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If the IRCF bits and the INTSRC bit are all clear, the
INTOSC output is not enabled and the IOFS bit will
remain clear; there will be no indication of the current
clock source. The INTRC source is providing the
device clocks.

If the IRCF bits are changed from all clear (thus,
enabling the INTOSC output) or if INTSRC is set, the
IOFS bit becomes set after the INTOSC output
becomes stable. Clocks to the device continue while
the INTOSC source stabilizes after an interval of
TioBST (parameter 39, Table 28-12).

If the IRCF bits were previously at a non-zero value, or
if INTSRC was set before setting SCS1 and the
INTOSC source was already stable, the IOFS bit will
remain set.

FIGURE 3-3:

On transitions from RC_RUN mode to PRI_RUN mode,
the device continues to be clocked from the INTOSC
multiplexer while the primary clock is started. When the
primary clock becomes ready, a clock switch to the
primary clock occurs (see Figure 3-4). When the clock
switch is complete, the IOFS bit is cleared, the OSTS
bit is set and the primary clock is providing the device
clock. The IDLEN and SCS bits are not affected by the
switch. The INTRC source will continue to run if either
the WDT or the Fail-Safe Clock Monitor is enabled.

TRANSITION TIMING TO RC_RUN MODE

INTRC ; \ 1 2 3

QilQ2lQsloalor - ----- - - oo -

~<——— Clock Transition® ———

n-1 n

osc1 /\S\ I\

CPU _ M\

Clock X " .
Peripheral _\ M\ Y/ Y/ Y/ NV Y/ NV NV NV
Clock ; 5 5 5 ; X
Program y . . . . .
Counter pPC ) PC+2 X PC+4 .

Note 1: Clock transition typically occurs within 2-4 Tosc.

FIGURE 3-4: TRANSITION TIMING FROM RC_RUN MODE TO PRI_RUN MODE
b Ql | Q@] Q3 Q4 | Ql--------- -+ Q2/Q3]|Q4]Q1| Q2| Q3
INTOSC . : / : f : A
Multiplexer I/—\:—/—\—/.—\—I/_\—I/—\—:/—\—SJ( S —
: : <_T05|T(1)—>:<_Tp,_,_(i)>: : S o
PLL Clock - A A U
Output ' X ! ! X o I
: . : . . Vi Clock 't 't
CPUClock , . . . : A A A A A A
peiprel 3/ T\ / T\ \_/ T\ Y\ JaUaUaVaVatoten
Clock X ; : X } | j K ) . | . .
Frogram : ; PC * X PC+2 X_Pc+a

SCS1:SCSO0 bits Changed

2: Clock transition typically occurs within 2-4 Tosc.

OSTS bit Set

Notel: TosT =1024 Tosc; TpLL = 2 ms (approx). These intervals are not shown to scale.

DS39646C-page 44

© 2008 Microchip Technology Inc.



PIC18F8722 FAMILY

TABLE 4-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MCLR Resets,
Register Applicable Devices Power-on Reset, WDT Reset,_ Wake-up via WDT
Brown-out Reset RESET Instruction, or Interrupt
Stack Resets

FSR1H 6X27 | 6X22 | 8X27 | 8X22 ---- 0000 ---- 0000 ---- uuuu
FSRI1L 6X27 6X22 | 8X27 | 8X22 XXXX XXXX uuuu uuuu uuuu uuuu
BSR 6X27 | 6X22 | 8X27 | 8X22 ---- 0000 ---- 0000 ---- uuuu
INDF2 6X27 | 6X22 | 8X27 | 8X22 N/A N/A N/A
POSTINC2 6X27 | 6X22 | 8X27 | 8X22 N/A N/A N/A
POSTDEC2 6X27 | 6X22 | 8X27 | 8X22 N/A N/A N/A
PREINC2 6X27 | 6X22 | 8X27 | 8X22 N/A N/A N/A
PLUSW?2 6X27 | 6X22 | 8X27 | 8X22 N/A N/A N/A
FSR2H 6X27 | 6X22 | 8X27 | 8X22 ---- 0000 ---- 0000 ---- uuuu
FSR2L 6X27 6X22 | 8X27 | 8X22 XXXX XXXX uuuu uuuu uuuu uuuu
STATUS 6X27 6X22 | 8X27 | 8X22 - ==X XXXX ---Uu uuuu ---Uu uuuu
TMROH 6X27 | 6X22 | 8X27 | 8X22 0000 0000 0000 0000 uuuu uuuu
TMROL 6X27 6X22 | 8X27 | 8X22 XXXX XXXX uuuu uuuu uuuu uuuu
TOCON 6X27 | 6X22 | 8X27 | 8X22 1111 1111 1111 1111 uuuu uuuu
OSCCON 6X27 | 6X22 | 8X27 | 8X22 0100 g000 0100 000 uuuu uuqu
HLVDCON 6X27 | 6X22 | 8X27 | 8X22 0-00 0101 0-00 0101 u-uu uuuu
WDTCON 6X27 | 6X22 | 8X27 | 8X22 ---- ---0 ---- ---0 ---- ---uU
RCON® 6X27 | 6X22 | 8X27 | 8X22 0g-1 1190 0g-q qquu ug-u gquu
TMR1H 6X27 6X22 | 8X27 | 8X22 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1L 6X27 6X22 | 8X27 | 8X22 XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 6X27 6X22 | 8X27 | 8X22 0000 0000 uOuu uuuu uuuu uuuu
TMR2 6X27 | 6X22 | 8X27 | 8X22 0000 0000 0000 0000 uuuu uuuu
PR2 6X27 6X22 | 8X27 | 8X22 1111 1111 uuuu uuuu uuuu uuuu
T2CON 6X27 | 6X22 | 8X27 | 8X22 - 000 0000 -000 0000 -uuu uuuu
SSP1BUF 6X27 6X22 | 8X27 | 8X22 XXXX XXXX uuuu uuuu uuuu uuuu
SSP1ADD 6X27 | 6X22 | 8X27 | 8X22 0000 0000 0000 0000 uuuu uuuu
SSP1STAT 6X27 | 6X22 | 8X27 | 8X22 0000 0000 0000 0000 uuuu uuuu
SSP1CON1 6X27 | 6X22 | 8X27 | 8X22 0000 0000 0000 0000 uuuu uuuu
SSP1CON2 6X27 | 6X22 | 8X27 | 8X22 0000 0000 0000 0000 uuuu uuuu

Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.
Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in the INTCONXx or PIRXx registers will be affected (to cause wake-up).
2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector
(0008h or 0018h).
3:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are updated with
the current value of the PC. The STKPTR is modified to point to the next location in the hardware stack.
4:  See Table 4-3 for Reset value for specific condition.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not enabled
as PORTA pins, they are disabled and read ‘0.
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TABLE 5-3: REGISTER FILE SUMMARY (CONTINUED)

) . . . . . . . . Value on Details
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOR | on page:
PORTJ® RJ7 RJ6 RJ5 RJ4 RJ3 RJ2 RJ1 RJO XXXX XXXxX| 60,156
PORTH® RH7 RH6 RH5 RH4 RH3 RH2 RH1 RHO 0000 xxxx| 60,154
PORTG — — RG50) RG4 RG3 RG2 RG1 RGO --XX Xxxx| 60,151
PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 RFO x000 0000| 60, 149
PORTE RE7 RE6 RE5 RE4 RE3 RE2 RE1 REO XXXX XXXX| 60,146
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX| 60,143
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XXxX| 60,140
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX| 60,137
PORTA RA7® RA6X RA5 RA4 RA3 RA2 RA1 RAO xx0x 0000| 61,135
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte 0000 0000| 61,252
BAUDCON1 ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 01-0 0-00| 61, 250
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte 0000 0000| 61,252
BAUDCON2 ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 01-0 0-00| 61, 250
ECCP1DEL P1RSEN P1DC6 P1DC5 P1DC4 P1DC3 P1DC2 P1DC1 P1DCO 0000 0000| 61, 200
TMR4 Timer4 Register 0000 0000| 61,178
PR4 Timer4 Period Register 1111 1111 61,178
T4CON — [ 14outpss [ aoutps2 | Taoutpst | TaouTPs0 | TMR4ON | Tackpsi | Tackpso [-000 oooo| 61,178
CCPR4H Capture/Compare/PWM Register 4 High Byte XXXX XXXX| 61,180
CCPRA4L Capture/Compare/PWM Register 4 Low Byte XXXX XXXX| 61,180
CCP4CON — | — | pbcamr | pcao | ccpams | ccpamz | ccpami | ccpamo [--00 oooo| 61,179
CCPR5H Capture/Compare/PWM Register 5 High Byte XXXX XXXX| 61,180
CCPR5L Capture/Compare/PWM Register 5 Low Byte XXXX XXXX| 61,180
CCP5CON — | — ] obcsei | bcseo | cepsms | cepsmz | cepsmi [ cepsmo [--00 oooo| 61,179
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte 0000 0000| 61,252
RCREG2 EUSART2 Receive Register 0000 0000| 61, 260
TXREG2 EUSART2 Transmit Register 0000 0000| 61,257
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 0000 0010| 61,248
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x| 61,249
ECCP3AS ECCP3ASE | ECCP3AS2 | ECCP3AS1 | ECCP3AS0 | PSS3AC1 PSS3ACO PSS3BD1 PSS3BD0O |0000 0000| 61,201
ECCP3DEL P3RSEN P3DC6 P3DC5 P3DC4 P3DC3 P3DC2 P3DC1 P3DCO 0000 0000| 61, 200
ECCP2AS ECCP2ASE | ECCP2AS2 | ECCP2AS1 | ECCP2AS0 | PSS2AC1 PSS2ACO PSS2BD1 PSS2BD0O |0000 0000| 61,201
ECCP2DEL P2RSEN P2DC6 P2DC5 P2DC4 P2DC3 P2DC2 P2DC1 P2DCO 0000 0000| 61, 200
SSP2BUF MSSP2 Receive Buffer/Transmit Register XXXX XXXx| 61,170
SSP2ADD MSSP2 Address Register in 2C™ Slave mode. MSSP2 Baud Rate Reload Register in 12C Master mode. 0000 0000 61,170
SSP2STAT SMP CKE D/A P s RIW UA BF 0000 0000| 61,216
SSP2CON1 wcCoL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO (0000 0000| 61,217
SSP2CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000| 61,218
Legend: X =unknown, u = unchanged, - = unimplemented, q = value depends on condition

Note 1: The SBOREN bit is only available when the BOREN<1:0> Configuration bits = 01; otherwise, this bit reads as ‘0’.
: These registers and/or bits are not implemented on 64-pin devices and are read as ‘0’. Reset values are shown for 80-pin devices;
individual unimplemented bits should be interpreted as *- .
3:  The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 2.6.4 “PLL in
INTOSC Modes”.
4: RA6/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes.
When disabled, these bits read as ‘0’.
5: RGS5 and LATG5 are only available when Master Clear is disabled (MCLRE Configuration bit = 0); otherwise, RG5 and LATGS5 read as ‘0.
Bit 7 and Bit 6 are cleared by user software or by a POR.
7: Bit 21 of TBLPTRU allows access to the device Configuration bits.

o
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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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7.1 External Memory Bus Control

The operation of the interface is controlled by the
MEMCON register (Register 7-1). This register is
available in all program memory operating modes
except Microcontroller mode. In this mode, the register
is disabled and cannot be written to.

