output of the
comparator. The uncertainty of each of the
comparators is related to the input offset voltage and
the response time given in the specifications.
Figure 22-3 shows the comparator output block
diagram.

The TRISF bits will still function as an output enable/
disable for the RF1 and RF2 pins while in this mode.

The polarity of the comparator outputs can be changed
using the C2INV and C1INV bits (CMCON<5:4>).

Note 1: When reading the PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert an analog input according to the
Schmitt Trigger input specification.

2: Analog levels on any pin defined as a
digital input may cause the input buffer to

consume more current than is specified.
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24.2 HLVD Setup

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

1. Write the value to the HLVDL<3:0> bits that
selects the desired HLVD trip point.

2. Set the VDIRMAG bit to detect high voltage
(VDIRMAG = 1) or low voltage (VDIRMAG = 0).

3. Enable the HLVD module by setting the
HLVDEN bit.

4. Clear the HLVD interrupt flag (PIR2<2>), which
may have been set from a previous interrupt.

5. Enable the HLVD interrupt if interrupts are
desired by setting the HLVDIE and GIE bits
(PIE2<2> and INTCON<7>). An interrupt will not
be generated until the IRVST bit is set.

24.3

When the module is enabled, the HLVD comparator
and voltage divider are enabled and will consume static
current. The total current consumption, when enabled,
is specified in electrical specification parameter D022B
(Section 28.2 “DC Characteristics”).

Current Consumption

FIGURE 24-2:

Depending on the application, the HLVD module does
not need to be operating constantly. To decrease the
current requirements, the HLVD circuitry may only
need to be enabled for short periods where the voltage
is checked. After doing the check, the HLVD module
may be disabled.

24.4 HLVD Start-up Time

The internal reference voltage of the HLVD module,
specified in electrical specification parameter D420
(Section 28.2 “DC Characteristics”), may be used
by other internal circuitry, such as the Programmable
Brown-out Reset. If the HLVD or other circuits using the
voltage reference are disabled to lower the device's
current consumption, the reference voltage circuit will
require time to become stable before a low or
high-voltage condition can be reliably detected. This
start-up time, TIRVST, is an interval that is independent
of device clock speed. It is specified in electrical
specification parameter 36 (Table 28-12).

The HLVD interrupt flag is not enabled until TIRvVST has
expired and a stable reference voltage is reached. For
this reason, brief excursions beyond the set point may
not be detected during this interval. Refer to
Figure 24-2 or Figure 24-3.

LOW-VOLTAGE DETECT OPERATION (VDIRMAG = 0)

CASE 1:

HLVDIF may not be set

e \'%

HLVDIF

Enable HLVD [
|
|

IRVST

~<— TIRVST —&]

CASE 2:

Internal Reference is stable

VoD
—————————— \— ———————————/—————————————-VHLVD

HLVDIF cleared in software

HLVDIF

Enable HLVD [
|
|

IRVST

~— TIRvsT

Internal Reference is stable J

HLVDIF cleared in software

HLVDIF cleared in software,
HLVDIF remains set since HLVD condition still exists
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MULLW Multiply Literal with W MULWF Multiply W with f
Syntax: MULLW  k Syntax: MULWF  f{,a}
Operands: 0<k<255 Operands: 0<f<255
Operation: (W) x k - PRODH:PRODL ae[01]
Status Affected: None Operation: (W) x (f) > PRODH:PRODL
Encoding: [ 0000 [ 1101 [ kkkk | kkkk | Status Affected:  None
Description: An unsigned multiplication is carried Encoding: ‘ 0000 ‘ 00la | frff ‘ frff ‘
out between the contents of W and the Description: An unsigned multiplication is carried out
8-bit literal ‘k’. The 16-bit result is between the contents of W and the
placed in PRODH:PRODL register pair. register file location ‘f'. The 16-bit result is
PRODH contains the high byte. stored in the PRODH:PRODL register
W is unchanged pair. PRODH contains the high byte. Both
' W and ‘f" are unchanged.
None of the status flags are affected.
None of the status flags are affected.
Note that neither Overflow nor Carry is " h ither Overfl c )
possible in this operation. A Zero result ote'élat' ner']t_ er ver' ow nor L.arry ISI .
is possible but not detected. possible in this operation. A Zero result is
possible but not detected.
Words: 1 ) .
If ‘a’ is ‘0’, the Access Bank is selected. If
Cycles: 1 ‘a’is ‘1’, the BSR is used to select the
Q Cycle Activity: GPR bank (default).
Q1 Q2 Q3 Q4 If ‘a’is ‘0" and the extended instruction set
Decode Read Process Write is enabled, this instruction operates in
literal 'k’ Data registers Indexed Literal Offset Addressing mode
PRODH: whenever f <95 (5Fh). See
PRODL Section 26.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
Example: MULLW  0C4h
Words: 1
Before Instruction
W =  E2h Cycles: 1
PRODH = ? P
PRODL - 5 Q Cycle Activity:
After Instruction Q1 Q2 Q3 Q4
w = E2h Decode Read Process Write
PRODH = ADh register ‘f Data registers
PRODL
Example: MULWF  REG 1
Before Instruction
W = Cbh
REG = B5h
PRODH = ?
PRODL = ?
After Instruction
W = C4h
REG = B5h
PRODH = 8Ah
PRODL = 94h

