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PIC18F8722 FAMILY

45 Device Reset Timers

The PIC18F8722 family of devices incorporates three
separate on-chip timers that help regulate the Power-on
Reset process. Their main function is to ensure that the
device clock is stable before code is executed. These
timers are:

* Power-up Timer (PWRT)
» Oscillator Start-up Timer (OST)
e PLL Lock Time-out

45.1 POWER-UP TIMER (PWRT)

The Power-up Timer (PWRT) of the PIC18F8722
family of devices is an 11-bit counter which uses the
INTRC source as the clock input. While the PWRT is
counting, the device is held in Reset.

The power-up time delay depends on the INTRC clock
and will vary from chip-to-chip due to temperature and
process variation. See DC parameter 33 in Table 28-12
for details.

The PWRT is enabled by clearing the PWRTEN
Configuration bit.

452 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 33, Table 28-12). This
ensures that the crystal oscillator or resonator has
started and stabilized.

The OST time-out is invoked only for XT, LP, HS and
HSPLL modes and only on Power-on Reset, or on exit
from most power-managed modes.

45.3 PLL LOCK TIME-OUT

With the PLL enabled in its PLL mode, the time-out
sequence following a Power-on Reset is slightly differ-
ent from other oscillator modes. A separate timer is
used to provide 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.

454 TIME-OUT SEQUENCE
On power-up, the time-out sequence is as follows:

1. Afterthe POR pulse has cleared, PWRT time-out
is invoked (if enabled).

2. Then, the OST is activated.

The total time-out will vary based on oscillator configu-
ration and the status of the PWRT. Figure 4-3,
Figure 4-4, Figure 4-5, Figure 4-6 and Figure 4-7 all
depict time-out sequences on power-up, with the
Power-up Timer enabled and the device operating in
HS Oscillator mode. Figures 4-3 through 4-6 also apply
to devices operating in XT or LP modes. For devices in
RC mode and with the PWRT disabled, on the other
hand, there will be no time-out at all.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, all time-outs will expire. Bring-
ing MCLR high will begin execution immediately
(Figure 4-5). This is useful for testing purposes or to
synchronize more than one PIC18F8722 family device
operating in parallel.

TABLE 4-2:  TIME-OUT IN VARIOUS SITUATIONS

Oscillator Power-up® and Brown-out Exit from

Configuration PWRTEN =0 PWRTEN = 1 Power-Managed Mode

HSPLL Trwrt® + 1024 Tosc + TrLL® 1024 Tosc + TpLL@ 1024 Tosc + TpLL@
HS, XT, LP Trwrt® + 1024 Tosc 1024 Tosc 1024 Tosc
EC, ECIO Tpwrt®) — —
RC, RCIO Tpwrt® — —
INTIO1, INTIO2 Tpwrt® — —

Note 1: See parameter 33, Table 28-12.

2: 2 ms is the nominal time required for the PLL to lock.

© 2008 Microchip Technology Inc.
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5431 FSR Registers and the

INDF Operand

At the core of Indirect Addressing are three sets of
registers: FSRO, FSR1 and FSR2. Each represents a
pair of 8-bit registers, FSRnH and FSRnL. The four
upper bits of the FSRnH register are not used so each
FSR pair holds a 12-bit value. This represents a value
that can address the entire range of the data memory
in a linear fashion. The FSR register pairs, then, serve
as pointers to data memory locations.

Indirect Addressing is accomplished with a set of
Indirect File Operands, INDFO through INDF2. These
can be thought of as “virtual” registers: they are
mapped in the SFR space but are not physically imple-
mented. Reading or writing to a particular INDF register
actually accesses its corresponding FSR register pair.
A read from INDF1, for example, reads the data at the
address indicated by FSR1H:FSRI1L. Instructions that
use the INDF registers as operands actually use the
contents of their corresponding FSR as a pointer to the
instruction’s target. The INDF operand is just a
convenient way of using the pointer.

Because Indirect Addressing uses a full 12-bit address,
data RAM banking is not necessary. Thus, the current
contents of the BSR and the Access RAM bit have no
effect on determining the target address.

FIGURE 5-8: INDIRECT ADDRESSING

5.4.3.2 FSR Registers and POSTINC,

POSTDEC, PREINC and PLUSW

In addition to the INDF operand, each FSR register pair
also has four additional indirect operands. Like INDF,
these are “virtual” registers that cannot be indirectly
read or written to. Accessing these registers actually
accesses the associated FSR register pair, but also
performs a specific action on its stored value. They are:

« POSTDEC: accesses the FSR value, then
automatically decrements it by 1 afterwards

* POSTINC: accesses the FSR value, then
automatically increments it by 1 afterwards

¢ PREINC: increments the FSR value by 1, then
uses it in the operation

* PLUSW: adds the signed value of the W register
(range of -127 to 128) to that of the FSR and uses
the new value in the operation.

