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3.54 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 Ildle modes to allow the CPU to
prepare for execution. Instruction execution resumes
on the first clock cycle following this delay.

TABLE 3-2: 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 @ OSTS
Tcsb
(PRI_IDLE mode) EC, RC
INTOSC® IOFS
LP, XT, HS Tost®
HSPLL TosT + t,,®) OSTS
T10SC or INTRC d
EC, RC Tesp®W
INTOSC® Tiosst® IOFS
LP, XT, HS TosT®)
) HSPLL TosT + t,.® OSTS
INTOSC® -
EC, RC Tesp@W
INTOSC® None IOFS
LP, XT, HS TosT®)
None HSPLL TosT + t,,® OSTS
(Sleep mode) EC, RC Tesp@
INTOSC® Tiost? IOFS

Note 1: TcsD (parameter 38, Table 28-12) is a required delay when waking from Sleep and all Idle modes and runs
concurrently with any other required delays (see Section 3.4 “Idle Modes™).

2. Includes both the INTOSC 8 MHz source and postscaler derived frequencies. On Reset, INTOSC defaults

to 1 MHz.

3: TosT is the Oscillator Start-up Timer (parameter 32, Table 28-12). t,. is the PLL Lock-out Timer
(parameter F12, Table 28-7); it is also designated as TPLL.

4: Execution continues during TIOBST (parameter 39, Table 28-12), the INTOSC stabilization period.

DS39646C-page 48

© 2008 Microchip Technology Inc.



PIC18F8722 FAMILY

REGISTER 4-1: RCON: RESET CONTROL REGISTER

R/W-0 R/W-10) u-0 R/W-1 R-1 R-1 R/W-02) R/W-0
IPEN SBOREN — RI TO PD POR BOR
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 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)
bit 6 SBOREN: BOR Software Enable bit(®

If BOREN<1:0>=01:

1 =BOR is enabled

0 =BOR is disabled

If BOREN<1:0>=00,100r11:

Bit is disabled and read as ‘0’

bit 5 Unimplemented: Read as ‘0’
bit 4 RI: RESET Instruction Flag bit
= The RESET instruction was not executed (set by firmware only)
= The RESET instruction was executed causing a device Reset (must be set in software after a
Brown-out Reset occurs)
bit 3 TO: Watchdog Time-out Flag bit

= Set by power-up, CLRWDT instruction or SLEEP instruction
= A WDT time-out occurred

bit 2 PD: Power-down Detection Flag bit
= Set by power-up or by the CLRWDT instruction
= Set by execution of the SLEEP instruction

bit 1 POR: Power-on Reset Status bit(?)

1 = A Power-on Reset has not occurred (set by firmware only)
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit

1 = A Brown-out Reset has not occurred (set by firmware only)
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

Note 1: If SBOREN is enabled, its Reset state is ‘1’; otherwise, it is ‘0.

2:  The actual Reset value of POR is determined by the type of device Reset. See the notes following this
register and Section 4.6 “Reset State of Registers” for additional information.

Note 1: Itis recommended that the POR bit be set after a Power-on Reset has been detected so that subsequent
Power-on Resets may be detected.

2: Brown-out Reset is said to have occurred when BOR is ‘0’ and POR is ‘1’ (assuming that POR was set to
‘1’ by software immediately after POR).
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5.1.3.2 Return Stack Pointer (STKPTR)

The STKPTR register (Register 5-1) contains the Stack
Pointer value, the STKFUL (Stack Full) status bit and
the STKUNF (Stack Underflow) status bits. The value
of the Stack Pointer can be 0 through 31. The Stack
Pointer increments before values are pushed onto the
stack and decrements after values are popped off the
stack. On Reset, the Stack Pointer value will be zero.
The user may read and write the Stack Pointer value.
This feature can be used by a Real-Time Operating
System (RTOS) for return stack maintenance.

After the PC is pushed onto the stack 31 times (without
popping any values off the stack), the STKFUL bit is
set. The STKFUL bit is cleared by software or by a
POR.

The action that takes place when the stack becomes
full depends on the state of the STVREN (Stack Over-
flow Reset Enable) Configuration bit. (Refer to
Section 25.1 “Configuration Bits” for a description of
the device Configuration bits.) If STVREN is set
(default), the 31st PUSH will push the (PC + 2) value
onto the stack, set the STKFUL bit and reset the
device. The STKFUL bit will remain set and the Stack
Pointer will be set to zero.

If STVREN is cleared, the STKFUL bit will be set on the
31st PUSH and the Stack Pointer will increment to 31.
Any additional pushes will not overwrite the 31st PUSH
and STKPTR will remain at 31.

