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PIC18F46J11 FAMILY

1.1.4 EXTENDED INSTRUCTION SET

The PIC18F46J11 family implements the optional
extension to the PIC18 instruction set, adding eight
new instructions and an Indexed Addressing mode.
Enabled as a device configuration option, the extension
has been specifically designed to optimize re-entrant
application code originally developed in high-level
languages, such as C.

1.1.5 EASY MIGRATION

Regardless of the memory size, all devices share the
same rich set of peripherals, allowing for a smooth
migration path as applications grow and evolve.

The consistent pinout scheme used throughout the
entire family also aids in migrating to the next larger
device.

The PIC18F46J11 family is also pin compatible with
other PIC18 families, such as the PIC18F4620,
PIC18F4520 and PIC18F45J10. This allows a new
dimension to the evolution of applications, allowing
developers to select different price points within
Microchip’s PIC18 portfolio, while maintaining the
same feature set.

1.2 Other Special Features

* Communications: The PIC18F46J11 family
incorporates a range of serial and parallel
communication peripherals. This device also
includes two independent Enhanced USARTs and
two Master Synchronous Serial Port (MSSP)
modules, capable of both Serial Peripheral Inter-
face (SPI) and [2cm™ (Master and Slave) modes of
operation. The device also has a parallel port and
can be configured to serve as either a Parallel
Master Port (PMP) or as a Parallel Slave Port
(PSP).

* ECCP Modules: All devices in the family
incorporate three Enhanced
Capture/Compare/PWM (ECCP) modules to
maximize flexibility in control applications. Up to
four different time bases may be used to perform
several different operations at once. Each of the
ECCPs offers up to four PWM outputs, allowing for
a total of eight PWMs. The ECCPs also offer many
beneficial features, including polarity selection, pro-
grammable dead time, auto-shutdown and restart
and Half-Bridge and Full-Bridge Output modes.

» 10-Bit A/D Converter: This module incorporates
programmable acquisition time, allowing for a
channel to be selected and a conversion to be
initiated without waiting for a sampling period, and
thus, reducing code overhead.

» Extended Watchdog Timer (WDT): This
enhanced version incorporates a 16-bit prescaler,
allowing an extended time-out range that is stable
across operating voltage and temperature. See
Section 29.0 “Electrical Characteristics” for
time-out periods.

13 Details on Individual Family
Devices

Devices in the PIC18F46J11 family are available in
28-pin and 44-pin packages. Block diagrams for the
two groups are shown in Figure 1-1 and Figure 1-2.
The devices are differentiated from each other in two
ways:

» Flash program memory (three sizes: 16 Kbytes
for the PIC18FX4J11, 32 Kbytes for PIC18FX5J11
devices and 64 Kbytes for PIC18FX6J11)

* 1/O ports (three bidirectional ports on 28-pin
devices, five bidirectional ports on 44-pin devices)

All other features for devices in this family are identical.
These are summarized in Table 1-1 and Table 1-2.

The pinouts for the PIC18F2XJ11 devices are listed in
Table 1-3 and the pinouts for the PIC18F4XJ11 devices
are listed in Table 1-4.

The PIC18F46J11 family of devices provides an
on-chip voltage regulator to supply the correct voltage
levels to the core. Parts designated with an “F” part
number (such as PIC18F46J11) have the voltage
regulator enabled.

These parts can run from 2.15V-3.6V on VDD, but should
have the VDDCORE pin connected to Vss through a
low-ESR capacitor. Parts designated with an “LF” part
number (such as PIC18LF46J11) do not enable the volt-
age regulator. For “LF” parts, an external supply of
2.0V-2.7V has to be supplied to the VDDCORE pin with
2.0V-3.6V supplied to VDD (VDDCORE should never
exceed VDD).

