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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

48MHz

I2C, LINbus, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
22

64KB (32K x 16)

FLASH

3.8Kx 8

2.15V ~ 3.6V

A/D 10x10b/12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

28-VQFN Exposed Pad
28-QFN (6x6)
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PIC18FX7J13

TABLE 1: PIC18F47J13 FAMILY TYPES
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PIC18F26J13 | 28 | 64K | 3760 | 19 | 4/4 | 37 | 2 2| Y [ Y [ 10 | 3 [ Y [ N| Y [ Y
PIC18F27J13 | 28 | 128K | 3760 | 19 | 4/4 | 37 | 2 2| Y | Y | 10 | 3 | Y [ N | Y | Y
PIC18F46J13 | 44 | 64K | 3760 | 25 | 4/4 | 37 | 2 [2| Y | Y | 13 | 3 | Y [ Y | Y | Y
PIC18F47J13 | 44 | 128K | 3760 | 25 | 4/4 | 37 | 2 |2 | Y | Y | 13 | 3 | Y [ Y | Y | Y
PIC18LF26J13 | 28 | 64K | 3760 | 19 | 4/4 | 37 | 2 2| Y [ Y | 10 | 3 | N [ N | Y | Y
PIC18LF27J13 | 28 | 128K | 3760 | 19 | 4/4 | 37 | 2 [2 | Y [ Y | 10 | 3 | N [ N | Y [ Y
PIC18LF46J13 | 44 | 64K | 3760 | 25 | 4/4 | 37 | 2 (2| Y [ Y | 13 | 3 | N [ Y | Y [ Y
PIC18LF47J13 | 44 | 128K | 3760 | 25 | 4/4 | 37 | 2 |2 | Y | Y | 13 | 3 | N | Y | Y | Y
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PIC18F47J13 FAMILY

4.7 Ultra Low-Power Wake-up

The Ultra Low-Power Wake-up (ULPWU) on RAO allows
a slow falling voltage to generate an interrupt-on-change
without excess current consumption.

Follow these steps to use this feature:

1. Configure a remappable output pin to output the
ULPOUT signal.

2. Map an INTx interrupt-on-change input function to
the same pin as used for the ULPOUT output func-
tion. Alternatively, in Step 1, configure ULPOUT to
output onto a PORTB interrupt-on-change pin.

3. Charge the capacitor on RAO by configuring the
RAO pin to an output and setting it to ‘1’.

4. Enable interrupt-on-change (PIE bit) for the
corresponding pin selected in Step 2.

5. Stop charging the capacitor by configuring RAO
as an input.

6. Discharge the capacitor by setting the ULPEN
and ULPSINK bits in the WDTCON register.

7. Configure Sleep mode.

8. Enter Sleep mode.

When the voltage on RAO drops below VIL, an interrupt
will be generated, which will cause the device to
wake-up and execute the next instruction.

This feature provides a low-power technique for
periodically waking up the device from Sleep mode.
The time-out is dependent on the discharge time of the
RC circuit on RAO.

When the ULPWU module causes the device to
wake-up from Sleep mode, the ULPLVL (WDTCON<5>)
bit is set. When the ULPWU module causes the device
to wake-up from Deep Sleep, the DSULP
(DSWAKEL<5>) bit is set. Software can check these bits
upon wake-up to determine the wake-up source. Also in
Sleep mode, only the remappable output function,
ULPWU, will output this bit value to an RPn pin for
externally detecting wake-up events.

See Example 4-1 for initializing the ULPWU module.

Note:  For module related bit definitions, see the
WDTCON register in Section 27.2
“Watchdog Timer (WDT)” and the
DSWAKEL register (Register 4-6).
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PIC18F47J13 FAMILY

TABLE 5-2: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
Power-on Reset, Mx;‘; s::::s
Register Applicable Devices Wown'OUt Reset, | -esET Instruction | VaKke-up viaWDT
ake From Deep or Interrupt
Sleep Stack Resets
CM Resets

SPBRGH2 PIC18F2XJ13 | PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
BAUDCON2 PIC18F2XJ13 | PIC18F4XJ13 0100 0-00 0100 0-00 uuuu u-uu
TMR3H PIC18F2XJ13 | PIC18F4XJ13 XXXX XXXX uuuu uuuu uuuu uuuu
TMR3L PIC18F2XJ13 | PIC18F4XJ13 XXXK XKXX uuuu uuuu uuuu uuuu
T3CON PIC18F2XJ13 | PIC18F4XJ13 0000 0000 uuuu uuuu uuuu uuuu
TMR4 PIC18F2XJ13 | PIC18F4XJ13 0000 0000 uuuu uuuu uuuu uuuu
PR4 PIC18F2XJ13 | PIC18F4XJ13 1111 1111 1111 1111 uuuu uuuu
T4CON PIC18F2XJ13 | PIC18F4XJ13 -000 0000 -000 0000 -uuu uuuu
SSP2BUF PIC18F2XJ13 | PIC18F4XJ13 XXXX XXXX uuuu uuuu uuuu uuuu
SSP2ADD PIC18F2XJ13 | PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
SSP2MSK PIC18F2XJ13 | PIC18F4XJ13 1111 1111 1111 1111 uuuu uuuu
SSP2STAT PIC18F2XJ13 | PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
SSP2CON1 PIC18F2XJ13 | PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
SSP2CON2 PIC18F2XJ13 | PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
CMSTAT PIC18F2XJ13 | PIC18F4XJ13 -——= -111 ———= -111 -——- -uuu
PMADDRH(®) — PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
PMDOUT1H®) — PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
PMADDRL — PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
PMDOUT1L — PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
PMDIN1H — PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
PMDIN1L — PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
TXADDRL PIC18F2XJ13 | PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
TXADDRH PIC18F2XJ13 | PIC18F4XJ13 ---- 0000 ---- 0000 ---- uuuu
RXADDRL PIC18F2XJ13 | PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
RXADDRH PIC18F2XJ13 | PIC18F4XJ13 ---- 0000 ---- 0000 ---- uuuu
DMABCL PIC18F2XJ13 | PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
DMABCH PIC18F2XJ13 | PIC18F4XJ13 | —-——- —- o0 | --—= - o0 | --—= - uu
PMCONH PIC18F2XJ13 | PIC18F4XJ13 0--0 0000 0--0 0000 u--u uuuu
PMCONL — PIC18F4XJ13 000- 0000 000- 0000 uuu- uuuu
PMMODEH — PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
PMMODEL — PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
PMDOUT2H — PIC18F4XJ13 0000 0000 0000 0000 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.
Note 1: 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.