When the stack has been popped enough times to
unload the stack, the next POP will return a value of
zero to the PC and set the STKUNF bit, while the Stack
Pointer remains at zero. The STKUNF bit will remain
set until cleared by software or until a POR occurs.

Note:  Returning a value of zero to the PC on an
underflow has the effect of vectoring the
program to the Reset vector, where the
stack conditions can be verified and
appropriate actions can be taken. This is
not the same as a Reset, as the contents

of the SFRs are not affected.

5.1.3.3 PUSH and POP Instructions

Since the Top-of-Stack is readable and writable, the
ability to push values onto the stack and pull values off
the stack without disturbing normal program execution
is a desirable feature. The PIC18 instruction set
includes two instructions, PUSH and POP, that permit
the TOS to be manipulated under software control.
TOSU, TOSH and TOSL can be modified to place data
or a return address on the stack.

The PUSH instruction places the current PC value onto
the stack. This increments the Stack Pointer and loads
the current PC value onto the stack.

The POP instruction discards the current TOS by decre-
menting the Stack Pointer. The previous value pushed
onto the stack then becomes the TOS value.

REGISTER 5-1:  STKPTR: STACK POINTER REGISTER
R/C-0 R/C-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFUL® | STKUNF® = SP4 SP3 SP2 SP1 SPO
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

bit 7 STKFUL: Stack Full Flag bit®
1 = Stack became full or overflowed

0 = Stack has not become full or overflowed

bit 6 STKUNF: Stack Underflow Flag bit()

1 = Stack underflow occurred
0 = Stack underflow did not occur

bit 5 Unimplemented: Read as ‘0’
bit 4-0 SP<4:0>: Stack Pointer Location bits

Note 1:

Bit 7 and bit 6 are cleared by user software or by a POR.

© 2008 Microchip Technology Inc.
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5.1.34 Stack Full and Underflow Resets

Device Resets on stack overflow and stack underflow
conditions are enabled by setting the STVREN bit in
Configuration Register 4L. When STVREN is set, a full
or underflow will set the appropriate STKFUL or
STKUNF bit and then cause a device Reset. When
STVREN is cleared, a full or underflow condition will set
the appropriate STKFUL or STKUNF bit, but not cause
a device Reset. The STKFUL or STKUNF bits are
cleared by the user software or a Power-on Reset.

514 FAST REGISTER STACK

A fast register stack is provided for the STATUS,
WREG and BSR registers, to provide a “fast return”
option for interrupts. The stack for each register is only
one level deep and is neither readable nor writable. It is
loaded with the current value of the corresponding reg-
ister when the processor vectors for an interrupt. All
interrupt sources will push values into the Stack regis-
ters. The values in the registers are then loaded back
into their associated registers if the RETFI E, FAST
instruction is used to return from the interrupt.

If both low and high-priority interrupts are enabled, the
stack registers cannot be used reliably to return from
low-priority interrupts. If a high-priority interrupt occurs
while servicing a low-priority interrupt, the Stack regis-
ter values stored by the low-priority interrupt will be
overwritten. In these cases, users must save the key
registers in software during a low-priority interrupt.

Ifinterrupt priority is not used, all interrupts may use the
fast register stack for returns from interrupt. If no inter-
rupts are used, the fast register stack can be used to
restore the STATUS, WREG and BSR registers at the
end of a subroutine call. To use the fast register stack
for a subroutine call, a CALL | abel , FAST instruction
must be executed to save the STATUS, WREG and
BSR registers to the fast register stack. A
RETURN, FAST instruction is then executed to restore
these registers from the fast register stack.

Example 5-1 shows a source code example that uses
the fast register stack during a subroutine call and return.

EXAMPLE 5-2:

EXAMPLE 5-1: FAST REGISTER STACK
CODE EXAMPLE
; STATUS, WREG, BSR
; SAVED | N FAST REG STER
; STACK

CALL SuBl1, FAST

SuBl .

L]
RETURN, FAST ; RESTORE VALUES SAVED
;I N FAST REG STER STACK

515 LOOK-UP TABLES IN PROGRAM
MEMORY

There may be programming situations that require the
creation of data structures, or look-up tables, in
program memory. For PIC18 devices, look-up tables
can be implemented in two ways:

e Computed GOTO
» Table Reads

5151 Computed GOTO

A computed GOTOis accomplished by adding an offset
to the program counter. An example is shown in
Example 5-2.

A look-up table can be formed with an ADDWF PCL
instruction and a group of RETLW nn instructions. The W
register is loaded with an offset into the table before exe-
cuting a call to that table. The first instruction of the called
routine is the ADDWF PCL instruction. The next instruction
executed will be one of the RETLW nn instructions that
returns the value ‘nn’ to the calling function.