For more details about the internal voltage regulator,
see Section 26.3 “On-Chip Voltage Regulator”.
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6.0 MEMORY ORGANIZATION

There are two types of memory in PIC18 Flash
microcontrollers:

* Program Memory
+ Data RAM

As Harvard architecture devices, the data and program
memories use separate busses; this allows for
concurrent access of the two memory spaces.

Section 7.0 “Flash Program Memory” provides
additional information on the operation of the Flash
program memory.

FIGURE 6-1:

6.1 Program Memory Organization

PIC18 microcontrollers implement a 21-bit program
counter, which is capable of addressing a 2-Mbyte
program memory space. Accessing a location between
the upper boundary of the physically implemented
memory and the 2-Mbyte address returns all ‘0’s (a
NOP instruction).

The PIC18F46J11 family offers a range of on-chip
Flash program memory sizes, from 16 Kbytes (up to
8,192 single-word instructions) to 64 Kbytes
(32,768 single-word instructions).

Figure 6-1 provides the program memory maps for
individual family devices.

MEMORY MAPS FOR PIC18F46J11 FAMILY DEVICES

PC<20:0>

| 21

CALL, CALLW RCALL,

RETURN, RETFIE, RETLW

ADDULNK, SUBULNK

Stack Level 1
3

Stack Level 31

PIC18FX4J11
On-Chip
Memory

PIC18FX5J350
On-Chip
Memory

Config. Words

Config. Words

Unimplemented
Read as ‘0’

Unimplemented
Read as ‘0’

On-Chip 000000h )
Memory
———————————— 003FFFh
——————————— 007FFFh

Note: Sizes of memory areas are not to scale. Sizes of program memory areas are enhanced to show detail.

PIC18FX6J11

Config. Words

00FFFFh

User Memory Space

Unimplemented
Read as ‘0’

1FFFFFF Y
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TABLE 6-4: REGISTER FILE SUMMARY (PIC18F46J11 FAMILY)
. . . . . . . . . Value on Details
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR Psge:
RCREG1 EUSART1 Receive Register 0000 0000 71
TXREG1 EUSART1 Transmit Register 0000 0000 71
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 0000 0010 | 71,328
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 0000 | 71,329
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte 0000 0000 71
RCREG2 EUSART2 Receive Register 0000 0000 71
TXREG2 EUSART2 Transmit Register 0000 0000 71
TXSTA2 CSRC 10 | TXEN | sync | sendB | BRGH TRMT TX9D | 0000 0010 | 71,328
EECON2 Program Memory Control Register 2 (not a physical register) B 71
EECON1 — — WPROG FREE WRERR WREN WR — --00 x00- | 71,105
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CTMUIP TMR3GIP RTCCIP | 1111 1111 | 71,128
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CTMUIF TMR3GIF RTCCIF | 0000 0000 | 71,122
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE CTMUIE TMR3GIE RTCCIE | 0000 0000 | 71,125
IPR2 OSCFIP CM2IP CM1IP — BCL1IP LVDIP TMR3IP CCP2IP 111- 1111 | 71,127
PIR2 OSCFIF CM2IF CM1IF — BCL1IF LVDIF TMR3IF CCP2IF | 000- 0000 | 71,121
PIE2 OSCFIE CM2IE CM1IE — BCL1IE LVDIE TMR3IE CCP2IE | 000- 0000 | 71,124
IPR1 PMPIP®) ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP | 1111 1111 | 71,126
PIR1 PMPIF®) ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF | 0000 0000 | 71, 120
PIE1 PMPIE®) ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE | 0000 0000 | 71,123
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 0000 | 72,329
OSCTUNE INTSRC PLLEN TUN5 TUN4 TUN3 TUN2 TUN1 TUNO 0000 0000 | 72,42
T1GCON TMR1GE T1GPOL T1GTM T1GSPM T1GGO/ T1GVAL T1GSS1 T1GSS0 | 0000 0x00 | 72,202
T1DONE
RTCVALH RTCC Value Register Window High Byte, Based on RTCPTR<1:0> OXXX XXXX 72
RTCVALL RTCC Value Register Window Low Byte, Based on RTCPTR<1:0> OXXX XXXX 72
T3GCON TMR3GE T3GPOL T3GTM T3GSPM T3GGO/ T3GVAL T3GSS1 T3GSSO | 0000 0x00 | 72,216
T3DONE