»

vector (0008h or 0018h).

9 hw

When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt

One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).
See Table 5-1 for the Reset value for a specific condition.
Not implemented on PIC18F2XJ13 devices.

Not implemented on “LF” devices.
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PIC18F47J13 FAMILY

TABLE 6-4: REGISTER FILE SUMMARY (PIC18F47J13 FAMILY) (CONTINUED)

Addr. | File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘gl';:eB%“R
FDBh PLUSW2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register) — value N/A

of FSR2 offset by W
FDAh |FSR2H — | — | —= ] = [indirectData Memory Address Pointer 2 High Byte 0000
FD%h FSR2L Indirect Data Memory Address Pointer 2 Low Byte XXKXKX KKKX
FD8h |STATUS — | = 1 = 1 ~ T ov z DC c ——-x xxxx
FD7h TMROH Timer0 Register High Byte 0000 0000
FD6h TMROL TimerO Register Low Byte XXXK XKKKX
FD5h TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO 1111 1111
FD3h OSCCON IDLEN IRCF2 IRCF1 IRCFO OSTS — SCS1 SCS0 0110 g100
FD2h CM1CON CON COE CPOL EVPOL1 EVPOLO CREF CCHA1 CCHO 0001 1111
FD1h CM2CON CON COE CPOL EVPOL1 EVPOLO CREF CCH1 CCHO 0001 1111
FDOh |RCON IPEN — CM RI TO PD POR BOR 0-11 11lqq
FCFh TMR1H Timer1 Register High Byte XXKK XXXX
FCEh TMR1L Timer1 Register Low Bytes XXKK XXXX
FCDh T1CON TMR1CS1 | TMR1CS0 | T1CKPS1 | T1CKPSO | T10SCEN | T1SYNC | RD16 | TMR1ON | 0000 0000
FCCh TMR2 Timer2 Register 0000 0000
FCBh PR2 Timer2 Period Register 1111 1111
FCAh |T2CON — | 120UTPs3 | T20UTPS2 | T20UTPS1 | T20UTPSO | TMR20N | T2CKPS1 | T2CKPSO [-000 0000
FCO9h SSP1BUF MSSP1 Receive Buffer/Transmit Register XXKK XXXX
FC8h SSP1ADD MSSP1 Address Register (1°C Slave mode). MSSP1 Baud Rate Reload Register (12C Master mode). 0000 0000
FC8h SSP1MSK MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO 1111 1111
FC7h SSP1STAT SMP CKE D/A P S RW UA BF 0000 0000
FC6h SSP1CON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO | 0000 0000
FC5h SSP1CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000
FC5h SSP1CON2 GCEN ACKSTAT ADMSK5 ADMSK4 ADMSK3 ADMSK2 ADMSK1 SEN 0000 0000
FC4h ADRESH A/D Result Register High Byte XXXK XKKKX
FC3h ADRESL A/D Result Register Low Byte XXXK KKKX
FC2h ADCONO VCFG1 VCFGO CHS3 CHS2 CHS1 CHSO GO/DONE ADON 0000 0000
FC1h ADCON1 ADFM ADCAL ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSO0 0000 0000
FCOh WDTCON REGSLP LVDSTAT ULPLVL VBGOE DS ULPEN ULPSINK SWDTEN | 1gg0 9000
FBFh PSTR1CON CMPL1 CMPLO — STRSYNC STRD STRC STRB STRA 00-0 0001
FBEh ECCP1AS ECCP1ASE | ECCP1AS2 | ECCP1AS1 | ECCP1AS0O | PSS1AC1 PSS1ACO PSS1BD1 PSS1BDO | 0000 0000
FBDh ECCP1DEL P1RSEN P1DC6 P1DC5 P1DC4 P1DC3 P1DC2 P1DC1 P1DCO 0000 0000
FBCh CCPR1H Capture/Compare/PWM Register 1 High Byte XXXX XXXX
FBBh CCPRI1L Capture/Compare/PWM Register 1 Low Byte XXXX KXXX
FBAh CCP1CON P1M1 P1MO DC1B1 DC1B0O CCP1M3 CCP1M2 CCP1M1 CCP1MO | 0000 0000
FBSh PSTR2CON CMPL1 CMPLO — STRSYNC STRD STRC STRB STRA 00-0 0001
FB8h ECCP2AS ECCP2ASE | ECCP2AS2 | ECCP2AS1 | ECCP2AS0 | PSS2AC1 PSS2AC0O PSS2BD1 PSS2BDO0O | 0000 0000
FB7h ECCP2DEL P2RSEN P2DC6 P2DC5 P2DC4 P2DC3 P2DC2 P2DC1 P2DCO 0000 0000
FB6h CCPR2H Capture/Compare/PWM Register 2 High Byte XXXX XXXX
FB5h CCPR2L Capture/Compare/PWM Register 2 Low Byte XXXX XXXX
FB4h CCP2CON P2M1 P2MO DC2B1 DC2B0 CCP2M3 CCP2M2 CCP2M1 CCP2MO | 0000 0000
FB3h CTMUCONH CTMUEN — CTMUSIDL TGEN EDGEN EDGSEQEN IDISSEN CTTRIG |0-00 0000
FB2h CTMUCONL EDG2POL | EDG2SEL1 | EDG2SELO | EDG1POL | EDG1SEL1 | EDG1SELO | EDG2STAT | EDG1STAT | 0000 00xx
FB1h CTMUICON ITRIM5 ITRIM4 ITRIM3 ITRIM2 ITRIM1 ITRIMO IRNG1 IRNGO 0000 0000
FBOh SPBRG1 EUSART1 Baud Rate Generator Register Low Byte 0000 0000
FAFh RCREG1 EUSART1 Receive Register 0000 0000
FAEh TXREG1 EUSART1 Transmit Register 0000 0000
FADh TXSTA1 CSRC | TX9 TXEN SYNC SENDB | BRGH | TRMT TX9D 0000 0010
Note 1: Applicable for 28-pin devices (PIC18F26J13, PIC18F27J13, PIC18LF26J13 and PIC18LF27J13).
2: Applicable for 44-pin devices (PIC18F46J13, PIC18F47J13, PIC18LF46J13 and PIC18LF47J13).
3: Value on POR, BOR.
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TABLE 6-4: REGISTER FILE SUMMARY (PIC18F47J13 FAMILY) (CONTINUED)