In this context, accessing an INDF register uses the
value in the FSR registers without changing them.
Similarly, accessing a PLUSW register gives the FSR
value offset by the value in the W register; neither value
is actually changed in the operation. Accessing the
other virtual registers changes the value of the FSR
registers.

Operations on the FSRs with POSTDEC, POSTINC
and PREINC affect the entire register pair; that is, roll-
overs of the FSRnL register from FFh to 00h carry over
to the FSRnH register. On the other hand, results of
these operations do not change the value of any flags
in the STATUS register (e.g., Z, N, QV, etc.).

Using an instruction with one of the
Indirect Addressing registers as the
operand....

...uses the 12-bit address stored in
the FSR pair associated with that

. 7
register....

ADDWF,

I NDF1,

0

FSR1H:FSRI1L

x| |2 [2]1]o] [2]1]o]o]a]1]o]o]

-

...to determine the data memory
location to be used in that operation.

In this case, the FSR1 pair contains
ECCh. This means the contents of
location ECCh will be added to that
of the W register and stored back in
ECCh.

000h
1 Bank 0
100h
Bank 1
200h
Bank 2
300h
! 0 Bank 3
9 through NN
) A Bank 13 M
EOOh
> Bank 14
FOOh
Bank 15
FFFh
Data Memory
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The PLUSW register can be used to implement a form
of Indexed Addressing in the data memory space. By
manipulating the value in the W register, users can
reach addresses that are fixed offsets from pointer
addresses. In some applications, this can be used to
implement some powerful program control structure,
such as software stacks, inside of data memory.

5.4.3.3 Operations by FSRs on FSRs

Indirect Addressing operations that target other FSRs
or virtual registers represent special cases. For exam-
ple, using an FSR to point to one of the virtual registers
will not result in successful operations. As a specific
case, assume that FSROH:FSROL contains FE7h, the
address of INDF1. Attempts to read the value of the
INDF1 using INDFO as an operand will return 0Oh.
Attempts to write to INDF1 using INDFO as the operand
will result in a NOP.

On the other hand, using the virtual registers to write to
an FSR pair may not occur as planned. In these cases,
the value will be written to the FSR pair but without any
incrementing or decrementing. Thus, writing to INDF2
or POSTDEC2 will write the same value to the
FSR2H:FSR2L.

Since the FSRs are physical registers mapped in the
SFR space, they can be manipulated through all direct
operations. Users should proceed cautiously when
working on these registers, particularly if their code
uses Indirect Addressing.

Similarly, operations by Indirect Addressing are gener-
ally permitted on all other SFRs. Users should exercise
the appropriate caution that they do not inadvertently
change settings that might affect the operation of the
device.

5.5 Data Memory and the Extended
Instruction Set

Enabling the PIC18 extended instruction set (XINST
Configuration bit = 1) significantly changes certain
aspects of data memory and its addressing. Specifi-
cally, the use of the Access Bank for many of the core
PIC18 instructions is different; this is due to the
introduction of a new addressing mode for the data
memory space.

What does not change is just as important. The size of
the data memory space is unchanged, as well as its
linear addressing. The SFR map remains the same.
Core PIC18 instructions can still operate in both Direct
and Indirect Addressing mode; inherent and literal
instructions do not change at all. Indirect Addressing
with FSRO and FSR1 also remain unchanged.

551 INDEXED ADDRESSING WITH
LITERAL OFFSET

Enabling the PIC18 extended instruction set changes
the behavior of Indirect Addressing using the FSR2
register pair within Access RAM. Under the proper
conditions, instructions that use the Access Bank — that
is, most bit-oriented and byte-oriented instructions —
can invoke a form of Indexed Addressing using an
offset specified in the instruction. This special address-
ing mode is known as Indexed Addressing with Literal
Offset, or Indexed Literal Offset mode.

When using the extended instruction set, this
addressing mode requires the following:

» The use of the Access Bank is forced (‘a’ = 0) and
» The file address argument is less than or equal to
5Fh.

Under these conditions, the file address of the instruc-
tion is not interpreted as the lower byte of an address
(used with the BSR in Direct Addressing), or as an 8-bit
address in the Access Bank. Instead, the value is
interpreted as an offset value to an address pointer,
specified by FSR2. The offset and the contents of
FSR2 are added to obtain the target address of the
operation.

55.2 INSTRUCTIONS AFFECTED BY
INDEXED LITERAL OFFSET MODE

Any of the core PIC18 instructions that can use Direct
Addressing are potentially affected by the Indexed
Literal Offset Addressing mode. This includes all
byte-oriented and bit-oriented instructions, or almost
one-half of the standard PIC18 instruction set.
Instructions that only use Inherent or Literal Addressing
modes are unaffected.