TRISE — — — — — TRISE2 TRISE1 TRISEO ---- -111 72
TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO 1111 1111 72
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 1111 1111 72
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 72
TRISA TRISA7 TRISA6 TRISA5 — TRISA3 TRISA2 TRISA1 TRISAO 111- 1111 72
ALRMCFG ALRMEN CHIME AMASK3 AMASK2 AMASK1 AMASKO ALRMPTR1 | ALRMPTRO | 0000 0000 | 72, 231
ALRMRPT ARPT7 ARPT6 ARPT5 ARPT4 ARPT3 ARPT2 ARPT1 ARPTO 0000 0000 | 72,232
ALRMVALH Alarm Value Register Window High Byte, Based on ALRMPTR<1:0> XXXX XXXX 72
ALRMVALL Alarm Value Register Window Low Byte, Based on ALRMPTR<1:0> XXXX XXXX 72
LATE — — — — — LATE2 LATE1 LATEO ---- SXXX 72
LATD LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO XXXX XXXX 72
LATC LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATCO XXXX XXXX 72
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO XXXX XXXX 72
LATA LATA7 LATA6 LATA5 — LATA3 LATA2 LATA1 LATAO XXX- XXXX 72
DMACON1 SSCON1 SSCONO TXINC RXINC DUPLEX1 DUPLEX0 DLYINTEN DMAEN 0000 0000 |72, 284
DMATXBUF SPI DMA Transmit Buffer XXXX XXXX 72
Legend: x =unknown, u = unchanged, - = unimplemented, q = value depends on condition, r = reserved. Bold indicates shared access SFRs.
Note 1 Bit 21 of the PC is only available in Serial Programming (SP) modes.

2: Reset value is ‘0’ when Two-Speed Start-up is enabled and ‘1’ if disabled.

3:  The SSPxMSK registers are only accessible when SSPxCON2<3:0> = 1001.

4:  Alternate names and definitions for these bits when the MSSP module is operating in I2C™ Slave mode. See Section 19.5.3.2 “Address

Masking Modes” for details.
5: These bits and/or registers are only available in 44-pin devices; otherwise, they are unimplemented and read as ‘0’. Reset values are shown for
44-pin devices.
6:  The PMADDRH/PMDOUT1H and PMADDRL/PMDOUT 1L register pairs share the same physical registers and addresses, but have different

functions determined by the module’s operating mode. See Section 11.1.2 “Data Registers” for more information.

DS39932D-page 92

© 2011 Microchip Technology Inc.




PIC18F46J11 FAMILY

REGISTER 10-9: RPINR4: PERIPHERAL PIN SELECT INPUT REGISTER 4 (BANKED EEAh)

u-0 u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — TOCKR4 | TOCKR3 | TOCKR2 | TOCKR1 | TOCKRO
bit 7 bit 0
Legend: R/W = Readable, Writable 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 TOCKR<4:0>: Timer0 External Clock Input (TOCKI) to the Corresponding RPn Pin bits

REGISTER 10-10: RPINR6: PERIPHERAL PIN SELECT INPUT REGISTER 6 (BANKED EECh)

u-0 u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — T3CKR4 | T3CKR3 | T3CKR2 | T3CKR1 | T3CKRO
bit 7 bit 0
Legend: R/W = Readable, Writable 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 T3CKR<4:0>: Timer 3 External Clock Input (T3CKI) to the Corresponding RPn Pin bits