The offset value (in WREG) specifies the number of
bytes that the program counter should advance and
should be multiples of 2 (LSb = 0).

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

Note:  The “ADDW PCL” instruction does not
update the PCLATH and PCLATU registers.
A read operation on PCL must be performed

to update PCLATH and PCLATU.

COMPUTED GOTOUSING AN OFFSET VALUE

MAIN.  ORG 0x0000
MOVLW  0x00
CALL TABLE
ORG 0x8000

RLNCF w w

ADDWF PCL
RETLW ‘' A
RETLW 'PB
RETLW ‘' C
RETLW ‘D
RETLW 'FE
END

TABLE MOVF PCL, F ; Asinple read of PCL will update PCLATH, PCLATU
Multiply by 2 to get correct offset in table
Add the nodified offset to force junp into table
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7.5.1 16-BIT BYTE WRITE MODE During a TBLWI instruction cycle, the TABLAT data is
presented on the upper and lower bytes of the
AD<15:0> bus. The appropriate WRH or WRL control
line is strobed on the LSb of the TBLPTR.

Figure 7-1 shows an example of 16-bit Byte Write
mode for PIC18F8527/8622/8627/8722 devices. This
mode is used for two separate 8-bit memories con-
nected for 16-bit operation. This generally includes
basic EPROM and Flash devices. It allows table writes
to byte-wide external memories.

FIGURE 7-1: 16-BIT BYTE WRITE MODE EXAMPLE
D<7:0>
PIC18F8X27/8X22 (MSB) (LSB)
AD<7:0> 373 Al P A<x:0> P A<x:0>
— :
D<15:8 D<7:0>
i P | D<7:0> 44 D<7:0>
CE CE
AD<15:8> < P 373 =y OE WR® OE WR®
ALE
A<19:16>(1) >
CE
OE
WRH
WRL
Address Bus —
Data Bus —

Control Lines

Note 1: Upper-order address lines are used only for 20-bit address widths.
2:  This signal only applies to table writes. See Section 6.1 “Table Reads and Table Writes”.
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7.7 Operation in Power-Managed
Modes

In alternate power-managed Run modes, the external
bus continues to operate normally. If a clock source
with a lower speed is selected, bus operations will run
at that speed. In these cases, excessive access times
for the external memory may result if wait states have
been enabled and added to external memory opera-
tions. If operations in a lower power Run mode are
anticipated, users should provide in their applications
for adjusting memory access times at the lower clock
speeds.

In Sleep and Idle modes, the microcontroller core does
not need to access data; bus operations are sus-
pended. The state of the external bus is frozen with the
address/data pins and most of the control pins holding
at the same state they were in when the mode was
invoked. The only potential changes are the CE, LB
and UB pins which are held at logic high.

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

MEMCON®) | EBDIS = WAITL | WAITO = = WM1 WMO 60
CONFIG3L®| WAIT BW ABW1 | ABWO = = PM1 PMO 302
CONFIG3H | MCLRE — — — — |LPT10SC|ECCPMX®@| CcCP2MX | 303
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the External Memory Bus.

Note 1: This register is not implemented on 64-pin devices.

2:  Unimplemented in PIC18F6527/6622/6627/6722 devices.

© 2008 Microchip Technology Inc.

DS39646C-page 109



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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FIGURE 18-8: PWM DIRECTION CHANGE

SIGNAL <+—— pPeriod) — > «————  Peiod —»

P1A (Active-High)

P1B (Active-High) .

P1C (Active-High)

P1D (Active-High) _ -

'«— DC —'

'«— DC —»' '

Note 1: The direction bit in the ECCP1 Control register (CCP1CON<7>) is written any time during the PWM cycle.
2: When changing directions, the P1A and P1C signals switch before the end of the current PWM cycle at intervals
of 4 Tosc, 16 Tosc or 64 Tosc, depending on the Timer2 prescaler value. The modulated P1B and P1D signals
are inactive at this time.

FIGURE 18-9: PWM DIRECTION CHANGE AT NEAR 100% DUTY CYCLE®
Forward Period t1 Reverse Period
a > - >
P1A ,
PIB < DC -l
P1C :
— i@

External Switch C

—

External Switch D

Potential
Shoot-Through
Current

I
|
PID _ | o DC =!

: — [ |<— = lorr —Ton

Note 1: All signals are shown as active-high.
2: tgy is the turn-on delay of power switch QC and its driver.
3: topr is the turn-off delay of power switch QD and its driver.
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19.4.2 OPERATION

The MSSP module functions are enabled by setting
MSSP Enable bit, SSPEN (SSPxCON1<5>).