Additionally, byte-oriented and bit-oriented instructions
are not affected if they do not use the Access Bank
(Access RAM bit is ‘1"), or include a file address of 60h
or above. Instructions meeting these criteria will
continue to execute as before. A comparison of the dif-
ferent possible addressing modes when the extended
instruction set is enabled in shown in Figure 5-9.

Those who desire to use byte-oriented or bit-oriented
instructions in the Indexed Literal Offset mode should
note the changes to assembler syntax for this mode.
This is described in more detail in Section 26.2.1
“Extended Instruction Syntax”.

© 2008 Microchip Technology Inc.
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7.6 8-Bit Data Width Modes

In 8-Bit Data Width mode, the External Memory Bus
operates only in Multiplexed mode; that is, data shares
the 8 least significant bits of the address bus.

Figure 7-7 shows an example of 8-bit Multiplexed
mode for PIC18F8527/8622/8627/8722 devices. This
mode is used for a single 8-bit memory connected for
16-bit operation. The instructions will be fetched as two
8-bit bytes on a shared data/address bus. The two
bytes are sequentially fetched within one instruction
cycle (Tcy). Therefore, the designer must choose
external memory devices according to timing calcula-
tions based on 1/2 TCY (2 times the instruction rate).
For proper memory speed selection, glue logic
propagation delay times must be considered along with
setup and hold times.

FIGURE 7-7:

The Address Latch Enable (ALE) pin indicates that the
address bits A<15:0> are available on the External
Memory Interface bus. The Output Enable signal (OE)
will enable one byte of program memory for a portion of
the instruction cycle, then BAO will change and the sec-
ond byte will be enabled to form the 16-bit instruction
word. The least significant bit of the address, BAO,
must be connected to the memory devices in this
mode. The Chip Enable signal (CE) is active at any
time that the microcontroller accesses external
memory, whether reading or writing; it is inactive
(asserted high) whenever the device is in Sleep mode.

This generally includes basic EPROM and Flash
devices. It allows table writes to byte-wide external
memories.

The appropriate level of BAO control line is strobed on
the LSb of the TBLPTR.

8-BIT MULTIPLEXED MODE EXAMPLE

Note 1:
for all address widths except 8-bit.

D<7:0>
PIC18F8X27/8X22
: A<19:0>
AP 373 P A<x:1>
ALE D<15:8> A0
AD<15:8>(1) = D<7:0>
CE
116> o
A<19:16> 5= TR
BAO
CE
OE
WRL

Upper-order address bits are used only for 20-bit address width. The upper AD byte is used

2:  This signal only applies to table writes. See Section 6.1 “Table Reads and Table Writes”.

Address Bus —
Data Bus

Control Lines

DS39646C-page 106
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7.6.1 8-BIT MODE TIMING

The presentation of control signals on the External
Memory Bus is different for the various operating
modes. Typical signal timing diagrams are shown in
Figure 7-8 through Figure 7-11.

FIGURE 7-8: EXTERNAL BUS TIMING FOR TBLRD (MICROPROCESSOR MODE)
I
‘ QlI QZI QsI Q4 QlIQzIQSIm QlI QzI QsI Q4 Ql‘ QzI QBI Q4 |
I
| | | |
AD<15:8>,
A<19:16>0) | 03Ah >< 03Ah >< CCFh | 03Ah D(i
| I | I |
AD<7:0> —I—< AAh>—< 08h ><00h|>—< ABh >—< 55h ><0Ehi>—< 33h >—< 92h | ACh>—< 55h >< OFh |>»
I | I | I
|
BAO | \ | Y N [\ |
| | | I |
ALE _ 1/ |/ \ |/ \ | \ |
o | | | |
OE ] \ / \ / \ V \ /
I | I I I
WRH 1’ | | I | T
_ | | | | I
WRL ‘1’ ' I I T =T
I I I I
Opcode Fetch Opcode Fetch Table Read 92h Opcode Fetch
Memory | | |
Cycle - TBLRD * MOVLWS55h > from 199E67h > ADDLWS55h
from 007554h from 007556h from 007558h
Instruction
Execution INST(PC - 2) TBLRD Cycle 1 TBLRD Cycle 2 MOVLW
Note 1: The address lines actually used depends on the address width selected. This example assumes 20-bit addressing.