REGISTER 10-11: RPINR7: PERIPHERAL PIN SELECT INPUT REGISTER 7 (BANKED EEDh)

u-0 u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — IC1R4 IC1R3 ICtR2 | IC1IR1 | ICIRO
bit 7 bit 0
Legend: R/W = Readable, Writable 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 IC1R<4:0>: Assign Input Capture 1 (ECCP1) to the Corresponding RPn Pin bits
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REGISTER 10-15: RPINR16: PERIPHERAL PIN SELECT INPUT REGISTER 16 (BANKED EF6h)

u-0 u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — RX2DT2R4 | RX2DT2R3 | RX2DT2R2 ‘ RX2DT2R1 | RX2DT2R0
bit 7 bit 0
Legend: R/W = Readable, Writable 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 RX2DT2R<4:0>: EUSART2 Synchronous/Asynchronous Receive (RX2/DT2) to the Corresponding

RPn Pin bits

REGISTER 10-16: RPINR17: PERIPHERAL PIN SELECT INPUT REGISTER 17 (BANKED EF7h)

u-0 u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — CK2R4 CK2R3 CK2R2 | CK2R1 | CK2RO
bit 7 bit 0
Legend: R/W = Readable, Writable 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 CK2R<4:0>: EUSART2 Clock Input (CK2) to the Corresponding RPn Pin bits

REGISTER 10-17: RPINR21: PERIPHERAL PIN SELECT INPUT REGISTER 21 (BANKED EFBh)

u-0 u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — SDI2R4 | SDI2R3 SDI2R2 | SDI2R1 | SDI2RO
bit 7 bit 0
Legend: R/W = Readable, Writable 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 SDI2R<4:0>: Assign SPI2 Data Input (SDI2) to the Corresponding RPn Pin bits
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11.1  Module Registers

The PMP module has a total of 14 Special Function
Registers (SFRs) for its operation, plus one additional
register to set configuration options. Of these, eight
registers are used for control and six are used for PMP
data transfer.

11.1.1 CONTROL REGISTERS
The eight PMP Control registers are:

* PMCONH and PMCONL

* PMMODEH and PMMODEL

* PMSTATL and PMSTATH

* PMEH and PMEL

The PMCON registers  (Register 11-1  and
Register 11-2) control basic module operations, includ-
ing turning the module on or off. They also configure
address multiplexing and control strobe configuration.

The PMMODE registers (Register 11-3 and
Register 11-4) configure the various Master and Slave
modes, the data width and interrupt generation.

The PMEH and PMEL registers (Register 11-5 and
Register 11-6) configure the module’s operation at the
hardware (1/O pin) level.

The PMSTAT registers (Register 11-5 and
Register 11-6) provide status flags for the module’s
input and output buffers, depending on the operating
mode.

REGISTER 11-1: PMCONH: PARALLEL PORT CONTROL REGISTER HIGH BYTE (BANKED F5Fh)(l)

R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PMPEN — — ADRMUX1 ADRMUXO0 PTBEEN ‘ PTWREN ‘ PTRDEN
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 PMPEN: Parallel Master Port Enable bit

1 = PMP enabled
0 = PMP disabled, no off-chip access performed
bit 6-5 Unimplemented: Read as ‘0’
bit 4-3 ADRMUX<1:0>: Address/Data Multiplexing Selection bits
11 = Reserved
10 = All 16 bits of address are multiplexed on PMD<7:0> pins
01 = Lower 8 bits of address are multiplexed on PMD<7:0> pins (only eight bits of address are
available in this mode)
00 = Address and data appear on separate pins (only eight bits of address are available in this mode)
bit 2 PTBEEN: Byte Enable Port Enable bit (16-Bit Master mode)
1 = PMBE port enabled
0 = PMBE port disabled
bit 1 PTWREN: Write Enable Strobe Port Enable bit
1 = PMWR/PMENB port enabled
0 = PMWR/PMENB port disabled
bit 0 PTRDEN: Read/Write Strobe Port Enable bit

1 = PMRD/PMWR port enabled
0 = PMRD/PMWR port disabled

Note 1: This register is only available in 44-pin devices.
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Timer0 can operate as either a timer or a counter. The
mode is selected with the TOCS bit (TOCON<5>). In
Timer mode (TOCS = 0), the module increments on
every clock by default unless a different prescaler value
is selected (see Section 12.3 “Prescaler”). If the
TMRO register is written to, the increment is inhibited
for the following two instruction cycles. The user can
work around this by writing an adjusted value to the
TMRO register.