Addr. | File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘ggeB%“R
ED6h  |RPOR22(? = = = Remappable Pin RP22 Output Signal Select bits ---0 0000
ED5h |RPOR21(@ — — — Remappable Pin RP21 Output Signal Select bits ---0 0000
ED4h |RPOR20( — — — Remappable Pin RP20 Output Signal Select bits ---0 0000
ED3h |RPOR19( — — — Remappable Pin RP19 Output Signal Select bits ---0 0000
ED2h RPOR18 — — — Remappable Pin RP18 Output Signal Select bits ---0 0000
ED1h RPOR17 — — — Remappable Pin RP17 Output Signal Select bits ---0 0000
EDOh RPOR16 — — — Remappable Pin RP16 Output Signal Select bits ---0 0000
ECFh RPOR15 — — — Remappable Pin RP15 Output Signal Select bits ---0 0000
ECEh |RPOR14 = = = Remappable Pin RP14 Output Signal Select bits -—-0 0000
ECDh RPOR13 — — — Remappable Pin RP13 Output Signal Select bits ---0 0000
ECCh RPOR12 — — — Remappable Pin RP12 Output Signal Select bits ---0 0000
ECBh RPOR11 — — — Remappable Pin RP11 Output Signal Select bits ---0 0000
ECAh RPOR10 — — — Remappable Pin RP10 Output Signal Select bits ---0 0000
EC9h RPOR9 — — — Remappable Pin RP9 Output Signal Select bits ---0 0000
EC8h RPORS8 — — — Remappable Pin RP8 Output Signal Select bits ---0 0000
EC7h RPOR7 — — — Remappable Pin RP7 Output Signal Select bits ---0 0000
EC6h RPORG6 — — — Remappable Pin RP6 Output Signal Select bits ---0 0000
EC5h RPOR5 — — — Remappable Pin RP5 Output Signal Select bits ---0 0000
EC4h RPOR4 — — — Remappable Pin RP4 Output Signal Select bits ---0 0000
EC3h RPOR3 — — — Remappable Pin RP3 Output Signal Select bits ---0 0000
EC2h RPOR2 — — — Remappable Pin RP2 Output Signal Select bits ---0 0000
EC1h RPOR1 — — — Remappable Pin RP1 Output Signal Select bits ---0 0000
ECOh RPORO — — — Remappable Pin RP0O Output Signal Select bits ---0 0000
EBFh PPSCON — — — — — — — IOLOCK | ---—- -—- 0
EBEh — = = = — — — — — (3)
EBDh — = = = — — — — — (3)
EBCh |PMDIS3 CCP10MD | CCP9MD | CCP8MD | CCP7MD | CCP6MD | CCP5MD | CCP4MD — 0000 000-
EBBh  |PMDIS2 — TMR8MD — TMR6MD | TMRSMD | CMP3MD | CMP2MD | CMPIMD |-0-0 0000
EBAh PMDIS1 PSPMD® CTMUMD RTCCMD TMR4MD TMR3MD TMR2MD TMR1MD — 0000 000-
EB%Sh PMDISO ECCP3MD | ECCP2MD | ECCP1MD | UART2MD | UART1MD SPI2MD SPI1MD ADCMD | 0000 0000
EB8h ADCTRIG — — — — — — SRC1 SRCO |--——- -—- 00
EB7h — — — — — — — — — (3)
EB6h — = = = = = = = = (3)
EB5h — — — — — — — — — (3)
EB4h — = = = — — — — — (3)
EB3h — = — — — — — — — (3)
EB2h — — — — — — — — — (3)
EB1h — — — — — — — — — (3)
EBOh — — — — — — — — — (3)