The EBDIS bit (MEMCON<7>) controls the operation
of the bus and related port functions. Clearing EBDIS
enables the interface and disables the 1/O functions of
the ports, as well as any other functions multiplexed to
those pins. Setting the bit enables the 1/O ports and
other functions but allows the interface to override
everything else on the pins when an external memory
operation is required. By default, the external bus is
always enabled and disables all other 1/0.

The operation of the EBDIS bit is also influenced by the
program memory mode being used. This is discussed
in more detail in Section 7.4 “Program Memory
Modes and the External Memory Bus”.

The WAIT bits allow for the addition of wait states to
external memory operations. The use of these bits is
discussed in Section 7.3 “Wait States”.

The WM bits select the particular operating mode used
when the bus is operating in 16-bit Data Width mode.
These are discussed in more detail in Section 7.5
“16-Bit Data Width Modes”. These bits have no effect
when an 8-bit Data Width mode is selected.

WM<1:0>: TBLWI Operation with 16-Bit Data Bus

Width Select bits

1x = Word Write mode: TABLATO and TABLAT1 word
output, WRH active when TABLAT1 written

01 = Byte Select mode: TABLAT data copied on both
MSB and LSB; WRH and (UB or LB) will activate

REGISTER 7-1: MEMCON: EXTERNAL MEMORY BUS CONTROL REGISTER
R/W-0 uU-0 R/W-0 R/W-0 uU-0 uU-0 R/W-0 R/W-0
EBDIS — WAIT1 WAITO — — WM1 WMO
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 EBDIS: External Bus Disable bit

1 = External bus enabled when microcontroller accesses external memory;
otherwise, all external bus drivers are mapped as I/O ports
0 = External bus always enabled, 1/0 ports are disabled

bit 6 Unimplemented: Read as ‘0’

bit 5-4 WAIT<1:0>: Table Reads and Writes Bus Cycle Wait Count bits

11 = Table reads and writes will wait O Tcy
10 = Table reads and writes will wait 1 Tcy
01 = Table reads and writes will wait 2 Tcy
00 = Table reads and writes will wait 3 Tcy
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 WM<1:0>: TBLWI Operation with 16-Bit Data Bus Width Select bits

1 = Result was negative
0 = Result was positive
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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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11.2 PORTB, TRISB and
LATB Registers

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

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

EXAMPLE 11-2: INITIALIZING PORTB

CLRF PORTB ; Initialize PORTB by
; clearing output
; data |l atches

CLRF LATB ; Alternate nethod
; to clear output
; data |l atches

MOVLW  OCFh ; Value used to
; initialize data
; direction

MOWF TRISB ; Set RB<3:0> as inputs
; RB<5:4> as outputs
; RB<7:6> as inputs

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

Four of the PORTB pins (RB<7:4>) have an
interrupt-on-change feature. Only pins configured as
inputs can cause this interrupt to occur (i.e., any
RB7:RB4 pin configured as an output is excluded from
the interrupt-on-change comparison). The input pins (of
RB7:RB4) are compared with the old value latched on
the last read of PORTB. The “mismatch” outputs of
RB7:RB4 are ORed together to generate the RB Port
Change Interrupt with Flag bit, RBIF (INTCON<0>).

This interrupt can wake the device from
power-managed modes. The user, in the Interrupt
Service Routine, can clear the interrupt in the following
manner:

a) Any read or write of PORTB (except with the
MOVSF, MOVSS, MOVFF (ANY), PORTB
instruction). This will end the mismatch
condition.

b) Clear flag bit, RBIF.

A mismatch condition will continue to set flag bit, RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit, RBIF, to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

For 80-pin devices, RB3 can be configured as the
alternate peripheral pin for the ECCP2 module by
clearing the CCP2MX Configuration bit. This applies
only when the device is in one of the operating modes
other than the default Microcontroller mode. If the
device is in Microcontroller mode, the alternate
assignment for ECCP2 is RE7. As with other ECCP2
configurations, the wuser must ensure that the
TRISB<3> bit is set appropriately for the intended
operation.

© 2008 Microchip Technology Inc.
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TABLE 17-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, TIMER1 AND TIMER3

Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
INTCON GIE/GIEH | PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
RCON IPEN | SBOREN — RI TO PD POR BOR 56
PIR1 PSPIF ADIF RCL1IF TX1IF SSP1IF | CCP1IF | TMR2IF | TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE | CCP1IE | TMR2IE | TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP | CCP1IP | TMR2IP | TMR1IP 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
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMRA4IF | CCP5IF | CCP4IF | CCP3IF 60
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMRA4IE | CCP5IE | CCP4IE | CCP3IE 60
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMRA4IP | CCP5IP | CCP4IP | CCP3IP 60
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 60
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 60
TRISE TRISE7 | TRISE6 | TRISE5 | TRISE4 | TRISE3 | TRISE2 | TRISE1 | TRISEO 60
TRISG — — — TRISG4 | TRISG3 | TRISG2 | TRISG1 | TRISGO 60
TRISH® TRISH7 | TRISH6 | TRISH5 | TRISH4 | TRISH3 | TRISH2 | TRISH1 | TRISHO 60
TMR1L Timerl Register Low Byte 58
TMR1H Timerl Register High Byte 58
T1CON RD16 | TIRUN |T1CKPS1|T1CKPSO|T10SCEN| TISYNC | TMRICS | TMRION | 58
TMR3H Timer3 Register High Byte 59
TMR3L Timer3 Register Low Byte 59
T3CON RD16 | T3CCP2 | T3CKPS1|T3CKPSO0| T3CCP1 | T3SYNC | TMR3CS | TMR3ON | 59
CCPR1L Enhanced Capture/Compare/PWM Register 1 Low Byte 59
CCPR1H Enhanced Capture/Compare/PWM Register 1 High Byte 59
CCPICON | PIM1 | PIM0 | DCIB1 | DC1BO | CCP1M3 | CCPIM2 [ CCP1ML|CCPIMO| 59
CCPR2L Enhanced Capture/Compare/PWM Register 2 Low Byte 59
CCPR2H Enhanced Capture/Compare/PWM Register 2 High Byte 59
CCP2CON P2M1 P2MO DC2B1 DC2B0 | CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO 59
CCP3CON P3M1 P3MO DC3B1 DC3B0 | CCP3M3 | CCP3M2 | CCP3M1 | CCP3MO 59
CCP4CON — — DC4B1 DC4B0 | CCP4M3 | CCP4M2 | CCP4M1 | CCP4MO 61
CCP5CON — — DC5B1 DC5B0 | CCP5M3 | CCP5M2 | CCP5M1 | CCP5MO 61
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by Capture/Compare, Timerl or Timer3.