DS39646C-page 348

© 2008 Microchip Technology Inc.



PIC18F8722 FAMILY

RETURN Return from Subroutine
Syntax: RETURN {s}
Operands: s € [0,1]
Operation: (TOS) —» PC,
ifs=1
(WS) > W,
(STATUSS) — STATUS,
(BSRS) — BSR,
PCLATU, PCLATH are unchanged
Status Affected: None
Encoding: | 0000 [ oooo | ooo1 | oois |
Description: Return from subroutine. The stack is
popped and the top of the stack (TOS)
is loaded into the program counter. 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 Process POP PC
operation Data from stack
No No No No
operation operation operation operation
Example: RETURN

After Instruction:
PC =TOS

RLCF Rotate Left f through Carry
Syntax: RLCF f{d{a}}
Operands: 0<f<255
d e [0,1]
a € [0,1]
Operation: (f<n>) — dest<n + 1>,
(f<7>) > C,
(C) » dest<0>
Status Affected: C,/N,Z
Encoding: | o011 | oida | ffff | ffff |
Description: The contents of register ‘f’ are rotated
one bit to the left through the Carry flag.
If ‘d" is ‘0’, the result is placed in W. If ‘d’
is ‘1, the result is stored back in register
‘" (default).
If ‘a’ is ‘0’, the Access Bank is selected.
If ‘a’is ‘1", the BSR is used to select the
GPR bank (default).
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 26.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
e regsert ]
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: RLCF REG, 0, O
Before Instruction
REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
w = 1100 1100
C = 1
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RLNCF Rotate Left f (no carry)
Syntax: RLNCF  f{d{a}}
Operands: 0<f<255

d e [0,1]

a € [0,1]
Operation: (f<n>) — dest<n + 1>,

Status Affected:

(f<7>) — dest<0>
N, Z

Encoding: | 0100 | o1da | frff | ffff |
Description: The contents of register ‘f’ are rotated
one bit to the left. If ‘d’ is ‘0, the result
is placed in W. If ‘d’ is ‘1", the result is
stored back in register ‘f’ (default).
If‘a’is ‘0, the Access Bank is selected.
If‘a’is ‘1’, the BSR is used to select the
GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction
setis enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 26.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
| registerf |y
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: RLNCF REG, 1, O
Before Instruction
REG = 1010 1011
After Instruction
REG = 0101 0111

RRCF Rotate Right f through Carry
Syntax: RRCF f{d{a}}
Operands: 0<f<255
d e [0,1]
a e [0,1]
Operation: (f<n>) — dest<n — 1>,
(f<0>) —» C,
(C) — dest<7>
Status Affected: C,N,Z
Encoding: | oo11 | ooda [ fftf [ ffft |
Description: The contents of register ‘f’ are rotated
one bit to the right through the Carry
flag. If ‘d’ is ‘0", the result is placed in W.
If ‘d” is ‘1", the result is placed back in
register ‘f’ (default).
If ‘a’ is ‘0", the Access Bank is selected.
If ‘a’is ‘'1’, the BSR is used to select the
GPR bank (default).
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 26.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
Words:
Cycles:
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: RRCF REG, 0, O
Before Instruction
REG = 1110 0110
Cc = 0
After Instruction
REG = 1110 0110
W = 0111 o011
C = 0
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SUBWFB Subtract W from f with Borrow
Syntax: SUBWFB f{d{,a}}
Operands: 0<f<255
d € [0,1]
a e [0,1]
Operation: (f) = (W) = (C) — dest
Status Affected: N, OV, C,DC, Z
Encoding: | 0101 | 10da | FEff | FEff |
Description: Subtract W and the Carry flag (borrow)
from register ‘f’ (2's complement
method). If ‘d’ is ‘0’, the result is stored
inW. If‘'d"is ‘1", the result is stored back
in register ‘f' (default).
If ‘a’is ‘0", the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).
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 26.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example 1: SUBWB REG 1, O
Before Instruction
REG = 1%9h (0001 1001)
w = 0Dh (0000 1101)
C = 1
After Instruction
REG = 0Ch (0000 1011)
w = 0Dh (0000 1101)
C = 1
V4 = 0
N = 0 ; result is positive
Example 2: SUBWB REG 0, O
Before Instruction
REG = 1Bh (0001 1011)
w = 1Ah (0001 1010)
C = 0
After Instruction
REG = 1Bh (0001 1011)
w = 00h
C = 1
4 = 1 ; result is zero
N = 0
Example 3: SUBWB REG 1, O
Before Instruction
REG = 03h (0000 0011)
w = OEh (0000 1101)
C = 1
After Instruction
REG = Fbh (1121 o0100)
; [2's comp]
w = OEh (0000 1101)
C = 0
V4 = 0
N = 1 ; result is negative