The SSPxCON1 register allows control of the I2C
operation. Four mode selection bits (SSPxCON1<3:0>)
allow one of the following I2C modes to be selected:

+ I12C Master mode, clock

« 12C Slave mode (7-bit address)

« 12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address) with Start and
Stop bit interrupts enabled

« 12C Slave mode (10-bit address) with Start and
Stop bit interrupts enabled

« 12C Firmware Controlled Master mode, slave is
Idle

Selection of any 12C mode with the SSPEN bit set
forces the SCLx and SDAXx pins to be open-drain,
provided these pins are programmed as inputs by
setting the appropriate TRISC or TRISD bits. To ensure
proper operation of the module, pull-up resistors must
be provided externally to the SCLx and SDAX pins.

19.4.3 SLAVE MODE

In Slave mode, the SCLx and SDAXx pins must be
configured as inputs (TRISC<4:3> set). The MSSP
module will override the input state with the output data
when required (slave-transmitter).

The 12C Slave mode hardware will always generate an
interrupt on an address match. Through the mode
select bits, the user can also choose to interrupt on
Start and Stop bits

When an address is matched, or the data transfer after
an address match is received, the hardware auto-
matically will generate the Acknowledge (ACK) pulse
and load the SSPxBUF register with the received value
currently in the SSPxSR register.

Any combination of the following conditions will cause
the MSSP module not to give this ACK pulse:

« The Buffer Full bit, BF (SSPxSTAT<0>), was set
before the transfer was received.

» The overflow bit, SSPOV (SSPxCON1<6>), was
set before the transfer was received.

In this case, the SSPxSR register value is not loaded
into the SSPxBUF, but bit SSPxIF is set. The BF bit is
cleared by reading the SSPxBUF register, while bit
SSPOV is cleared through software.

The SCLx clock input must have a minimum high and
low for proper operation. The high and low times of the
I°C specification, as well as the requirement of the
MSSP module, are shown in timing parameter 100 and
parameter 101.

19.4.3.1 Addressing

Once the MSSP module has been enabled, it waits for
a Start condition to occur. Following the Start condition,
the 8 bits are shifted into the SSPxSR register. All
incoming bits are sampled with the rising edge of the
clock (SCLx) line. The value of register SSPxSR<7:1>
is compared to the value of the SSPXADD register. The
address is compared on the falling edge of the eighth
clock (SCLx) pulse. If the addresses match and the BF
and SSPOV bits are clear, the following events occur:

1. The SSPxSR register value is loaded into the
SSPxBUF register.

2. The Buffer Full bit, BF, is set.

An ACK pulse is generated.

4. The MSSP Interrupt Flag bit, SSPxIF, is set (and
interrupt is generated, if enabled) on the falling
edge of the ninth SCLx pulse.

w

In 10-Bit Addressing mode, two address bytes need to
be received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W (SSPxSTAT<2>) must specify a write
so the slave device will receive the second address byte.
For a 10-bit address, the first byte would equal ‘11110
A9 A8 0’, where ‘A9’ and ‘A8’ are the two MSbs of the
address. The sequence of events for 10-bit address is as
follows, with steps 7 through 9 for the slave-transmitter:

1. Receive first (high) byte of address (bits SSPxIF,
BF and UA (SSPxSTAT<1>) are set on address
match).

2. Update the SSPxADD register with second (low)
byte of address (clears bit UA and releases the
SCLx line).

3. Read the SSPxBUF register (clears bit BF) and
clear flag bit SSPxIF.

4. Receive second (low) byte of address (bits
SSPxIF, BF and UA are set).

5. Update the SSPxADD register with the first
(high) byte of address. If match releases SCLx
line, this will clear bit UA.

6. Read the SSPxBUF register (clears bit BF) and
clear flag bit SSPxIF.

7. Receive Repeated Start condition.

8. Receive first (high) byte of address (bits SSPxIF
and BF are set).

9. Read the SSPxBUF register (clears bit BF) and
clear flag bit SSPxIF.

© 2008 Microchip Technology Inc.
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19.4.7 BAUD RATE

In 12C Master mode, the Baud Rate Generator (BRG)
reload value is placed in the lower 7 bits of the
SSPXADD register (Figure 19-17). When a write
occurs to SSPxBUF, the Baud Rate Generator will
automatically begin counting. The BRG counts down to
‘0’ and stops until another reload has taken place. The
BRG count is decremented twice per instruction cycle
(Tcy) on the Q2 and Q4 clocks. In 12C Master mode, the
BRG is reloaded automatically.