The Counter mode is selected by setting the TOCS bit
(= 1). In this mode, Timer0O increments either on every
rising edge or falling edge of pin, TOCKIl. The
incrementing edge is determined by the Timer0 Source
Edge Select bit, TOSE (TOCON<4>); clearing this bit
selects the rising edge. Restrictions on the external
clock input are discussed below.

Timer0 Operation

An external clock source can be used to drive TimerO;
however, it must meet certain requirements to ensure
that the external clock can be synchronized with the

internal phase clock (Tosc). There is a delay between
synchronization and the onset of incrementing the
timer/counter.

TimerO Reads and Writes in 16-Bit
Mode

TMROH is not the actual high byte of TimerO in 16-bit
mode. It is actually a buffered version of the real high
byte of TimerO, which is not directly readable nor
writable (refer to Figure 12-2). TMROH is updated with
the contents of the high byte of Timer0 during a read of
TMROL. This provides the ability to read all 16 bits of
Timer0 without having to verify that the read of the high
and low byte were valid, due to a rollover between
successive reads of the high and low byte.

12.2

Similarly, a write to the high byte of Timer0 must also
take place through the TMROH Buffer register. The high
byte is updated with the contents of TMROH when a
write occurs to TMROL. This allows all 16 bits of Timer0
to be updated at once.

FIGURE 12-1: TIMERO BLOCK DIAGRAM (8-BIT MODE)
Fosc/4 0
Sync with Set
1 I%ternal —> TMROIF
TOCKI pin Clocks on Overflow
TOSE (2 Tey Delay)
ToCS 8
TOPS<2:0> 8
PSA < ™ Internal Data Bus
Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.

FIGURE 12-2: TIMERO BLOCK DIAGRAM (16-BIT MODE)
Fosc/4 0
Sync with Set
1 intemal ——|  TMRoL | VRO LeTiRoNF
TOCKI pin Programmable Clocks gh By on Overflow
Prescaler N8
TOSE A (2 Tov Delay)
ToCS 3 \ \ /— Read TMROL
TOPS<2:0> Z_ M ]
PSA Write TMROL
8
TMROH
8

<

> Internal Data Bus

Note: Upon Reset, Timer0Q is enabled in 8-bit mode with clock input from TOCKI max. prescale.
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0 AND ADMSK<5:1>=01011

I2C™ SLAVE MODE TIMING WITH SEN
(RECEPTION, 7-BIT ADDRESS)

FIGURE 19-9:
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1 (RECEPTION, 7-BIT ADDRESS)

I2C™ SLAVE MODE TIMING WITH SEN

FIGURE 19-15:
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TABLE 19-4: REGISTERS ASSOCIATED WITH I2C™ OPERATION
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 69
PIR1 PMPIF®) ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 72
PIE1 PMPIE® ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE | TMR1IE 72
IPR1 PMPIP®) ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP | TMR1IP 72
PIR2 OSCFIF CM2IF CM1IF — BCL1IF LVDIF TMR3IF CCP2IF 72
PIE2 OSCFIE CM2IE CM1IE — BCL1IE LVDIE TMR3IE CCP2IE 72
IPR2 OSCFIP CM2IP CM1IP — BCL1IP LVDIP TMR3IP CCP2IP 72
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF | CTMUIF | TMR3GIF | RTCIF 72
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE | CTMUIE | TMR3GIE| RTCIE 72
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP | CTMUIP | TMR3GIP| RTCIP 72
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 72
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 72
SSP1BUF |MSSP1 Receive Buffer/Transmit Register 70
SSPXADD  |MSSP1 Address Register (I2C™ Slave mode), MSSP1 Baud Rate Reload Register (12C Master mode)| 70, 73
SSPxMsK® | MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO | 70,73
SSPxCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 70,73
SSPxCON2 GCEN ACKSTAT | ACKDT ACKEN RCEN PEN RSEN SEN 70,73
GCEN | ACKSTAT |ADMSK5®@ | ADMSK4® | ADMSK3() | ADMSK2( | ADMSK1@ | SEN