Note 1: Applicable for 28-pin devices (PIC18F26J13, PIC18F27J13, PIC18LF26J13 and PIC18LF27J13).
2: Applicable for 44-pin devices (PIC18F46J13, PIC18F47J13, PIC18LF46J13 and PIC18LF47J13).
3: Value on POR, BOR.
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PIC18F47J13 FAMILY

REGISTER 9-2: INTCON2: INTERRUPT CONTROL REGISTER 2 (ACCESS FF1h)

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 INTEDGH1 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.
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REGISTER 9-11:  PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3 (ACCESS FA3h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SSP2IE BCL2IE RC2IE TX2IE TMRA4IE CTMUIE ‘ TMR3GIE ‘ RTCCIE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 SSP2IE: Master Synchronous Serial Port 2 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 BCL2IE: Bus Collision Interrupt Enable bit (MSSP2 module)
1 = Enabled
0 = Disabled
bit 5 RC2IE: EUSART2 Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4 TX2IE: EUSART2 Transmit Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 TMRA4IE: TMR4 to PR4 Match Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 CTMUIE: Charge Time Measurement Unit (CTMU) Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 TMR3GIE: Timer3 Gate Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 RTCCIE: RTCC Interrupt Enable bit
1 = Enabled
0 = Disabled
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REGISTER 10-30: RPORG6: PERIPHERAL PIN SELECT OUTPUT REGISTER 6 (BANKED EC6h)

u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — RP6R4 RP6R3 RP6R2 | RP6R1 | RP6RO
bit 7 bit 0
Legend: R/W = Readable bit, Writable bit if IOLOCK = 0
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 RP6R<4:0>: Peripheral Output Function is Assigned to RP6 Output Pin bits

(see Table 10-14 for peripheral function numbers)

REGISTER 10-31: RPOR7: PERIPHERAL PIN SELECT OUTPUT REGISTER 7 (BANKED EC7h)

u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — RP7R4 RP7R3 RP7R2 | RP7R1 | RP7RO
bit 7 bit 0
Legend: R/W = Readable bit, Writable bit if IOLOCK = 0
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 RP7R<4:0>: Peripheral Output Function is Assigned to RP7 Output Pin bits

(see Table 10-14 for peripheral function numbers)

REGISTER 10-32: RPORS: PERIPHERAL PIN SELECT OUTPUT REGISTER 8 (BANKED EC8h)

u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — RP8R4 RP8R3 RP8R2 | RP8R1 | RP8RO
bit 7 bit 0
Legend: R/W = Readable bit, Writable bit if IOLOCK = 0
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 RP8R<4:0>: Peripheral Output Function is Assigned to RP8 Output Pin bits

(see Table 10-14 for peripheral function numbers)
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TABLE 11-2: REGISTERS ASSOCIATED WITH PMP MODULE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF
PIR1 PMPIF(?) ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF | TMR1IF
PIE1 PMPIE®? ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE | TMR1IE
IPR1 PMPIP®) ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP | TMR1IP
PMCONH®@ PMPEN = = ADRMUX1 | ADRMUX0 | PTBEEN PTWREN | PTRDEN
PMCONL® CSF1 CSF0 ALP — CS1P BEP WRSP RDSP
PMADDRH(1:2) = CS1  |Parallel Master Port Address High Byte
PMDOUT1H(2) | Parallel Port Out Data High Byte (Buffer 1)
PMADDRL("2/  |Parallel Master Port Address Low Byte
PMDOUTIL("2)  |Parallel Port Out Data Low Byte (Buffer 0)
PMDOUT2H®  |Parallel Port Out Data High Byte (Buffer 3)
PMDOUT2L?®  |Parallel Port Out Data Low Byte (Buffer 2)
PMDIN1H?) Parallel Port In Data High Byte (Buffer 1)
PMDIN1L(®) Parallel Port In Data Low Byte (Buffer 0)
PMDIN2H®?) Parallel Port In Data High Byte (Buffer 3)
PMDIN2L(2) Parallel Port In Data Low Byte (Buffer 2)
PMMODEH® BUSY IRQM1 | IRQMO | INCM1 INCMO MODE16 MODE1 MODEO
PMMODEL(@ WAITB1 | WAITBO |WAITM3 | WAITM2 | WAITM1 WAITMO WAITE1 WAITEO
PMEH®) PTEN15 | PTEN14 | PTEN13 | PTEN12 | PTENM PTEN10 PTEN9 PTENS
PMEL(® PTEN7 PTEN6 | PTEN5 | PTEN4 PTEN3 PTEN2 PTEN1 PTENO
PMSTATH(® IBF IBOV — — IB3F IB2F IB1F IBOF
PMSTATL(? OBE OBUF — — OB3E OB2E OB1E OBOE
PADCFG1 — = — — = RTSECSEL1 | RTSECSELO | PMPTTL
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used during PMP operation.
Note 1: The PMADDRH/PMDOUT1H and PMADDRL/PMDOUT1L register pairs share the physical registers and

addresses, but have different functions determined by the module’s operating mode.
2: These bits and/or registers are only available in 44-pin devices.
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REGISTER 18-3: CCPTMRS2: CCP4-10 TIMER SELECT 2 REGISTER (BANKED F50h)

uU-0 U-0 uU-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0

— — — C10TSELO — COTSELO | CBTSEL1 | C8TSELO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4 C10TSELO: CCP10 Timer Selection bit