Note 1: Implemented on 80-pin devices only.
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TABLE 18-3: PIN CONFIGURATIONS FOR ECCP3

ECCP Mode Cfﬁ;if;:\én RGO RE4 RE3 RG3 RH5 RH4
PIC18F6527/6622/6627/6722 Devices:
Compatible CCP | 00xx 11xx ECCP3 RE4 RE3 RG3/CCP4 N/A N/A
Dual PWM 10xx 11xx P3A P3B RE3 RG3/CCP4 N/A N/A
Quad PWM X1xx 11xX P3A P3B P3C ccpr4/p3pW N/A N/A
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 1, Microcontroller mode:
Compatible CCP | 00xx 11xx ECCP3 RE4 RE3 RG3/CCP4 | RH5/AN13 | RH4/AN12
Dual PWM 10xx 11xx P3A P3B RE3 RG3/CCP4 | RH5/AN13 | RH4/AN12
Quad PWM X1xX 11XX P3A P3B P3C ccP4/P3DW | RH5/AN13 | RH4/AN12
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 0, Microcontroller mode:
Compatible CCP | 00xx 11xx ECCP3 RE4 RE3 RG3/CCP4 | RH5/AN13 | RH4/AN12
Dual PWM 10xx 11xx P3A RE4 RE3 RG3/CCP4 P3B RH4/AN12
Quad PWM X1xx 11xX P3A RE4 RE3 ccp4/p3p® P3B P3C
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 1, all other Program Memory modes:
Compatible CCP | 00xx 11xx ECCP3 AD12® AD10® RG3/CCP4 | RH5/AN13 | RH4/AN12
Dual PWM 10xx 11xx P3A AD12/P3B@ | AD10@ RG3/CCP4 | RH5/AN13 | RH4/AN12
Quad PWM X1xx 11xX P3A AD12/P3B®@ | p3c/AD10M | ccP4/P3DW | RH5/AN13 | RH4/AN12
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 0, all other Program Memory modes:

Compatible CCP | 00xx 11xx ECCP3 AD12® AD10® RG3/CCP4 | RH5/AN13 | RH4/AN12
Dual PWM 10xx 11xx P3A AD12@ AD10@ RG3/CCP4 P3B RH4/AN12
Quad PWM X1xx 11xX P3A AD12® AD10®@  |ccpa/p3p® P3B P3C

Legend: x =Don't care, N/A = Not available. Shaded cells indicate pin assignments not used by ECCP3 in a given mode.
Note 1: With ECCP3in Quad PWM mode, the CCP4 module’s output overrides P3D.
2:  The EMB address bus width will determine whether the pin will perform an EMB or port/peripheral function.
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18.4.7.1 Auto-Shutdown and Automatic

Restart

The Auto-Shutdown feature can be configured to allow
automatic restarts of the module following a shutdown
event. This is enabled by setting the PLRSEN bit of the
ECCP1DEL register (ECCP1DEL<7>).

In Shutdown mode with PLRSEN = 1 (Figure 18-10),
the ECCP1ASE bit will remain set for as long as the
cause of the shutdown continues. When the shutdown
condition clears, the ECCP1ASE bit is cleared. If
P1RSEN =0 (Figure 18-11), once a shutdown condi-
tion occurs, the ECCP1ASE bit will remain set until it is
cleared by firmware. Once ECCP1ASE is cleared, the
Enhanced PWM will resume at the beginning of the
next PWM period.

Writing to the ECCP1ASE bit is disabled
while a shutdown condition is active.

Independent of the P1RSEN bit setting, if the
auto-shutdown source is one of the comparators, the
shutdown condition is a level. The ECCP1ASE bit can-
not be cleared as long as the cause of the shutdown
persists.

Note:

The Auto-Shutdown mode can be forced by writing a ‘1’
to the ECCP1ASE bit.

FIGURE 18-10:

18.4.8 START-UP CONSIDERATIONS

When the ECCP module is used in the PWM mode, the
application hardware must use the proper external
pull-up and/or pull-down resistors on the PWM output
pins. When the microcontroller is released from Reset,
all of the I/O pins are in the high-impedance state. The
external circuits must keep the power switch devices in
the OFF state until the microcontroller drives the 1/0
pins with the proper signal levels or activates the PWM
output(s).

The CCP1M<1:0> bits (CCP1CON<1:0>) allow the
user to choose whether the PWM output signals are
active-high or active-low for each pair of PWM output
pins (P1A/P1C and P1B/P1D). The PWM output
polarities must be selected before the PWM pins are
configured as outputs. Changing the polarity configura-
tion while the PWM pins are configured as outputs is
not recommended since it may result in damage to the
application circuits.

The P1A, P1B, P1C and P1D output latches may not be
in the proper states when the PWM module is initialized.
Enabling the PWM pins for output at the same time as
the ECCP1 module may cause damage to the applica-
tion circuit. The ECCP1 module must be enabled in the
proper output mode and complete a full PWM cycle
before configuring the PWM pins as outputs. The com-
pletion of a full PWM cycle is indicated by the TMR2IF
bit being set as the second PWM period begins.