FIGURE 7-9: EXTERNAL BUS TIMING FOR TBLRD (EXTENDED MICROCONTROLLER MODE)
I
Q1| Q2| Q3| Q4| Q1| Q2 | Q3 |Q4 | Q1| Q2 ‘ Q3 ‘ Q4 | o1 | Q2 ‘ 03 ‘ Q4 |
I
A<19:165(1) —] | '< och D |
| | | \ |
AD<15:8>(1) | i —\ CFh ) I
: ' | +—{ 33n o2h ) |
AD<7:0> 1 - —\ I |
o | | I I I
| I |\ —/ I
ALE | | [/ \ I I
_ | I I I
OF I | S |
Memory Opcode Fetch | Opcode Fetch | TBLRD 92h | Opcode Fetch
Cycle | TBLRD * | MOVLW55h from 199E67h ADDLWS55h |
from 000100h from 000102h from 000104h
Instruction
Execution INST(PC - 2) TBLRD Cycle 1 TBLRD Cycle 2 MOVLW
Note 1: The address lines actually used depends on the address width selected. This example assumes 20-bit addressing.
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REGISTER 10-2: INTCONZ2: INTERRUPT CONTROL REGISTER 2

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEDGO INTEDG1 INTEDG2 INTEDG3 TMROIP INT3IP RBIP
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 RBPU: PORTB Pull-up Enable bit

1 = All PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values
bit 6 INTEDGO: External Interrupt 0 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 5 INTEDG1: External Interrupt 1 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 4 INTEDG2: External Interrupt 2 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 3 INTEDG3: External Interrupt 3 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 2 TMROIP: TMRO Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 INT3IP: INT3 External Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 RBIP: RB Port Change Interrupt Priority bit
1 = High priority
0 = Low priority

Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state of its corresponding
enable bit or the global interrupt enable bit. User software should ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt. This feature allows for software polling.

DS39646C-page 122 © 2008 Microchip Technology Inc.
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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.
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TABLE 11-1: PORTA FUNCTIONS
Pin Name Function S-;-\;il:g 110 nge Description
RAO/ANO RAO 0 (0] DIG |[LATA<O> data output; not affected by analog input.
1 | TTL |PORTA<O> data input; disabled when analog input enabled.
ANO 1 | ANA |A/D input channel 0. Default input configuration on POR; does not affect
digital output.
RA1/AN1 RA1 (0] DIG |[LATA<1> data output; not affected by analog input.
| TTL |PORTA<1> data input; disabled when analog input enabled.
AN1 1 | ANA |A/D input channel 1. Default input configuration on POR; does not affect
digital output.
RA2/AN2/VREF- RA2 0 (0] DIG |[LATA<2> data output; not affected by analog input.
1 | TTL |PORTA<2> data input. Disabled when analog functions enabled.
AN2 1 | ANA |A/D input channel 2. Default input configuration on POR.
VREF- 1 | ANA |Comparator voltage reference low input and A/D voltage reference low input.
RA3/AN3/VREF+ RA3 0 (0] DIG |[LATA<3> data output; not affected by analog input.
1 | TTL |PORTA<3> data input; disabled when analog input enabled.
AN3 1 | ANA |A/D input channel 3. Default input configuration on POR.
VREF+ 1 | ANA |Comparator voltage reference high input and A/D voltage reference
high input.
RA4/TOCKI RA4 0 (0] DIG [LATA<4> data output.
1 | ST |PORTA<4> data input; default configuration on POR.
TOCKI X | ST |TimerO clock input.
RAS5/AN4/HLVDIN| RA5 0 O DIG |LATA<5> data output; not affected by analog input.
1 | TTL |PORTA<5> data input; disabled when analog input enabled.
AN4 1 | ANA |A/D input channel 4. Default configuration on POR.
HLVDIN 1 | ANA [High/Low-Voltage Detect external trip point input.
OSC2/CLKO/RA6| OSC2 X O ANA | Main oscillator feedback output connection (XT, HS, HSPLL and LP modes).
CLKO X (0] DIG |[System cycle clock output (Fosc/4) in all oscillator modes except RC,
INTIO7 and EC.
RA6 0 (6] DIG |LATA<6> data output. Enabled in RCIO, INTIO2 and ECIO modes only.
1 | TTL |PORTA<6> data input. Enabled in RCIO, INTIO2 and ECIO modes only.
OSC1/CLKI/RA7 | OSC1 X | ANA | Main oscillator input connection.
CLKI X | ANA [Main clock input connection.
RA7 0 (0] DIG |[LATA<7> data output. Disabled in external oscillator modes.
1 | TTL |PORTA<7> data input. Disabled in external oscillator modes.
Legend: PWR = Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST= Schmitt Buffer Input,

TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).