SSPxSTAT SMP CKE D/A P S R/W UA BF 70,73
SSP2BUF |MSSP2 Receive Buffer/Transmit Register 73
SSP2ADD |MSSP2 Address Register (IZC Slave mode), MSSP2 Baud Rate Reload Register (IZC Master mode) 73
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the MSSPx module in 2C™ mode.
Note 1: SSPxMSK shares the same address in SFR space as SSPxADD, but is only accessible in certain I2C Slave mode

operations in 7-Bit Masking mode. See Section 19.5.3.4 “7-Bit Address Masking Mode” for more details.

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

3: These bits are only available on 44-pin devices.
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TABLE 20-3: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)

SYNC =0,BRGH=0,BRG16=1

iﬁg Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)

0.3 0.300 0.00 8332 0.300 0.02 4165 0.300 0.02 2082 0.300 -0.04 1665
1.2 1.200 0.02 2082 1.200 -0.03 1041 1.200 -0.03 520 1.201 -0.16 415
24 2.402 0.06 1040 2.399 -0.03 520 2.404 0.16 259 2.403 -0.16 207

9.6 9.615 0.16 259 9.615 0.16 129 9.615 0.16 64 9.615 -0.16 51
19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19.230 -0.16 25
57.6 58.140 0.94 42 56.818  -1.36 21 56.818  -1.36 10 55.555 3.55 8
1156.2 | 113.636 -1.36 21 113.636  -1.36 10 125.000 8.51 4 — — —

SYNC =0,BRGH=0,BRG16=1

BRQ%E’ FOSC = 4.000 MHz FosC = 2.000 MHz Fosc = 1.000 MHz
(K) Actual o SPBRG | Actual o SPBRG | Actual o SPBRG
Rate 0 value Rate 0 value Rate % value
(K) Error (decimal) (K) Error (decimal) (K) Error (decimal)

0.3 0.300 0.04 832 0.300 -0.16 415 0.300 -0.16 207
1.2 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51
24 2.404 0.16 103 2.403 -0.16 51 2.403 -0.16 25

9.6 9.615 0.16 25 9.615 -0.16 12 — — —
19.2 19.231 0.16 12 — — — — — —
57.6 62.500 8.51 3 — — — — — —
115.2 | 125.000 8.51 1 — — — — — —

SYNC =0,BRGH=1,BRG16=10r SYNC=1,BRG16=1

iﬁg Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
(K) Actual % SPBRG | Actual o SPBRG | Actual o SPBRG | Actual o SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)

0.3 0.300 0.00 33332 0.300 0.00 16665 0.300 0.00 8332 0.300 -0.01 6665
1.2 1.200 0.00 8332 1.200 0.02 4165 1.200 0.02 2082 1.200 -0.04 1665
24 2.400 0.02 4165 2.400 0.02 2082 2.402 0.06 1040 2.400 -0.04 832
9.6 9.606 0.06 1040 9.596 -0.03 520 9.615 0.16 259 9.615 -0.16 207
19.2 19.193  -0.03 520 19.231 0.16 259 19.231 0.16 129 19.230 -0.16 103
57.6 57.803 0.35 172 57.471 -0.22 86 58.140 0.94 42 57.142 0.79 34
1156.2 | 114.943 -0.22 86 116.279  0.94 42 113.636  -1.36 21 117.647 -2.12 16