Once the given operation is complete (i.e., transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCLx pin
will remain in its last state.

Table 19-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPXxADD.

19.4.7.1 Baud Rate and Module

Interdependence

Because MSSP1 and MSSP2 are independent, they
can operate simultaneously in 1°C Master mode at
different baud rates. This is done by using different
BRG reload values for each module.

Because this mode derives its basic clock source from
the system clock, any changes to the clock will affect
both modules in the same proportion. It may be
possible to change one or both baud rates back to a
previous value by changing the BRG reload value.

FIGURE 19-17: BAUD RATE GENERATOR BLOCK DIAGRAM
SSPM<3:0> j\‘/i SSPxXADD<6:0>
SSPM<3:0> i‘> Reload Reload
—
SCLx —P» Control
CLKO «—‘ BRG Down Counter [«——Fosc/4
TABLE 19-3: 12C™ CLOCK RATE w/BRG
FscL
*
Fosc Fcy Fcy*2 BRG Value (2 Rollovers of BRG)
40 MHz 10 MHz 20 MHz 18h 400 kHzW
40 MHz 10 MHz 20 MHz 1Fh 312.5 kHz
40 MHz 10 MHz 20 MHz 63h 100 kHz
16 MHz 4 MHz 8 MHz 09h 400 kHzW
16 MHz 4 MHz 8 MHz 0Ch 308 kHz
16 MHz 4 MHz 8 MHz 27h 100 kHz
4 MHz 1 MHz 2 MHz 02h 333 kHz(®
4 MHz 1 MHz 2 MHz 09h 100 kHz
4 MHz 1 MHz 2 MHz 00h 1 MHz®

Note 1:

The 12C interface does not conform to the 400 kHz 12C specification (which applies to rates greater than

100 kHz) in all details, but may be used with care where higher rates are required by the application.

DS39646C-page 232
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20.1 Baud Rate Generator (BRG)

The BRG is a dedicated 8-bit or 16-bit generator that
supports both the Asynchronous and Synchronous
modes of the EUSART. By default, the BRG operates
in 8-bit mode; setting the BRG16 bit (BAUDCONXx<3>)
selects 16-bit mode.

The SPBRGHx:SPBRGXx register pair controls the
period of a free running timer. In Asynchronous mode,
bits BRGH (TXSTAx<2>) and BRG16
(BAUDCONx<3>) also control the baud rate. In
Synchronous mode, BRGH is ignored. Table 20-1
shows the formula for computation of the baud rate for
different EUSART modes which only apply in Master
mode (internally generated clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRGHx:SPBRGX registers can
be calculated using the formulas in Table 20-1. From
this, the error in baud rate can be determined. An
example calculation is shown in Example 20-1. Typical
baud rates and error values for the various Asynchro-
nous modes are shown in Table 20-2. It may be

advantageous to use the high baud rate (BRGH = 1) or
the 16-bit BRG to reduce the baud rate error, or
achieve a slow baud rate for a fast oscillator frequency.

Writing a new value to the SPBRGHx:SPBRGX regis-
ters causes the BRG timer to be reset (or cleared). This
ensures the BRG does not wait for a timer overflow
before outputting the new baud rate.

20.11 OPERATION IN POWER-MANAGED
MODES

The device clock is used to generate the desired baud
rate. When one of the power-managed modes is
entered, the new clock source may be operating at a
different frequency. This may require an adjustment to
the value in the SPBRGx register pair.

20.1.2 SAMPLING

The data on the RXx pin (either RC7/RX1/DT1 or RG2/
RX2/DT2) is sampled three times by a majority detect
circuit to determine if a high or a low level is present at
the RXx pin.

TABLE 20-1: BAUD RATE FORMULAS

Configuration Bits
BRG/EUSART Mode Baud Rate Formula
SYNC BRG16 BRGH

0 0 0 8-bit/Asynchronous Fosc/[64 (n + 1)]
0 0 1 8-bit/Asynchronous

- Fosc/[16 (n + 1)]
0 1 0 16-bit/Asynchronous
0 1 1 16-bit/Asynchronous
1 0 X 8-bit/Synchronous Fosc/[4 (n + 1)]
1 1 X 16-bit/Synchronous

Legend: x = Don't care, n = value of SPBRGHx:SPBRGx register pair
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EXAMPLE 20-1: CALCULATING BAUD RATE ERROR

For adevice with Fosc of 16 MHz, desired baud rate of 9600, Asynchronous mode, 8-bit BRG:
Desired Baud Rate =  Fosc/(64 ([SPBRGHx:SPBRGx] + 1))
Solving for SPBRGHx:SPBRGx:

X = ((Fosc/Desired Baud Rate)/64) — 1
= ((16000000/9600)/64) — 1
= [25.042] =25
Calculated Baud Rate= 16000000/(64 (25 + 1))
9615

Error (Calculated Baud Rate — Desired Baud Rate)/Desired Baud Rate

(9615 — 9600)/9600 = 0.16%

TABLE 20-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on page
TXSTAX CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
RCSTAX SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
BAUDCONXx ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 61
SPBRGHXx EUSARTx Baud Rate Generator Register High Byte 59
SPBRGX EUSARTx Baud Rate Generator Register Low Byte 59

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the BRG.
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22.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 22-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input, therefore, must be between
Vss and VDD. If the input voltage deviates from this

range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up condition may
occur. A maximum source impedance of 10 kQ is
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

FIGURE 22-4: COMPARATOR ANALOG INPUT MODEL
VDD
VT = 0.6V RIC
. AN p Comparator
Input
ILEAKAGE
VT =0.6V +500 nA
L ves
Legend: CPIN = Input Capacitance

\a) = Threshold Voltage

ILEAKAGE = Leakage Current at the pin due to various junctions

RiC = Interconnect Resistance

Rs = Source Impedance

VA = Analog Voltage
TABLE 22-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page

CMCON C20UT C10ouUT C2INV C1lINV CIS CM2 CM1 CMO 59
CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO 59
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 60
PIR2 OSCFIF CMIF — EEIF BCL1IF | HLVDIF | TMR3IF | CCP2IF 60
PIE2 OSCFIE CMIE — EEIE BCL1IE | HLVDIE | TMR3IE | CCP2IE 60
IPR2 OSCFIP CMIP — EEIP BCL1IP | HLVDIP | TMR3IP | CCP2IP 60
TRISF TRISF7 TRISF6 TRISF5 | TRISF4 | TRISF3 | TRISF2 | TRISF1 | TRISFO 60
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the comparator module.
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REGISTER 25-1: CONFIG1H: CONFIGURATION REGISTER 1 HIGH (BYTE ADDRESS 300001h)

R/P-0 R/P-0 U-0 U-0 R/P-0 R/P-1 R/P-1 R/P-1
IESO FCMEN — — Fosca | Fosc2 | Fosci | FOsCO
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 IESO: Internal/External Oscillator Switchover bit

1 = Two-Speed Start-up enabled
0 = Two-Speed Start-up disabled
bit 6 FCMEN: Fail-Safe Clock Monitor Enable bit

1 = Fail-Safe Clock Monitor enabled
0 = Fail-Safe Clock Monitor disabled

bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 FOSC<3:0>: Oscillator Selection bits
11xx = External RC oscillator, CLKO function on RA6
101x = External RC oscillator, CLKO function on RA6
1001 = Internal oscillator block, CLKO function on RA6, port function on RA7

1000 = Internal oscillator block, port function on RA6 and RA7
0111 = External RC oscillator, port function on RA6

0110 = HS oscillator, PLL enabled (Clock Frequency = 4 x FOSC1)
0101 = EC oscillator, port function on RA6

0100 = EC oscillator, CLKO function on RA6

0011 = External RC oscillator, CLKO function on RA6

0010 = HS oscillator

0001 = XT oscillator

0000 = LP oscillator
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26.0 INSTRUCTION SET SUMMARY

The PIC18F8722 family of devices incorporates the
standard set of 75 PIC18 core instructions, as well as
an extended set of 8 new instructions for the optimiza-
tion of code that is recursive or that utilizes a software
stack. The extended set is discussed later in this
section.

26.1 Standard Instruction Set

The standard PIC18 instruction set adds many
enhancements to the previous PIC® MCU instruction
sets, while maintaining an easy migration from these
PIC MCU instruction sets. Most instructions are a
single program memory word (16 bits), but there are
four instructions that require two program memory
locations.

Each single-word instruction is a 16-bit word divided
into an opcode, which specifies the instruction type and
one or more operands, which further specify the
operation of the instruction.

The instruction set is highly orthogonal and is grouped
into four basic categories:

» Byte-oriented operations

 Bit-oriented operations

« Literal operations

» Control operations

The PIC18 instruction set summary in Table 26-2 lists
byte-oriented, bit-oriented, literal and control
operations. Table 26-1 shows the opcode field
descriptions.