0 = CCP10 is based off of TMR1/TMR2
1 = Reserved; do not use

bit 3 Unimplemented: Read as ‘0’
bit 2 CI9TSELO: CCP9 Timer Selection bit
0 = CCP9 is based off of TMR1/TMR2
1 = CCP9 is based off of TMR1/TMR4
bit 1-0 C8TSEL<1:0>: CCP8 Timer Selection bits

00 = CCP8is based off of TMR1/TMR2
01 = CCP8is based off of TMR1/TMR4
10 = CCP8is based off of TMR1/TMR6
11 = Reserved; do not use
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19.4.6 PROGRAMMABLE DEAD-BAND
DELAY MODE

In half-bridge applications, where all power switches
are modulated at the PWM frequency, the power
switches normally require more time to turn off than to
turn on. If both the upper and lower power switches are
switched at the same time (one turned on and the other
turned off), both switches may be on for a short period
until one switch completely turns off. During this brief
interval, a very high current (shoot-through current) will
flow through both power switches, shorting the bridge
supply. To avoid this potentially destructive
shoot-through current from flowing during switching,
turning on either of the power switches is normally
delayed to allow the other switch to completely turn off.

In Half-Bridge mode, a digitally programmable,
dead-band delay is available to avoid shoot-through
current from destroying the bridge power switches. The
delay occurs at the signal transition from the non-active
state to the active state. For an illustration, see
Figure 19-14. The lower seven bits of the associated
ECCPxDEL register (Register 19-5) set the delay
period in terms of microcontroller instruction cycles
(Tcy or 4 Tosc).

FIGURE 19-14: EXAMPLE OF
HALF-BRIDGE PWM

OUTPUT
Period Period

. Pulse Width | | :
PxA®) ! ’—‘ o e N
L I I I
I [ |

| td | I I
PxB® | ™ :‘_| '

' L] M-
i P ')

td = Dead-Band Delay

Note 1: At this time, the TMR2 register is equal to the
PR2 register.

2: Output signals are shown as active-high.

FIGURE 19-15: EXAMPLE OF HALF-BRIDGE APPLICATIONS

Standard Half-Bridge Circuit (“Push-Pull”)

FET
Driver

v+

™S~
PxA e

FET
Driver

]Tﬁ
||
V< +

1 s

Load

PxB I/

.|T$|_
< 4+
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TABLE 20-4: REGISTERS ASSOCIATED WITH 12C OPERATION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR1 PMPIF®) ADIF RC1IF TX1IF SSP1IF CCP1IF | TMR2IF | TMRI1IF
PIE1 PMPIE®) ADIE RC1IE TX1IE SSP1IE CCP1IE | TMR2IE | TMRI1IE
IPR1 PMPIP®) ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP
PIR2 OSCFIF CM2IF CM1IF — BCL1IF HLVDIF TMR3IF CCP2IF
PIE2 OSCFIE CM2IE CM1IE — BCL1IE HLVDIE TMRS3IE CCP2IE
IPR2 OSCFIP CM2IP CM1IP — BCL1IP HLVDIP TMR3IP CCP2IP
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMRAIF CTMUIF TMR3GIF RTCCIF
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMRA4IE CTMUIE | TMR3GIE RTCCIE
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMRA4IP CTMUIP | TMR3GIP RTCCIP
TRISD®) TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
SSP1BUF MSSP1 Receive Buffer/Transmit Register
SSP1ADD MSSP1 Address Register (1°C Slave mode), MSSP1 Baud Rate Reload Register (I2C Master mode)
SSPxMsK( MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO
SSPxCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO
SSPxCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN

GCEN | ACKSTAT | ADMSK5®@ | ADMSK4®@ | ADMSK3®@ | ADMSK2(?) | ADMSK1() SEN

SSPxSTAT SMP CKE D/A P S R/W UA BF
SSP2BUF MSSP2 Receive Buffer/Transmit Register
SSP2ADD MSSP2 Address Register (I2C Slave mode), MSSP2 Baud Rate Reload Register (12C Master mode)
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the MSSPx module in I2C mode.
Note 1: SSPxMSK shares the same address in SFR space as SSPxADD, but is only accessible in certain 1°C Slave

mode operations in 7-Bit Masking mode. See Section 20.5.3.4 “7-Bit Address Masking Mode” for more
details.

2: Alternate bit definitions for use in 12C Slave mode operations only.

3: These bits are only available on 44-pin devices.
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21.3 EUSART Synchronous Master

Mode

The Synchronous Master mode is entered by setting
the CSRC bit (TXSTAx<7>). In this mode, the data is
transmitted in a half-duplex manner (i.e., transmission
and reception do not occur at the same time). When
transmitting data, the reception is inhibited and vice
versa. Synchronous mode is entered by setting bit,
SYNC (TXSTAx<4>). In addition, enable bit, SPEN
(RCSTAx<7>), is set in order to configure the TXx and
RXx pins to CKx (clock) and DTx (data) lines,
respectively.

The Master mode indicates that the processor trans-
mits the master clock on the CKx line. Clock polarity is
selected with the TXCKP bit (BAUDCONx<4>). Setting
TXCKP sets the Idle state on CKx as high, while clear-
ing the bit sets the Idle state as low. This option is
provided to support Microwire devices with this module.