SYNC =0,BRGH=1,BRG16=10r SYNC=1,BRG16=1

BAUD

RATE Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal)

0.3 0.300 0.01 3332 0.300 -0.04 1665 0.300 -0.04 832
1.2 1.200 0.04 832 1.201 -0.16 415 1.201 -0.16 207
24 2.404 0.16 415 2.403 -0.16 207 2.403 -0.16 103
9.6 9.615 0.16 103 9.615 -0.16 51 9.615 -0.16 25

19.2 19.231 0.16 51 19.230 -0.16 25 19.230 -0.16 12
57.6 58.824 212 16 55.555 3.55 8 — — —
1152 | 111111 -3.55 8 — — — — — —
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TABLE 20-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Values
on Page:
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 69
PIR1 PMPIF(D) ADIF RC1IF TX1IF SSP1IF | CCP1IF | TMR2IF | TMR1IF 72
PIE1 PMPIE®D ADIE RC1IE TX1IE SSP1IE | CCP1IE | TMR2IE | TMR1IE 72
IPR1 PMPIP() ADIP RC1IP TX1IP SSP1IP | CCP1IP | TMR2IP | TMR1IP 72
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMRA4IF | CTMUIF | TMR3GIF | RTCCIF 72
PIE3 SSP2IE BCL2IE RC2IE TX2IE | TMR4IE | CTMUIE | TMR3GIE | RTCCIE 72
IPR3 SSP2IP BCL2IP RC2IP TX2IP | TMR4IP | CTMUIP | TMR3GIP | RTCCIP 72
RCSTAx SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 72
RCREGx EUSARTXx Receive Register 72
TXSTAX CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 72
BAUDCONx | ABDOVF RCIDL RXDTP | TXCKP | BRG16 — WUE ABDEN 73
SPBRGHx | EUSARTx Baud Rate Generator Register High Byte 72
SPBRGx EUSARTx Baud Rate Generator Register Low Byte 72
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
Note 1. These bits are only available on 44-pin devices.

20.2.4 AUTO-WAKE-UP ON SYNC BREAK

CHARACTER

During Sleep mode, all clocks to the EUSART are
suspended. Because of this, the BRG is inactive and a
proper byte reception cannot be performed. The
auto-wake-up feature allows the controller to wake-up
due to activity on the RXx/DTx line while the EUSART
is operating in Asynchronous mode.

The auto-wake-up feature is enabled by setting the
WUE bit (BAUDCONx<1>). Once set, the typical
receive sequence on RXx/DTx is disabled and the
EUSART remains in an Idle state, monitoring for a
wake-up event independent of the CPU mode. A
wake-up event consists of a high-to-low transition on
the RXx/DTx line. (This coincides with the start of a
Sync Break or a Wake-up Signal character for the
LIN/J2602 protocol.)

Following a wake-up event, the module generates an
RCxIF interrupt. The interrupt is generated synchro-
nously to the Q clocks in normal operating modes
(Figure 20-8) and asynchronously if the device is in
Sleep mode (Figure 20-9). The interrupt condition is
cleared by reading the RCREGx register.

© 2011 Microchip Technology Inc.
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24.2 HLVD Setup

To set up the HLVD module:

1. Disable the module by clearing the HLVDEN bit
(HLVDCON<4>).

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

3. Set the VDIRMAG bit to detect one of the
following:

» High voltage (VDIRMAG = 1)
* Low voltage (VDIRMAG = 0)

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

5. Clear the HLVD Interrupt Flag, LVDIF
(PIR2<2>), which may have been set from a
previous interrupt.

6. If interrupts are desired, enable the HLVD
interrupt by setting the HLVDIE and GIE/GIEH
bits (PIE2<2> and INTCON<7>).

An interrupt will not be generated until the
IRVST bit is set.