Most byte-oriented instructions have three operands:
1. The file register (specified by ‘f’)

2. The destination of the result (specified by ‘d’)

3. The accessed memory (specified by ‘a’)

The file register designator ‘f’ specifies which file regis-
ter is to be used by the instruction. The destination
designator ‘d’ specifies where the result of the
operation is to be placed. If ‘d’ is zero, the result is

placed in the WREG register. If ‘d" is one, the result is
placed in the file register specified in the instruction.

All bit-oriented instructions have three operands:

1. The file register (specified by ‘f’)

2. The bit in the file register (specified by ‘b’)

3. The accessed memory (specified by ‘a’)

The bit field designator ‘b’ selects the number of the bit
affected by the operation, while the file register

designator ‘f’ represents the number of the file in which
the bit is located.

The literal instructions may use some of the following
operands:

A literal value to be loaded into a file register
(specified by ‘k’)

» The desired FSR register to load the literal value
into (specified by ‘f")

* No operand required
(specified by ‘—)

The control instructions may use some of the following
operands:

» A program memory address (specified by ‘n’)

» The mode of the CALL or RETURN instructions
(specified by ‘s’)

» The mode of the table read and table write
instructions (specified by ‘m’)

* No operand required
(specified by ‘—)

All instructions are a single word, except for four
double-word instructions. These instructions were
made double-word to contain the required information
in 32 bits. In the second word, the 4 MSbs are 1's. If this
second word is executed as an instruction (by itself), it
will execute as a NOP.

All single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles with the additional instruction cycle(s) executed
as a NOP.

The double word instructions execute in two instruction
cycles.

One instruction cycle consists of four oscillator periods.
Thus, for an oscillator frequency of 4 MHz, the normal
instruction execution time is 1 us. If a conditional test is
true, or the program counter is changed as a result of
an instruction, the instruction execution time is 2 ps.
Two-word branch instructions (if true) would take 3 ps.

Figure 26-1 shows the general formats that the instruc-
tions can have. All examples use the convention ‘nnh’
to represent a hexadecimal number.

The Instruction Set Summary, shown in Table 26-2,
lists the standard instructions recognized by the
Microchip MPASM™ Assembler.

Section 26.1.1 “Standard Instruction Set” provides
a description of each instruction.
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SLEEP Enter Sleep Mode
Syntax: SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT postscaler,
1->T0O,
0—-> PD
Status Affected: TO, PD

Encoding: \ 0000 | 0000 \ 0000 \ 0011 |
Description: The Power-Down status bit (ﬁ) is
cleared. The Time-out status bit (TO)
is set. The Watchdog Timer and its
postscaler are cleared.
The processor is put into Sleep mode
with the oscillator stopped.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No Process Go to
operation Data Sleep
Example: SLEEP
Before Instruction
0 = 2
PD = 2
After Instruction
T0 = 1f
PD = 0

t If WDT causes wake-up, this bit is cleared.

SUBFWB Subtract f from W with Borrow
Syntax: SUBFWB f{,d{a}}
Operands: 0<f<255
d e [0,1]
a e [0,1]
Operation: (W) = (f) - (C) - dest
Status Affected: N, OV, C,DC, Z

Encoding: | o101 | otda | ffff | frff |
Description: Subtract register ‘f’ and Carry flag
(borrow) from W (2's complement
method). If ‘d’ is ‘0’, the result is stored in
W. If 'd" is ‘1", the result is stored 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.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example 1: SUBFW\B REG, 1, O
Before Instruction
REG = 3
w = 2
C = 1
After Instruction
REG = FF
w = 2
C = 0
V4 = 0
N = 1 ;resultis negative
Example 2: SUBFWB REG 0, O
Before Instruction
REG = 2
w = 5
C = 1
After Instruction
REG = 2
w = 3
C = 1
V4 = 0
N = 0 ;resultis positive
Example 3: SUBFW\B REG 1, O
Before Instruction
REG = 1
w = 2
C = 0
After Instruction
REG = 0
w = 2
C = 1
4 = 1 ;resultis zero
N = 0
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27.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:

* Integrated Development Environment
- MPLAB® IDE Software
» Assemblers/Compilers/Linkers
- MPASM™ Assembler
- MPLAB C18 and MPLAB C30 C Compilers
- MPLINK™ Object Linker/
MPLIB™ Obiject Librarian
- MPLAB ASM30 Assembler/Linker/Library
e Simulators
- MPLAB SIM Software Simulator
e Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- MPLAB REAL ICE™ In-Circuit Emulator
« In-Circuit Debugger
- MPLAB ICD 2
« Device Programmers
- PICSTART® Plus Development Programmer
- MPLAB PM3 Device Programmer
- PICkit™ 2 Development Programmer
» Low-Cost Demonstration and Development
Boards and Evaluation Kits