21.3.1 EUSART SYNCHRONOUS MASTER

TRANSMISSION

The EUSART transmitter block diagram is shown in
Figure 21-3. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREGx. The TXREGKx register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREGx (if available).

Once the TXREGx register transfers the data to the
TSR register (occurs in one Tcy), the TXREGXx is empty
and the TXxIF flag bit is set. The interrupt can be
enabled or disabled by setting or clearing the interrupt
enable bit, TXxIE. TXxIF is set regardless of the state
of enable bit, TXxIE; it cannot be cleared in software. It
will reset only when new data is loaded into the
TXREGX register.

While flag bit, TXxIF, indicates the status of the TXREGx
register, another bit, TRMT (TXSTAx<1>), shows the
status of the TSR register. TRMT is a read-only bit which
is set when the TSR is empty. No interrupt logic is tied to
this bit, so the user must poll this bit in order to determine
if the TSR register is empty. The TSR is not mapped in
data memory so it is not available to the user.

To set up a Synchronous Master Transmission:

1. Initialize the SPBRGHx:SPBRGx registers for the
appropriate baud rate. Set or clear the BRG16
bit, as required, to achieve the required baud
rate.

2. Enable the synchronous master serial port by
setting bits, SYNC, SPEN and CSRC.

If interrupts are desired, set enable bit, TXxIE.

If 9-bit transmission is required, set bit, TX9.

Enable the transmission by setting bit, TXEN.

If 9-bit transmission is selected, the ninth bit

should be loaded in bit, TX9D.

7. Start transmission by loading data to the
TXREGX register.

8. Ifusing interrupts, ensure that the GIE and PEIE

bits in the INTCON register (INTCON<7:6>) are

set.

o0

FIGURE 21-11: SYNCHRONOUS TRANSMISSION
af |QZ|Q3|Q4! Q1|Q2|QS|Q4!Q1|QZ|QS|Q4!Q1|Q2|Q3|Q4!Q1|Q2|QS|Q4| |QS|Q4 af |Q2|Q3|Q4 af |QZ|Q3|Q4 af |Qz|Q3|Q4 Qt |Qz|Q3|Q4|Q1 |QZ |Q3|Q4 Q1|QZ|Q3|Q4|
|
RC7/CCP10/PMA4/RX1/ ' !
DT1/RP18 X0 X BT X btz <X 5:>< bit 7 >< B0 X BT X XS DCE,
= L Word 1 — Word 2
RC6/CCPY/PMAS/TX1/CK1/ ,—| ,—\_,—\_I—S W S |—‘—|
RP17 (TXCKP = 0] :
RCB/CCPY/PMAS/TX1/CK1/
RP17 (TXCKP = 1] I_I—I_I—I_S 5—|_|—|_1—|_|—|_|—|_5 5—1_1—
Write to ] ' ] ! )()( (c : '
TXREG1 Reg Write Word 1 * Write Word 2~ * | ' R ' |
TXAIF bit —_— . (¢ :
(Interrupt Flag) ' L ' . )( )( ) ! )J ! .
TRMT bit . . | . cc : cc : :
: T T T D) [ J) [ '
TXEN bit v . : : : (¢ g L
g : - : ) D)
Note: Sync Master mode, SPBRGx = 0; continuous transmission of two 8-bit words. This example is equally applicable to EUSART2
(RPN1/TX2/CK2 and RPn2/RX2/DT2).
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21.4.2 EUSART SYNCHRONOUS SLAVE
RECEPTION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of Sleep, or any
Idle mode and bit, SREN, which is a “don’t care” in
Slave mode.

If receive is enabled by setting the CREN bit prior to
entering Sleep or any Idle mode, then a word may be
received while in this low-power mode. Once the word
is received, the RSR register will transfer the data to the
RCREGXx register. If the RCxIE enable bit is set, the
interrupt generated will wake the chip from the
low-power mode. If the global interrupt is enabled, the
program will branch to the interrupt vector.

To set up a Synchronous Slave Reception:

1. Enable the synchronous master serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.

If interrupts are desired, set enable bit, RCxIE.

If 9-bit reception is desired, set bit, RX9.

To enable reception, set enable bit, CREN.

Flag bit, RCxIF, will be set when reception is

complete. An interrupt will be generated if

enable bit, RCxIE, was set.

6. Read the RCSTAX register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREGXx register.

8. If any error occurred, clear the error by clearing
bit, CREN.

9. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

o bk owbn

TABLE 21-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR1 PMPIF() ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF
PIE1 PMPIE() ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE
IPR1 PMPIP(1) ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CTMUIF | TMR3GIF | RTCCIF
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMRA4IE CTMUIE | TMR3GIE | RTCCIE
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CTMUIP | TMR3GIP | RTCCIP
RCSTAX SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
RCREGx EUSARTXx Receive Register
TXSTAxX CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCONx | ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGHx EUSARTx Baud Rate Generator High Byte
SPBRGx EUSARTx Baud Rate Generator Low Byte
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave reception.

Note 1: These pins are only available on 44-pin devices.
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The module is enabled by setting the HLVDEN bit.
Each time the module is enabled, the circuitry requires
some time to stabilize. The IRVST bit is a read-only bit
that indicates when the circuit is stable. The module
can generate an interrupt only after the circuit is stable
and IRVST is set.