PWM AUTO-SHUTDOWN (P1RSEN = 1, AUTO-RESTART ENABLED)

'
€

Shutdown Event

ECCP1ASE bit

PWM Period >

]

;—I:

’_i

-

PWM Activity
T T<—Normal PWM—»T T T T
Start of Shutdown Shutdown PWM
PWM Period Event Occurs Event Clears Resumes
FIGURE 18-11: PWM AUTO-SHUTDOWN (P1RSEN = 0, AUTO-RESTART DISABLED)
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19.4.6 MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPM bits in SSPXCON1 and by setting
the SSPEN bit. In Master mode, the SCLx and SDAx
lines are manipulated by the MSSP hardware if the
TRIS bits are set.

Master mode of operation is supported by interrupt
generation on the detection of the Start and Stop con-
ditions. The Stop (P) and Start (S) bits are cleared from
a Reset or when the MSSP module is disabled. Control
of the I2C bus may be taken when the P bit is set, or the
bus is Idle, with both the S and P bits clear.

In Firmware Controlled Master mode, user code
conducts all 12C bus operations based on Start and
Stop bit conditions.

Once Master mode is enabled, the user has six
options.
1. Assert a Start condition on SDAx and SCLx.

2. Assert a Repeated Start condition on SDAx and
SCLx.

3. Write to the SSPxBUF
transmission of data/address.

4. Configure the I1°C port to receive data.

5. Generate an Acknowledge condition at the end
of a received byte of data.

6. Generate a Stop condition on SDAx and SCLx.

register initiating

Note: The MSSP module, when configured in
I2C Master mode, does not allow queueing
of events. For instance, the user is not
allowed to initiate a Start condition and
immediately write the SSPxBUF register to
initiate transmission before the Start condi-
tion is complete. In this case, the
SSPxBUF will not be written to and the
WCOL bit will be set, indicating that a write
to the SSPxBUF did not occur.

The following events will cause the SSP Interrupt Flag
bit, SSPxIF, to be set (and SSP interrupt, if enabled):

« Start condition

 Stop condition

« Data transfer byte transmitted/received

« Acknowledge transmit

* Repeated Start

FIGURE 19-16: MSSP BLOCK DIAGRAM (IZCT"’I MASTER MODE)
< Internal SSPM<3:0>
Data Bus SSPxADD<6:0>
Read Write ‘
‘ SSPXBUF ‘ Baud
Rate
Generator
SDAX Shift ~
|X’ . l/\ SDAX In Clock 5
= SSPxSR 3l
L M L 2[5
o <—| Sb Sb al3
o] L O 2
L g HE
i Start bit, Stop bit, 4G_< = g|e
Q Acknowledge 5 Sle
= |5
o Generate X 2lo
SCLx . 3 ME
> ° i
= O
| e
[ ~
1 Start bit Detect
B Stop bit Detect
SCLx In Write Collision Detect —» Set/Reset S, P (SSPXSTAT), WCOL (SSPXCONL1)
Clock Arbitration Set SSPxIF, BCLxIF
Bus Collision State Counter for Reset ACKSTAT, PEN (SSPxCON2)
end of XMIT/RCV
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20.4 EUSART Synchronous To set up a Synchronous Slave Transmission:
Slave Mode 1. Enable the synchronous slave serial port by
setting bits, SYNC and SPEN, and clearing bit,

Synchronous Slave mode is entered by clearing bit,
CSRC (TXSTAx<7>). This mode differs from the
Synchronous Master mode in that the shift clock is
supplied externally at the CKx pin (instead of being
supplied internally in Master mode). This allows the If 9-bit transmission is desired, set bit, TX9.
device to transfer or receive data while in any low-power Enable the transmission by setting enable bit,
mode. TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.

7. Start transmission by loading data to the

CSRC.
Clear bits, CREN and SREN.
If interrupts are desired, set enable bit, TXXIE.

a s wD

20.4.1 EUSART SYNCHRONOUS
SLAVE TRANSMISSION

The operation of the Synchronous Master and Slave TXREGKX register.

modes is identical, except in the case of Sleep mode. 8. Ifusing interrupts, ensure that the GIE and PEIE
If two words are written to the TXREGx and then the bits in the INTCON register (INTCON<7:6>) are
SLEEP instruction is executed, the following will occur: set.

a) The first word will immediately transfer to the
TSRX register and transmit.

b) The second word will remain in the TXREGx
register.

c) Flag bit, TXxIF, will not be set.

d) When the first word has been shifted out of
TSRX, the TXREGX register will transfer the
second word to the TSRx and flag bit, TXxIF, will
now be set.

e) If enable bit, TXXIE, is set, the interrupt will wake
the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt
vector.

TABLE 20-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Reset

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

on page
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF | CCPl1IF | TMR2IF | TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE | CCPlIE | TMR2IE | TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP | CCP1IP | TMR2IP | TMR1IP 60
TRISC TRISC7 TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 60
TRISG — — — TRISG4 | TRISG3 | TRISG2 | TRISG1 | TRISGO 60
RCSTAX SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
TXREGx EUSARTXx Transmit Register 59
TXSTAX CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONx | ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 61
SPBRGHx |EUSARTx Baud Rate Generator Register High Byte 61
SPBRGX EUSARTx Baud Rate Generator Register Low Byte 59

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave transmission.
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The value in the ADRESH:ADRESL registers is not
modified for a Power-on Reset. The ADRESH:ADRESL
registers will contain unknown data after a Power-on
Reset.