TABLE 11-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page

PORTA RA7TD) | rAas® RA5 RA4 RA3 RA2 RAL RAO 61
LATA LATA7®D | LATA6() | LATA5 | LATA4 | LATA3 | LATA2 | LATAl | LATAO 60
TRISA TRISA7TW | TRISA6W) | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO 60
ADCON1 — — VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFGl1 | PCFGO 59
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PORTA.
Note 1: RA<7:6> and their associated latch and data direction bits are enabled as I/O pins based on oscillator

configuration; otherwise, they are read as ‘0’.
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TABLE 11-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on page
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 60
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO 60
TRISB TRISB7 TRISB6 TRISBS5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 60
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 57
INTCONZ2 RBPU INTEDGO |[INTEDG1 |INTEDG2 |INTEDG3| TMROIP | INT3IP RBIP 57
INTCON3 INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INTL1IF 57

Legend: Shaded cells are not used by PORTB.

© 2008 Microchip Technology Inc.
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18.1.3 ECCP MODULES AND TIMER
RESOURCES

Like the standard CCP modules, the ECCP modules
can utilize Timers 1, 2, 3 or 4, depending on the mode
selected. Timerl1 and Timer3 are available for modules
in Capture or Compare modes, while Timer2 and
Timer4 are available for modules in PWM mode.
Additional details on timer resources are provided in
Section 17.1.1 “CCP Modules and Timer
Resources”.

18.2 Capture and Compare Modes

With the exception of the Special Event Trigger
discussed below, the Capture and Compare modes of
the ECCP modules are identical in operation to that of
CCP4. These are discussed in detail in Section 17.2
“Capture Mode” and Section 17.3 “Compare
Mode”.

18.2.1 SPECIAL EVENT TRIGGER

The Special Event Trigger output of ECCPx resets the
TMR1 or TMR3 register pair, depending on which timer
resource is currently selected. This allows the CCPRx
registers to effectively be 16-bit programmable period
registers for Timerl or Timer3.

18.3 Standard PWM Mode

When configured in Single Output mode, the ECCP
module functions identically to the standard CCP
module in PWM mode as described in Section 17.4
“PWM Mode”. This is also sometimes referred to as
“Compatible CCP” mode as in Tables18-1
through 18-3.

Note:  When setting up single output PWM
operations, users are free to use either of
the processes described in Section 17.4.3
“Setup for PWM Operation” or
Section 18.4.9 “Setup for PWM Opera-
tion”. The latter is more generic, but will
work for either single or multi-output PWM.

18.4 Enhanced PWM Mode

The Enhanced PWM mode provides additional PWM
output options for a broader range of control applica-
tions. The module is a backward compatible version of
the standard CCP module and offers up to four outputs,
designated PxA through PxD. Users are also able to
select the polarity of the signal (either active-high or
active-low). The module’s output mode and polarity
are configured by setting the PxM<1:0> and
CCPxM<3:0> bits of the CCPxCON register
(CCPxCON<7:6> and CCPxCON<3:0>, respectively).

For the sake of clarity, Enhanced PWM mode operation
is described generically throughout this section with
respect to ECCP1 and TMR2 modules. Control register
names are presented in terms of ECCP1. All three
Enhanced modules, as well as the two timer resources,
can be used interchangeably and function identically.
TMR2 or TMR4 can be selected for PWM operation by
selecting the proper bits in T3CON.

Figure 18-1 shows a simplified block diagram of PWM
operation. All control registers are double-buffered and
are loaded at the beginning of a new PWM cycle (the
period boundary when Timer2 resets) in order to
prevent glitches on any of the outputs. The exception is
the PWM Dead-Band Delay register, ECCP1DEL,
which is loaded at either the duty cycle boundary or the
boundary period (whichever comes first). Because of
the buffering, the module waits until the assigned timer
resets instead of starting immediately. This means that
Enhanced PWM waveforms do not exactly match the
standard PWM waveforms, but are instead offset by
one full instruction cycle (4 Tosc).

As before, the user must manually configure the
appropriate TRIS bits for output.

18.4.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following equation:

EQUATION 18-1:

PWM Period = [(PR2) + 1] » 4+ TosC
(TMR2 Prescale Value)

PWM frequency is defined as 1/[PWM period]. When
TMR2 is equal to PR2, the following three events occur
on the next increment cycle:
* TMR2 is cleared
* The ECCP1 pin is set (if PWM duty cycle = 0%,

the ECCP1 pin will not be set)

* The PWM duty cycle is copied from CCPRLL into
CCPR1H

Note:  The Timer2 postscaler (see Section 14.0
“Timer2 Module”) is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than
the PWM output.
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1 (RECEPTION, 10-BIT ADDRESS)
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19.4.12 ACKNOWLEDGE SEQUENCE

TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge Sequence Enable bit, ACKEN
(SSPxXCON2<4>). When this bit is set, the SCLx pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SDAX pin. If the user wishes to
generate an Acknowledge, then the ACKDT bit should
be cleared. If not, the user should set the ACKDT bit
before starting an Acknowledge sequence. The Baud
Rate Generator then counts for one rollover period
(TBrG) and the SCLx pin is deasserted (pulled high).
When the SCLx pin is sampled high (clock arbitration),
the Baud Rate Generator counts for TBRG. The SCLx pin
is then pulled low. Following this, the ACKEN bit is auto-
matically cleared, the Baud Rate Generator is turned off
and the MSSP module then goes into an inactive state
(Figure 19-23).