27.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16-bit micro-
controller market. The MPLAB IDE is a Windows®
operating system-based application that contains:

» A single graphical interface to all debugging tools
- Simulator
- Programmer (sold separately)
- Emulator (sold separately)
- In-Circuit Debugger (sold separately)

A full-featured editor with color-coded context

* A multiple project manager

» Customizable data windows with direct edit of
contents

» High-level source code debugging

« Visual device initializer for easy register
initialization

* Mouse over variable inspection

» Drag and drop variables from source to watch
windows

« Extensive on-line help

« Integration of select third party tools, such as
HI-TECH Software C Compilers and IAR
C Compilers

The MPLAB IDE allows you to:

« Edit your source files (either assembly or C)

* One touch assemble (or compile) and download
to PIC MCU emulator and simulator tools
(automatically updates all project information)

« Debug using:

- Source files (assembly or C)
- Mixed assembly and C
- Machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.
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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 othezmse §tated)_
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
' -40°C < TA < +125°C for extended
Pa;\:sm Device Typ Max | Units Conditions
Supply Current (Ibp)®
All devices| 9.0 13 mA -40°C
9.0 13 mA +25°C Fosc =4 MHz,
0 VDD = 4.2V 16 MHz internal
90 | 13 | mA +85°C (PRI_RUN HS+PLL)
Extended devices only| 9.6 15 mA +125°C
All devices| 12 15 mA -40°C
12 | 15 | ma +25°C FosC =4 MHz,
S VDD = 5.0V 16 MHz internal
12 15 | mA +85°C (PRI_RUN HS+PLL)
Extended devices only| 12 17 mA +125°C
All devices 18 235 mA -40°C Fosc = 10 MHz,
19 235 mA +25°C VDD = 4.2V 40 MHz internal
19 235 mA +85°C (PRI_RUN HS+PLL)
All devices| 25 29 mA -40°C Fosc = 10 MHz,
25 29 mA +25°C VDD = 5.0V 40 MHz internal
25 29 mA +85°C (PRI_RUN HS+PLL)

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/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:
OSCl1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD OR Vss;
MCLR = VbD; 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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FIGURE 28-7: CLKO AND I/0 TIMING
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Note: Refer to Figure 28-5 for load conditions.
TABLE 28-9: CLKO AND I/O TIMING REQUIREMENTS
Pzrsm Symbol Characteristic Min Typ Max Units | Conditions
10 TosH2ckL |0SC1 T to CLKO 4 — 75 200 ns | (Note 1)
11 TosH2ckH|0SC1 T to CLKO T — 75 200 ns | (Note 1)
12 TckR CLKO Rise Time — 35 100 ns (Note 1)
13 TckF CLKO Fall Time — 35 100 ns (Note 1)
14 TckL2ioV |CLKO { to Port Out Valid — — |0.5Tcy+20| ns (Note 1)
15 TiIoV2ckH |Port In Valid before CLKO T 0.25Tey + 25| — — ns (Note 1)
16 TckH2i0l  |Port In Hold after CLKO T 0 — — ns (Note 1)
17 TosH2ioV [0SC1 T (Q1 cycle) to Port Out Valid — 50 150 ns
18 TosH2i0l |OSC1 T (Q2cycle)to  |PICI8FXXXX 100 — — ns
18A Port Input Invalid PIC18LFXXXX 200 — — ns |Vop=2.0V
(I/O in hold time)
19 TioV20sH |Port Input Valid to OSC1 T (1/O in setup 0 — — ns
time)
20 TIOR Port Output Rise Time  |PIC18FXXXX — 10 25 ns
20A PIC18LFXXXX — — 60 ns |VbDD =2.0V
21 TIoF Port Output Fall Time PIC18FXXXX — 10 25 ns
21A PIC18LFXXXX — — 60 ns |VbD =2.0V
227 TINP INTX pin High or Low Time Tey — — ns
237 TRBP RB<7:4> Change INTx High or Low Time Tey — — ns
T These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC mode, where CLKO output is 4 x Tosc.
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following informa-
tion:

* Product Support — Data sheets and errata, appli-
cation notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Micro-
chip sales offices, distributors and factory repre-
sentatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a spec-
ified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change Noitifi-
cation and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

 Local Sales Office

* Field Application Engineer (FAE)
 Technical Support

» Development Systems Information Line

Customers should contact their distributor, representa-
tive or field application engineer (FAE) for support.
Local sales offices are also available to help custom-
ers. A listing of sales offices and locations is included in
the back of this document.

Technical support is available through the web site
at: http://support.microchip.com
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