After the A/D module has been configured as desired,
the selected channel must be acquired before the
conversion is started. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 21.1
“A/D Acquisition Requirements”. After this acquisi-
tion time has elapsed, the A/D conversion can be
started. An acquisition time can be programmed to

5. Wait for A/D conversion to complete, by either:
 Polling for the GO/DONE bit to be cleared

OR
» Waiting for the A/D interrupt

6. Read A/D Result registers (ADRESH:ADRESL);

clear bit ADIF, if required.

7. For next conversion, go to step 1 or step 2, as

required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2 TAD is
required before the next acquisition starts.

occur between setting the GO/DONE bit and the actual FIGURE 21-2: A/D TRANSFER FUNCTION
start of the conversion.
The following steps should be followed to perform an A/D 3FFh
conversion: !
1. Configure the A/D module: _SFEN ,
» Configure analog pins, voltage reference and § : !
digital I/O (ADCON1) °© : :
« Select A/D input channel (ADCONO) g : :
« Select A/D acquisition time (ADCON2)  003h , : :
(=] 1 ! '
« Select A/D conversion clock (ADCONZ2) a oozh ! ' .
« Turn on A/D module (ADCONO) L ; : :
2. Configure A/D interrupt (if desired): 001h : X : :
+ Clear ADIF bit : : : : :
« Set ADIE bit 000h 3 : f f i
M O MO M MM m M m Mm
* Set GIE bit Q99999 Q999
3. Wait the required acquisition time (if required). A 838 a
4. Start conversion: . T g 7S
« Set GO/DONE bit (ADCONO register) Analog Input Voliage
FIGURE 21-3: ANALOG INPUT MODEL
VDD .
T Sampling
Switch
________ VT =0.6V
. Rs ' ANX Rc<lk 'SS Rss !
: @ . cen l e - c =25 pF
: . 5pF ‘_ VT=06V +100 nA T o =S
= les
Legend: CPIN = Input Capacitance
VT = Threshold Voltage 6V
_ ; 5V
ILEAKAGE = Leakage Current at the pin due to Voo 4V \
various junctions 3v
RiC = Interconnect Resistance 2v
SS = Sampling Switch
CHOLD = Sample/Hold Capacitance (from DAC) 1 2 3 4
Rss = Sampling Switch Resistance Sampling Switch (kQ)
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FIGURE 23-1: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
VRer+|— CVRSS = 1
I
AVDD
CVRSS =0 8R CVR<3:0>
CVRE R
RZ
RZ
R ? x
16 Steps ! . E v
\ . P ———» CVREF
i &
RZ
RZ
RS -
CVRR } 1 8R
VRer. CVRSS =1 |
~N_ |

23.2 Voltage Reference Accuracy/Error

The full range of voltage reference cannot be realized
due to the construction of the module. The transistors
on the top and bottom of the resistor ladder network
(Figure 23-1) keep CVREF from approaching the refer-
ence source rails. The voltage reference is derived
from the reference source; therefore, the CVREF output
changes with fluctuations in that source. The tested
absolute accuracy of the voltage reference can be
found in Section 28.0 “Electrical Characteristics”.

23.3 Operation During Sleep

When the device wakes up from Sleep through an
interrupt or a Watchdog Timer time-out, the contents of
the CVRCON register are not affected. To minimize
current consumption in Sleep mode, the voltage
reference should be disabled.

23.4 Effects of a Reset

A device Reset disables the voltage reference by
clearing bit, CVREN (CVRCON<7>). This Reset also
disconnects the reference from the RF5 pin by clearing
bit, CVROE (CVRCON<6>), and selects the high-
voltage range by clearing bit, CVRR (CVRCON<5>).
The CVR value select bits are also cleared.

23.5 Connection Considerations

The voltage reference module operates independently
of the comparator module. The output of the reference
generator may be connected to the RF5 pin if the
CVROE bit is set. Enabling the voltage reference out-
put onto RF5 when it is configured as a digital input will
increase current consumption. Connecting RF5 as a
digital output with CVRSS enabled will also increase
current consumption.

The RF5 pin can be used as a simple D/A output with
limited drive capability. Due to the limited current drive
capability, a buffer must be used on the voltage
reference output for external connections to VREF.
Figure 23-2 shows an example buffering technique.
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FIGURE 25-4: FSCM TIMING DIAGRAM
Sample Clock _,—l—l—l—l—l—
Device : : : . Oscillator : :
Clock ! X : ' Failure ! :
Output ! . ! . . .
CM Output ' : ' : ' :
Q %_l . . B
: X ! X ! Failure !
' ) ! ) ! Detected ’;—
OSCFIF : ! : ' : |
CM Test CM Test CM Test
Note: The device clock is normally at a much higher frequency than the sample clock. The relative frequencies in this
example have been chosen for clarity.

25.4.3 FSCM INTERRUPTS IN

POWER-MANAGED MODES

By entering a power-managed mode, the clock
multiplexor selects the clock source selected by the
OSCCON register. Fail-Safe Monitoring of the power-
managed clock source resumes in the power-managed
mode.

If an oscillator failure occurs during power-managed
operation, the subsequent events depend on whether
or not the oscillator failure interrupt is enabled. If
enabled (OSCFIF = 1), code execution will be clocked
by the INTOSC multiplexer. An automatic transition
back to the failed clock source will not occur.

If the interrupt is disabled, subsequent interrupts while
in Idle mode will cause the CPU to begin executing
instructions while being clocked by the INTOSC
source.

25.4.4 POR OR WAKE FROM SLEEP

The FSCM is designed to detect oscillator failure at any
point after the device has exited Power-on Reset
(POR) or low-power Sleep mode. When the primary
device clock is EC, RC or INTRC modes, monitoring
can begin immediately following these events.

For oscillator modes involving a crystal or resonator
(HS, HSPLL, LP or XT), the situation is somewhat
different. Since the oscillator may require a start-up
time considerably longer than the FCSM sample clock
time, a false clock failure may be detected. To prevent
this, the internal oscillator block is automatically config-
ured as the device clock and functions until the primary
clock is stable (the OST and PLL timers have timed
out). This is identical to Two-Speed Start-up mode.
Once the primary clock is stable, the INTRC returns to
its role as the FSCM source.