19.4.12.1 WCOL Status Flag

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

19.4.13 STOP CONDITION TIMING

A Stop bit is asserted on the SDAX pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN (SSPxCON2<2>). At the end of a
receive/transmit, the SCLx line is held low after the
falling edge of the ninth clock. When the PEN bit is set,
the master will assert the SDAXx line low. When the
SDAX line is sampled low, the Baud Rate Generator is
reloaded and counts down to ‘0’. When the Baud Rate
Generator times out, the SCLx pin will be brought high
and one TBRG (Baud Rate Generator rollover count)
later, the SDAX pin will be deasserted. When the SDAX
pin is sampled high while SCLx is high, the P bit
(SSPxSTAT<4>) is set. A TBRG later, the PEN bhit is
cleared and the SSPxIF bit is set (Figure 19-24).

19.4.13.1 WCOL Status Flag

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

FIGURE 19-23: ACKNOWLEDGE SEQUENCE WAVEFORM
Acknowledge Ssv?;t'g?gessstg';égﬁg: l— ACKEN automatically cleared
ACKEN =1, ACKDT =0
f+— TBRG —¢—TBRG —|
SDAX Do ACK !
X =
I
SCLx 8 | ! 9 |
| I
| : :
SSPXIF :

]

Note: TBRG = one Baud Rate Generator period.

SSPXIF set at
the end of receive

Cleared in
software

L Cleared in
software

SSPxIF set at the end
of Acknowledge sequence

FIGURE 19-24:

STOP CONDITION RECEIVE OR TRANSMIT MODE

Write to SSPXCON2, ___
set PEN

Falling edge of
9th clock l

SCLx

after SDAx sampled high. P bit (SSPxSTAT<4>) is set.

=1 for TBRG, followed by SDAX = 1 for TBRG

PEN bit (SSPXCON2<2>) is cleared by
hardware and the SSPxIF bit is set

TBRG |
SCLx \ 1

SDAXx ACK

Note: TBRG = one Baud Rate Generator period.

-
I
I
I
L

4
I
I
I
|

P

“— TBrG —— Tere —— Terc —*

SCLx brought high after TBRG

SDAX asserted low before rising edge of clock
to setup Stop condition

v
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REGISTER 25-3: CONFIG2H: CONFIGURATION REGISTER 2 HIGH (BYTE ADDRESS 300003h)

uU-0 u-0 uU-0

R/P-1

R/P-1 R/P-1 R/P-1 R/P-1

WDTPS3

WDTPS2 | WDTPS1 | WDTPSO | WDTEN

bit 7

bit 0

Legend:
R = Readable bit W = Writable bit
-n = Value at POR ‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

bit 7-5 Unimplemented: Read as ‘0’

bit 4-1 WDTPS<3:0>: Watchdog Timer Postscale Select bits

1111 =1:32,768
1110 = 1:16,384
1101 =1:8,192
1100 = 1:4,096
1011 =1:2,048
1010 = 1:1,024
1001 = 1:512
1000 = 1:256
0111 =1:128
0110 = 1:64
0101 =1:32
0100 =1:16
0011 =1:8
0010=1:4
0001 =1:2
0000=1:1

bit 0 WDTEN: Watchdog Timer Enable bit

1 = WDT enabled

0 = WDT disabled (control is placed on the SWDTEN bit)

© 2008 Microchip Technology Inc.
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25.5 Program Verification and

Code Protection

The user program memory is divided into four blocks
for PIC18F6527/8527 devices, five blocks for
PIC18F6622/8622 devices, six blocks for PIC18F6627/
8627 devices and eight blocks for PIC18F6722/8722
devices. One of these is a boot block of 2, 4 or
8 Kbytes. The remainder of the memory is divided into
blocks on binary boundaries.

Each of the blocks has three code protection bits
associated with them. They are:

« Code-Protect bit (CPn)
« Write-Protect bit (WRTn)
« External Block Table Read bit (EBTRn)

Figure 25-5 shows the program memory organization for
48, 64, 96 and 128-Kbyte devices and the specific code
protection bit associated with each block. The actual
locations of the bits are summarized in Table 25-3.