The VDIRMAG bit determines the overall operation of
the module. When VDIRMAG is cleared, the module
monitors for drops in VDD below a predetermined set
point. When the bit is set, the module monitors for rises
in VDD above the set point.

251

When the HLVD module is enabled, a comparator uses
an internally generated reference voltage as the set
point. The set point is compared with the trip point,
where each node in the resistor divider represents a

Operation

trip point voltage. The “trip point” voltage is the voltage
level at which the device detects a high or low-voltage
event, depending on the configuration of the module.

When the supply voltage is equal to the trip point, the
voltage tapped off of the resistor array is equal to the
internal reference voltage generated by the voltage
reference module. The comparator then generates an
interrupt signal by setting the HLVDIF bit.

The trip point voltage is software programmable to any
one of 16 values. The ftrip point is selected by
programming the HLVDL<3:0> bits (HLVDCON<3:0>).

Additionally, the HLVD module allows the user to
supply the trip voltage to the module from an external
source. This mode is enabled when bits, HLVDL<3:0>,
are set to ‘1111, In this state, the comparator input is
multiplexed from the external input pin, HLVDIN. This
gives users flexibility because it allows them to
configure the HLVD interrupt to occur at any voltage in
the valid operating range.

FIGURE 25-1: HLVD MODULE BLOCK DIAGRAM (WITH EXTERNAL INPUT)
Externally Generated
Trip Point - — — — — — — — — — — — — - - — — — - - - — — — -
VDD | |
g/ | Voo HLVDL<3:0> [ HLVDCON |
E | T I Register |
HLVDIN | HLVDEN VDIRMAG |
| iL: |
| |
| < |
| . . X Set |
| = i :) HLVDIF |
| £ . D |
| - |
| |
§ | |
| |
| |
= | |
| |
| — |
| |
| |
| |
| Internal Voltage |
Reference
| 1.2V Typical |
| |
Lo i
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TABLE 28-2: PIC18F47J13 FAMILY INSTRUCTION SET (CONTINUED)

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected

BIT-ORIENTED OPERATIONS
BCF f, b, a |Bit Clear f 1 1001 bbba ffff ffff|None 1,2
BSF f, b, a |BitSetf 1 1000 bbba ffff ffff|None 1,2
BTFSC f, b, a |Bit Test f, Skip if Clear 1(20r3)|1011 bbba ffff f£ffff|None 3,4
BTFSS f, b, a |Bit Test f, Skip if Set 1(20r3)|1010 bbba ffff ffff|None 3,4
BTG f, b, a |Bit Toggle f 1 0111 bbba ffff ffff|None 1,2
CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn nnnn|None
BN n Branch if Negative 1(2) 1110 0110 nnnn nnnn|None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnnn|None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn|None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn|None
BNZ n Branch if Not Zero 1(2) 1110 0001 nnnn nnnn|None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn|None
BRA n Branch Unconditionally 2 1101 Onnn nnnn nnnn|None
BZ n Branch if Zero 1(2) 1110 0000 nnnn nnnn|None
CALL n,s Call Subroutine  1st word 2 1110 110s kkkk kkkk|None

2nd word 1111 kkkk kkkk kkkk|
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100|TO,PD
DAW — Decimal Adjust WREG 1 0000 0000 0000 0111]|C
GOTO n Go to Address  1st word 2 1110 1111 kkkk kkkk|None

2nd word 1111 kkkk kkkk kkkk
NOP — No Operation 1 0000 0000 0000 0000 |None
NOP — No Operation 1 1111 xxxx xxxx xxxx|None 4
POP — Pop Top of Return Stack (TOS) |1 0000 0000 0000 0110|None
PUSH — Push Top of Return Stack (TOS) |1 0000 0000 0000 0101 |None
RCALL n Relative Call 2 1101 1nnn nnnn nnnn|None
RESET Software Device Reset 1 0000 0000 1111 1111 |Al
RETFIE s Return from Interrupt Enable 2 0000 0000 0001 000s|GIE/GIEH,

PEIE/GIEL

RETLW k Return with Literal in WREG 2 0000 1100 kkkk kkkk|None
RETURN s Return from Subroutine 2 0000 0000 0001 001s|None
SLEEP — Go into Standby mode 1 0000 0000 0000 0011|TO,PD

Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be

that value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as an input
and is driven low by an external device, the data will be written back with a ‘0.

2: Ifthis instruction is executed on the TMRO register (and where applicable, d = 1), the prescaler will be cleared
if assigned.

3: If the Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The
second cycle is executed as a NOP.

4: Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP
unless the first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all
program memory locations have a valid instruction.
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RETURN Return from Subroutine
Syntax: RETURN {s}
Operands: s € [0,1]
Operation: (TOS) —» PC;
ifs=1,
(WS) »> W,
(STATUSS) — STATUS,
(BSRS) - BSR,
PCLATU, PCLATH are unchanged
Status Affected: None
Encoding: | 0000 [ 0000 | o001 | oo1s |
Description: Return from subroutine. The stack is
popped and the top of the stack (TOS)
is loaded into the program counter. If
‘s’= 1, the contents of the shadow
registers, WS, STATUSS and BSRS,
are loaded into their corresponding
registers, W, STATUS and BSR. If
‘s’ = 0, no update of these registers
occurs (default).
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No Process POP PC
operation Data from stack
No No No No
operation operation operation operation
Example: RETURN