Note:  The same logic that prevents false oscilla-
tor failure interrupts on POR, or wake from
Sleep, will also prevent the detection of
the oscillator’s failure to start at all follow-
ing these events. This can be avoided by
monitoring the OSTS bit and using a
timing routine to determine if the oscillator

is taking too long to start. Even so, no

oscillator failure interrupt will be flagged.

As noted in Section 25.3.1 “Special Considerations
for Using Two-Speed Start-up”, it is also possible to
select another clock configuration and enter an
alternate power-managed mode while waiting for the
primary clock to become stable. When the new power-
managed mode is selected, the primary clock is
disabled.
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27.2 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for all PIC MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

* Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

» Conditional assembly for multi-purpose
source files

« Directives that allow complete control over the
assembly process

27.3 MPLAB C18 and MPLAB C30
C Compilers

The MPLAB C18 and MPLAB C30 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC18 and PIC24 families of microcon-
trollers and the dsPIC30 and dsPIC33 family of digital
signal controllers. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use not found with other compilers.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

27.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:

« Efficient linking of single libraries instead of many
smaller files

» Enhanced code maintainability by grouping
related modules together

 Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

27.5 MPLAB ASM30 Assembler, Linker
and Librarian

MPLAB ASM30 Assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 C Compiler uses the
assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

» Support for the entire dsPIC30F instruction set
 Support for fixed-point and floating-point data
e Command line interface

* Rich directive set

 Flexible macro language

* MPLAB IDE compatibility

27.6 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C18 and
MPLAB C30 C Compilers, and the MPASM and
MPLAB ASM30 Assemblers. The software simulator
offers the flexibility to develop and debug code outside
of the hardware laboratory environment, making it an
excellent, economical software development tool.
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28.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings(")

Ambient tempPerature UNAET DIBS.........cooiuiiiiiiiiii et st e e e e sneee s -40°C to +125°C
SEOrage tEMPEIALUIE .....ooiiiiiei et e e et e e e e e e s e e e e e e sr e e e e e e s s s n e e e e e s sen e e e e e s e nreeeeeennnnneeens -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD and MCLR) .o -0.3V to (VDD + 0.3V)
Voltage 0N VDD WIth FESPECE 10 WSS ....iiiuiiiiiiiiiiiitiee ettt e et e et e e e s anre e e -0.3V to +7.5V
Voltage 0n MCLR With reSpect t0 VSS (NOTE 2) ..........ooveeeeeeeeeeseieeeeeseeeeseseseses s e 0V to +13.25V
Total power diSSIPALION (NOTE L) ...eeiiirieeeiiiieiiiie ittt e st e st e e e e s e e e et e e s sn e e e snn e e e ane e e nnnneeennneeas 1.0w
Maximum CUITENE OUE OF WSS PN ...eeiiiuiiiiiiiiei ittt ettt et e ettt e s b e e et e e bbe e e sabe e e e beeeeabeeeesbeeeensbeeenns 300 mA
MaXimum CUTENE INEO VDD PN ..ecuviieiiiiiiiteei ittt ee e st e et e e et e s bt e et e e et et e s s bt e et e e e s re e e ns e e e s aneeeeanneeennneeensneeenee 250 mA
Input clamp current, K (V1 < O OF VIS VDD).....coioiieieiiieieieieeieie ettt sttt tesessse st esesesass et esesaessesesese et esesessssesesnsensans +20 mA
Output clamp current, I0K (VO < 0 OF VO 3 VDD) ...ocuiiiuiieiieiietiieiet ettt sttt ese e se st sessesessesaesessesasseseesessesessens 20 mA
Maximum output current SUNK DY @ny 1/O PiN.......c.eoiiiiiieee e et b et 25 mA
Maximum output current sourced BY any 1/O PN ........eeiiiiiiiiiiie e 25 mA
Maximum current SUNK DY @Il POTES ......ooiuiiiiiiie ettt sttt e e st e e s nte e e s sbeeeennbeeene 200 mA
Maximum current SOUICE DY All POITS .......vviiiiieiiei et et e st nr e e e srneeenaee 200 mA

Note 1: Power dissipation is calculated as follows:
Pdis = VDD x {IDD — ¥ I0H} + X {(VDD — VOH) x loH} + (VoL x loL)

2: Voltage spikes below Vss at the RG5/MCLR/VPP pin, inducing currents greater than 80 mA, may cause
latch-up. Thus, a series resistor of 50-100Q2 should be used when applying a “low” level to the RG5/MCLR/
VPP pin, rather than pulling this pin directly to Vss.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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FIGURE 28-9: PROGRAM MEMORY WRITE TIMING DIAGRAM
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| | | | | |
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| ] l 166 —} I > |
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WRL | O |0 | [ o |
— « 157 > —157A—>,
UBor T\ | | | | fa |
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| I | | [ o I
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Operating Conditions: 2.0V < Vcc < 5.5V, -40°C < TA < +125°C unless otherwise stated.
TABLE 28-11: PROGRAM MEMORY WRITE TIMING REQUIREMENTS
Pa’:lim. Symbol Characteristics Min Typ Max | Units
150 TadV2alL |Address Out Valid to ALE | (address setup time) 0.25 Tcy — 10 — — ns
151 TalL2adl |ALE | to Address Out Invalid (address hold time) 5 — — ns
153 TwrH2adl |WRn T to Data Out Invalid (data hold time) 5 — — ns
154 TwrL WRn Pulse Width 0.5Tcy-5 | 0.5 Tecy — ns
156 TadV2wrH |Data Valid before WRn T (data setup time) 0.5Tcy - 10 — — ns
157 ThsV2wrL |Byte Select Valid before WRn { (byte select setup 0.25 Tcy — — ns
time)
157A |TwrH2bsl |WRn T to Byte Select Invalid (byte select hold time) | 0.125 Tcy -5 — — ns
166 TalH2alH |ALE T to ALE T (cycle time) — 0.25Tey| — ns
171 TalH2csL |Chip Enable Active to ALE 0.25 Tey - 20 — — ns
171A | TubL20eH |AD Valid to Chip Enable Active — — 10 ns
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SLEEP .o 356