FIGURE 25-5: CODE-PROTECTED PROGRAM MEMORY FOR THE PIC18F8722 FAMILY
ooooooh —
Code Memory MEMORY SIZE/DEVICE
01FFFFh ——————
128 Kbhytes 96 Kbytes 64 Kbytes 48 Kbytes Address
(PIC18FX722) (PIC18FX627) (PIC18FX622) (PIC18FX527) Range
/ 000000h
Boot Block Boot Block Boot Block Boot Block 0007FFh*or
000FFFh* or
Unimplemented 001FFFh*
Read as ‘0’ 000800h* or
001000h* or
Block 0 Block 0 Block 0 Block 0 002000h*
003FFFh
004000h
Block 1 Block 1 Block 1 Block 1
007FFFh
200000h 008000h
Block 2 Block 2 Block 2 Block 2
00BFFFh
00C000h
Configuration Block 3 Block 3 Block 3
and ID <
Space 00FFFFh
010000h
Block 4 Block 4
013FFFh
014000h
Unimplemented
Block 5 Block 5 Read ‘0's
3FFFFFh Unimplemented 017FFFh
Read ‘0’s 018000h
Block 6
Unimplemented 01BFFFh
Read ‘0’s 01C000h
Block 7
\ 01FFFFh
Note: Sizes of memory areas are not to scale.
* Boot block size is determined by the BBSIZ<1:0> bits in CONFIGAL.

© 2008 Microchip Technology Inc.
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CLRF Clear f CLRWDT Clear Watchdog Timer
Syntax: CLRF f{a} Syntax: CLRWDT
Operands: 0<f<255 Operands: None
ae[01] Operation: 000h — WDT,
Operation: 000h — f 000h —» WDT postscaler,
1->2 1->T0O,
Status Affected: 4 1__> ED
Encoding: [ o110 [ 101a [ fref [ fert | Status Affected:  TO, PD
Description: Clears the contents of the specified Encoding: ‘ 0000 | 0000 ‘ 0000 | 0100 ‘
register. Description: CLRWDT instruction resets the
If ‘a’ is ‘0", the Access Bank is selected. Watlchdchgthn\;\;aé.Tlt also res_ets_trﬂe pogt—
If ‘a’is ‘1’, the BSR is used to select the scaler of the - Status bits, TO an
GPR bank (default). PD, are set.
If ‘a’ is ‘0’ and the extended instruction Words: 1
set is enabled, this instruction operates Cycles: 1
in Indexed Literal Offset Addressing -
Cycle Activity:
mode whenever f < 95 (5Fh). See QCy ) y , 5 .
Section 26.2.3 “Byte-Oriented and Q Q Q Q
Bit-Oriented Instructions in Indexed Decode No Process No
Literal Offset Mode” for details. operation Data operation
Words: 1
Cycles: 1 Example: CLRVWDT
—_ Before Instruction
Q Cycle Activity: WDT Counter - 5
Q1 Q2 Qs Q4 After Instruction
Decode Read Process Write WDT Counter = 00h
register ‘f’ Data register ‘f’ WDT Postscaler = 0
0 = 1
. PD = 1
Example: CLRF FLAG REG 1
Before Instruction
FLAG_REG = 5Ah
After Instruction
FLAG_REG = 00h

© 2008 Microchip Technology Inc.
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26.2

In addition to the standard 75 instructions of the PIC18
instruction set, the PIC18F8722 family of devices also
provide an optional extension to the core CPU function-
ality. The added features include eight additional
instructions that augment Indirect and Indexed
Addressing operations and the implementation of
Indexed Literal Offset Addressing for many of the
standard PIC18 instructions.

Extended Instruction Set

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

The instructions in the extended set 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 instruc-
tion set is provided in Table 26-3. Detailed descriptions
are provided in Section 26.2.2 “Extended Instruction
Set”. The opcode field descriptions in Table 26-1
(page 322) 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 assembler.
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.

26.2.1 EXTENDED INSTRUCTION SYNTAX

Most of the extended instructions use indexed argu-
ments, 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
(“[1)- 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 26.2.3.1 “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 26-3: 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 Kk 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, fqy |Move zg(source)to 1stword 2 1110 1011 0zzz zzzz None
fy (destination) 2nd word 1111 ffff ffff ffff
MOVSS zs, 24 |Move zg (source)to 1stword 2 1110 1011 1zzz 1zzz2 None
Z4 (destination) 2nd word 1111 XXXX Xzzz zz2zZ2
PUSHL k Store Literal at FSR2, 1 1110 1010 kkkk 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

© 2008 Microchip Technology Inc.
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FIGURE 28-3: PIC18LF8722 DEVICE FAMILY VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
6.0V -+
5.5V
5 oV PIC18LF6627/6622/6627/6722
PIC18LF8527/8622/8627/8722
o 4.2V
8
o
>

I
I
!
4 MHz FmAX
Frequency

In 8-bit External Memory mode:
FMAX = (9.55 MHz/V) (VDDAPPMIN — 2.0V) + 4 MHz, if VDDAPPMIN < 4.2V,
Fmax = 25 MHz, if VDDAPPMIN > 4.2V.