SWAPF Swap f
Syntax: SWAPF f{,d{,a}}
Operands: 0<f<255
d e [0,1]
a € [0,1]
Operation: (f<3:0>) — dest<7:4>,

Status Affected:
Encoding:

Description:

Words:
Cycles:

Q Cycle Activity:

Q1

(f<7:4>) — dest<3:0>
None
\ 0011 | 10da‘ FEEf | fEff \

The upper and lower nibbles of register
‘f” are exchanged. If ‘d’ is ‘0’, the result
is placed in W. If ‘d’ is ‘1", the result is
placed in register ‘f’ (default).

If ‘a’ is ‘0", the Access Bank is selected.
If ‘a’is ‘1", the BSR is used to select the
GPR bank (default).

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 26.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

1
1

Q2 Q3 Q4

Decode

Read Process Write to
register ‘f’ Data destination

Example:

SWAPF  REG 1, O

Before Instruction

REG

REG

= 53h
After Instruction
= 35h
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FIGURE 28-17:

EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)

70—

SCKx
(CKP = 0)

SCKx w
(CKP =1) . X . N ol

7

¢
)) .

71— 72— —

SDOX LSb :E
—
77
SDIx LSb In
Note: Refer to Figure 28-5 for load conditions.

TABLE 28-18: EXAMPLE SPI MODE REQUIREMENTS (SLAVE MODE TIMING, CKE = 0)

Pilrsm Symbol Characteristic Min Max | Units |Conditions
70 TssL2scH, |SSx | to SCKx 4 or SCKx T Input 3 Tey — | ns

TssL2scL
71 TscH SCKXx Input High Time Continuous 1.25Tcy +30| — ns
71A (Slave mode) Single Byte 40 — | ns |(Note1)
72 TscL SCKXx Input Low Time Continuous 1.25Tcy +30| — ns
72A (Slave mode) Single Byte 40 — | ns [(Note 1)
73 TDIV2scH, |Setup Time of SDIx Data Input to SCKx Edge 20 — ns

TDIV2scL
73A TB2B Last Clock Edge of Byte 1 to the First Clock Edge of Byte 2| 1.5Tcy +40 | — ns |(Note 2)
74 TscH2biL, [Hold Time of SDIx Data Input to SCKx Edge 40 — ns

TscL2piL
75 TDoR SDOx Data Output Rise Time PIC18FXXXX — 25 ns

PIC18LFXXXX — 45 ns |VbD = 2.0V
76 TooF SDOx Data Output Fall Time — 25 ns
77 TssH2poZ [SSx T to SDOx Output High-Impedance 10 50 ns
78 TscR SCKXx Output Rise Time (Master mode) | PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD = 2.0V

79 TscF SCKXx Output Fall Time (Master mode) — 25 ns
80 TscH2DpoV, | SDOx Data Output Valid after SCKx PIC18FXXXX — 50 ns

TscL2poV |Edge PIC18LFXXXX — 100 | ns |VbD=2.0V
83 TscH2ssH, |SSx T after SCKx Edge 15Tcy+40| — | ns

TscL2ssH
Note 1: Requires the use of Parameter #73A.

2:  Only if Parameter #71A and #72A are used.
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APPENDIX C: CONVERSION
CONSIDERATIONS

This appendix discusses the considerations for
converting from previous versions of a device to the
ones listed in this data sheet. Typically, these changes
are due to the differences in the process technology
used. An example of this type of conversion is from a
PIC16C74A to a PIC16C74B.

Not Applicable

APPENDIX D: MIGRATION FROM
BASELINE TO
ENHANCED DEVICES

This section discusses how to migrate from a Baseline

device (i.e., PIC16C5X) to an Enhanced MCU device
(i.e., PIC18FXXX).

The following are the list of modifications over the
PIC16C5X microcontroller family:

Not Currently Available
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