After Instruction:
PC =TOS

RLCF Rotate Left f through Carry
Syntax: RLCF f{d{a}}
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (f<n>) — dest<n + 1>,
(f<7>) - C,
(C) — dest<0>
Status Affected: C,N,zZ
Encoding: | 0011 ‘ 0lda | ffff ‘ fEff |
Description: The contents of register ‘f’ are rotated
one bit to the left through the Carry flag.
If ‘d" is ‘0’, the result is placed in W. If ‘d’
is ‘1’, the result is stored back in register
‘" (default).
If ‘a’ is ‘0’, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 28.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
| registerf |-+
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: RLCF REG, 0, O
Before Instruction
REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
W = 1100 1100
C = 1
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TBLWT

Table Write

Syntax:
Operands:
Operation:

Status Affected:
Encoding:

Description:

Words:
Cycles:
Q Cycle Activity:

TBLWT (*; *+; *-; +%)
None

if TBLWT*,

(TABLAT) — Holding Register;
TBLPTR — No Change

if TBLWT*+,

(TABLAT) — Holding Register;
(TBLPTR) + 1 — TBLPTR

if TBLWT*-,

(TABLAT) — Holding Register;
(TBLPTR) — 1 —» TBLPTR

if TBLWT+*,

(TBLPTR) + 1 —» TBLPTR;
(TABLAT) — Holding Register

None

0000 0000 0000 1lnn

nn=0 *
:1 * 4
-2 *_
=3 4%

This instruction uses the 3 LSBs of
TBLPTR to determine which of the

8 holding registers the TABLAT is written
to. The holding registers are used to
program the contents of Program Memory
(P.M.). (Refer to Section 6.0 “Memory
Organization” for additional details on
programming Flash memory.)

The TBLPTR (a 21-bit pointer) points to
each byte in the program memory.
TBLPTR has a 2-Mbyte address range.
The LSb of the TBLPTR selects which
byte of the program memory location to
access.

TBLPTR[O] = 0: Least Significant Byte

of Program Memory
Word

TBLPTRI[O] = 1: Most Significant Byte
of Program Memory
Word

The TBLWT instruction can modify the
value of TBLPTR as follows:

* no change

* post-increment

* post-decrement

* pre-increment

Q1 Q2 Q3 Q4

Decode No No No
operationjoperation| operation

No No No No
operation|operationjoperation| operation
(Read (Write to
TABLAT) Holding
Register)

TBLWT Table Write (Continued)
Example 1: TBLWT *+;
Before Instruction
TABLAT = 55h
TBLPTR =  00A356h
HOLDING REGISTER
(00A356h) = FFh
After Instructions (table write completion)
TABLAT = 55h
TBLPTR = 00A357h
HOLDING REGISTER
(00A356h) = 55h
Example 2: TBLWT +%;
Before Instruction
TABLAT = 34h
TBLPTR = 01389Ah
HOLDING REGISTER
(01389Ah) = FFh
HOLDING REGISTER
(01389Bh) = FFh
After Instruction (table write completion)
TABLAT = 34h
TBLPTR = 01389Bh
HOLDING REGISTER
(01389Ah) = FFh
HOLDING REGISTER
(01389Bh) = 34h
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29.6 MPLAB X SIM Software Simulator

The MPLAB X 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 X SIM Software Simulator fully supports
symbolic debugging using the MPLAB XC Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

29.7 MPLAB REAL ICE In-Circuit
Emulator System

The MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs all 8, 16 and 32-bit MCU, and DSC devices
with the easy-to-use, powerful graphical user interface of
the MPLAB X IDE.

The emulator is connected to the design engineer’s
PC using a high-speed USB 2.0 interface and is
connected to the target with either a connector
compatible with in-circuit debugger systems (RJ-11)
or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CATS).

The emulator is field upgradable through future firmware
downloads in MPLAB X IDE. MPLAB REAL ICE offers
significant advantages over competitive emulators
including full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, logic
probes, a ruggedized probe interface and long (up to
three meters) interconnection cables.

29.8 MPLAB ICD 3 In-Circuit Debugger
System

The MPLAB ICD 3 In-Circuit Debugger System is
Microchip’s most cost-effective, high-speed hardware
debugger/programmer for Microchip Flash DSC and
MCU devices. It debugs and programs PIC Flash
microcontrollers and dsPIC DSCs with the powerful,
yet easy-to-use graphical user interface of the MPLAB
IDE.

The MPLAB ICD 3 In-Circuit Debugger probe is
connected to the design engineer’s PC using a high-
speed USB 2.0 interface and is connected to the target
with a connector compatible with the MPLAB ICD 2 or
MPLAB REAL ICE systems (RJ-11). MPLAB ICD 3
supports all MPLAB ICD 2 headers.

29.9 PICKit 3 In-Circuit Debugger/
Programmer

The MPLAB PICkit 3 allows debugging and program-
ming of PIC and dsPIC Flash microcontrollers at a most
affordable price point using the powerful graphical user
interface of the MPLAB IDE. The MPLAB PICkit 3 is
connected to the design engineer’'s PC using a full-
speed USB interface and can be connected to the tar-
get via a Microchip debug (RJ-11) connector (compati-
ble with MPLAB ICD 3 and MPLAB REAL ICE). The
connector uses two device I/O pins and the Reset line
to implement in-circuit debugging and In-Circuit Serial
Programming™ (ICSP™).

29.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages, and a mod-
ular, detachable socket assembly to support various
package types. The ICSP cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices, and incorporates an MMC card for file
storage and data applications.
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