In all other modes:
FmMAX = (16.36 MHz/V) (VDDAPPMIN — 2.0V) + 4 MHz;
FMAX = 40 MHz, if VDDAPPMIN > 4.2V.

Note: VDDAPPMIN is the minimum voltage of the PIC® device in the application.

© 2008 Microchip Technology Inc.
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28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended)
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)

PIC18LF6X27/6X22/8X27/8X22 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta < +85°C for industrial
PIC18E6X27/6X22/8X27/8X22 Standqrd Operating Conditions Sunless otheEW|se ;tated)
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
' -40°C < TA < +125°C for extended
Pa’\:Z\m Device Typ Max | Units Conditions
Supply Current (Ipp)®
PIC18LF6X27/6X22/8X27/8X22| 200 250 pA -40°C
210 250 pA +25°C VDD = 2.0V
228 270 pA +85°C
PIC18LF6X27/6X22/8X27/8X22| 300 360 pA -40°C
324 | 360 | pA +25°C VDD = 3.0V Fosc =1 MHz
o (RC_IDLE mode,
350 380 HA +85°C Internal oscillator source)
All devices| 500 600 pA -40°C
520 600 pA +25°C
VDD = 5.0V
550 620 pA +85°C
Extended devices only| 720 800 LA +125°C
PIC18LF6X27/6X22/8X27/8X22| 410 500 pA -40°C
420 490 pA +25°C VDD = 2.0V
430 490 pA +85°C
PIC18LF6X27/6X22/8X27/8X22| 630 800 pA -40°C
650 | 790 | A +25°C VDD = 3.0V Fosc = 4 MHz
S (RC_IDLE mode,
690 800 pA +85°C Internal oscillator source)
All devices| 1.2 14 mA -40°C
1.3 14 mA +25°C
VDD = 5.0V
1.2 14 mA +85°C
Extended devices only| 1.2 1.6 mA +125°C

Legend: Shading of rows is to assist in readability of the table.

Note 1: The power-down current in 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, Timerl Oscillator, BOR, etc.).

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/0 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 VSS;
MCLR = VDD; WDT enabled/disabled as specified.

3:  When operation below -10°C is expected, use TLOSC High-Power mode, where LPT10SC (CONFIG3H<2>) = 0. When
operation will always be above -10°C, then the low-power Timerl oscillator may be selected.

4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than
the sum of both specifications.
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80-Lead Plastic Thin Quad Flatpack (PT) — 12x12x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
D1
AR
= =
¢ = =
1 = =
f = = E
e = =
= — Ef1
Lg\ ] =
= NN\ =
. N;>< =
NOTE 1 uuuunnnmuuuo oo ]
123 NOTE2 -~ \\ o
CTL f ‘
I ml I I
JM&% N
b \/ N |
B A1— A2
——L =— L1
Units MILLIMETERS
Dimension Limits MIN | NOM MAX
Number of Leads N 80
Lead Pitch e 0.50 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle ¢ 0° 3.5° 7°
Overall Width E 14.00 BSC
Overall Length D 14.00 BSC
Molded Package Width E1 12.00 BSC
Molded Package Length D1 12.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.17 0.22 0.27
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom § 11° 12° 13°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2
3.
4

. Chamfers at corners are optional; size may vary.
Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-092B
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PCL, PCH and PCU RegiSters .........ccccvvvvvniveeiinnenn. 66
PCLATH and PCLATU Registers .........ccoceecienvennnen. 66
Program Memory
and Extended Instruction Set ...........ccccvvveeeiiieeennn.
Code Protection .........cccecveeiieiiiieniinie e
Extended Microcontroller Mode ............cccoeeeiieciienen.
Instructions
TWO-WOI ..oeoiiiiiiiiiee e
Interrupt VECTOr ...
LOOK-UP TabIES .....oeveeiieeeie e
Map and Stack (diagram) ........c.cccoceriienieniienieennn.
Microcontroller Mode ..........ccoevvieniiniienicceeeen,
Microprocessor MOde .........ccccoveveeeniieeeniieensieee e
Microprocessor with Boot Block Mode ..
Reset VeCtor ........cccooccveiiiiiiniiece,
Program Verification and Code Protection . .
Associated REJISIErS ........cvvvvveeiiiieeiieieeeec e
Programming, Device InStructions ...........c.cccccevveenieennene
PSP.See Parallel Slave Port.
Pulse-Width Modulation. See PWM (CCP Module)
and PWM (ECCP Module).
PUSH ..o
PUSH and POP Instructions .
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