Standard INStructions ..........cccccoeeveviieieee e, 321

SUBFWB .....oviiiiiiiteiiceie et 356
SUBLW .o 357
SUBWE ..ottt 357
SUBWEB ..ottt 358
SWAPFE .o 358
TBLRD it 359
TBLWT e 360
TSTFSZ e s 361
XORLW .ottt e 361
XORWE ..ottt e 362

INTCON Register
RBIF Bit .ot 137

INTCON REQGISEIS ...coiiiiiiiiieciiieiee e 121

Inter-Integrated Circuit. See 1°C.

Internal Oscillator BIOCK ........ccccoiiiiiiiiiiiiis 34
Adjustment .............. ... 34
INTIO Modes ..... ...34
INTOSC Frequency Drift ...... ....35
INTOSC Output FrequencCy ...........ccccoveiriiieiiiiiecnnen. 34
OSCTUNE REQISTEr ...oviiiiiiiiiiieeieie e 34
PLL in INTOSC MOAES ....coevviiiiiieciieeiieeiie e 35

Internal RC Oscillator
Use With WDT ..o 312

Internet Address
Interrupt Sources

A/D Conversion Complete ........ccocveeiiivieeiiieeiineen, 275
Capture Complete (CCP) .....cccceeiiiriiiiiienie i 181
Compare Complete (CCP) .....ccceevevvcvieiieiiienie e 182
Interrupt-on-Change (RB7:RB4) ........ccocvveevveeennnnn. 137
INTX PIN e 134
PORTB, Interrupt-on-Change ...........ccccceeviniiennnnns 134
TMRO i
TMRO OVErfloW ....cccvveiiiiiiiiiie e 163
TMRL OVErfloW ....ccvveiiiiiiiiiic e 165
TMR2 to PR2 Match (PWM) .......cccccoeviiiniennnn. 184, 192
TMR3 OVerflow .....ccccovviiviiiiiiiiccieieeeen 173,175
TMR4 to PRA MatCh .....oocvvviiiiiiiicicceccceen 178
TMR4 to PR4 Match (PWM) ..., 177
INEEITUPLS ..o 119

Interrupts, Flag Bits
Interrupt-on-Change (RB7:RB4) Flag

(RBIF Bit) ..vecveeiieriinecieereere e 137

INTOSC, INTRC. See Internal Oscillator Block.
TORLW e 344
TORWE ..o e 344
IPR REQISIEIS ...t 130
K
Key Features

Easy MIigration .........ccocueveeiieeiiiiie e 8

Expanded MEmOTY ........cccccceviiiiiiiinie e 7

External Memory Interface ..........cccoceeiieviiniiiniiinnes 8

L

LESR s 345
Low-Voltage ICSP Programming. See Single-Supply
ICSP Programming

M

Master Clear (MCLR) ......cooiiiiiiiiiiiiieee e 51
Master Synchronous Serial Port (MSSP). See MSSP.
Memory

Mode MemOry ACCESS .....ccvveerrirenitieiee et eieee e 64
Memory Maps for PIC18F8722 Family

Program Memory Modes .........cccccooiiniiinicninieiiennnn. 65
Memory Organization

Data Memory ..........

Program Memory

MOAES ..o

Memory Programming Requirements ...........c.cccceevveeennns 393
Microchip Internet Web Site .........ccccceiviiiiiniiiiiiiicce 439
Microcontroller Mode ............ .. 100
Microprocessor Mode ..........cccceevvveeinenn. .. 100
Microprocessor with Boot Block Mode ........... .. 100
Migration from Baseline to Enhanced Devices ................ 426
Migration from High-End to Enhanced Devices ............... 427
Migration from Mid-Range to Enhanced Devices ............ 427
MOVF oo 345

MPLAB ASM30 Assembler, Linker, Librarian .................. 372
MPLAB ICD 2 In-Circuit Debugger ..........cccecvviierieennen. 373
MPLAB ICE 2000 High-Performance

Universal In-Circuit Emulator ............ccccveevineennnnen. 373
MPLAB Integrated Development

Environment Software ...........ccccoeviieiniiiiinneen, 371
MPLAB PM3 Device Programmer .........ccccoevcveeeiieeennnes 373
MPLAB REAL ICE In-Circuit Emulator System ............... 373
MPLINK Obiject Linker/MPLIB Object Librarian ............... 372
MSSP

ACK PUISE ..ooeeoeeeeeeeeeeeeeeeeeeeeeee e,

Control Registers (general)
12C Mode. See I°C Mode.

Module OVEIVIEW ........uveviieiiiiiiiieie e 205
SPI Master/Slave Connection .........cccccceevvvveeeeeennnnns 209
TMR4 Output for Clock Shift ........cccccooivveiiiinieee 178
MULLW ettt ettt 348
MULWE ettt e e ste e e e 348
N
NEGF oottt et e e e e e 349
NOP e 349
(e}
Opcode Field DeSCriptions ...........ccceevieirienieeeiiinieeiee e 322
Oscillator Configuration ...........c.ccvceevvieiienicniie e 31
B e 31
ECIO oot 31
HS e et 31
[ 5] T PSP 31
Internal Oscillator BIOCK ............ceveeiiiiiiiiiiieeeeeciiee. 34
INTIOL ..o,
INTIO2 .
P e et
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