24.3 Current Consumption

When the module is enabled, the HLVD comparator
and voltage divider are enabled and will consume static
current. The total current consumption, when enabled,
is specified in electrical specification parameter D022B
(AlHLVD) (Section 29.2 “DC Characteristics: Power-
Down and Supply Current PIC18F46J11 Family
(Industrial)”).

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

24.4 HLVD Start-up Time

The internal reference voltage of the HLVD module,
specified in electrical specification parameter D420
(see Table 29-8 in Section 29.0 “Electrical Charac-
teristics”), may be used by other internal circuitry,
such as the Programmable Brown-out Reset (BOR).

If the HLVD or other circuits using the voltage reference
are disabled to lower the device’s current consumption,
the reference voltage circuit will require time to become
stable before a low or high-voltage condition can be
reliably detected. This start-up time, TIRvVST, is an
interval that is independent of device clock speed. It is
specified in electrical specification parameter 36
(Table 29-15).

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

Module

A unique feature on board the CTMU module is its
ability to generate system clock independent output
pulses based on an external capacitor value. This is
accomplished using the internal comparator voltage
reference module, Comparator 2 input pin and an
external capacitor. The pulse is output onto the CTPLS
pin. To enable this mode, set the TGEN bit.

An example use of this feature is for interfacing with
variable capacitive-based sensors, such as a humidity
sensor. As the humidity varies, the pulse width output
on CTPLS will vary. The CTPLS output pin can be con-
nected to an input capture pin and the varying pulse
width is measured to determine the humidity in the
application.

Follow these steps to use this feature:
1. Initialize Comparator 2.

Set CPOL = 1.

Initialize the comparator voltage reference.
Initialize the CTMU and enable time delay
generation by setting the TGEN bit.

Set EDG1STAT.

When CpULSE charges to the value of the voltage
reference trip point, an output pulse is generated

See Figure 25-4 for an example circuit. CPULSE is 2
chosen by the user to determine the output pulse width 3.
on CTPLS. The pulse width is calculated by 4
T=(CpuLsE/)*V, where | is known from the current
source measurement step (Section 25.3.1 “Current
Source Calibration”) and V is the internal reference 6.
voltage (CVREF).

o

on CTPLS.
FIGURE 25-4: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR PULSE
DELAY GENERATION
PIC18F46J11 Device
[ _cTMU
CTED1 [X}——F EDG1 ——t+—»X] cTPLS
| |
@ |
"~ TCurrent Source &
‘Comparator | |
CleBjEii :
|
|
cruse | " oveer |
| |
25.7 Operation During Sleep/Idle module is performing an operation when Idle mode is

Modes
25.7 1 SLEEP MODE AND DEEP SLEEP
MODES

When the device enters any Sleep mode, the CTMU
module current source is always disabled. If the CTMU
is performing an operation that depends on the current
source when Sleep mode is invoked, the operation may
not terminate correctly. Capacitance and time
measurements may return erroneous values.

25.7.2 IDLE MODE

The behavior of the CTMU in Idle mode is determined
by the CTMUSIDL bit (CTMUCONH<5>). If CTMUSIDL
is cleared, the module will continue to operate in Idle
mode. If CTMUSIDL is set, the module’s current source
is disabled when the device enters Idle mode. If the

invoked, in this case, the results will be similar to those
with Sleep mode.

25.8 Effects of a Reset on CTMU

Upon Reset, all registers of the CTMU are cleared. This
leaves the CTMU module disabled, its current source is
turned off and all configuration options return to their
default settings. The module needs to be re-initialized
following any Reset.

If the CTMU is in the process of taking a measurement at
the time of Reset, the measurement will be lost. A partial
charge may exist on the circuit that was being measured,
and should be properly discharged before the CTMU
makes subsequent attempts to make a measurement.
The circuit is discharged by setting and then clearing the
IDISSEN bit (CTMUCONH<1>) while the A/D Converter
is connected to the appropriate channel.

DS39932D-page 390
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26.4 Two-Speed Start-up

The Two-Speed Start-up feature helps to minimize the
latency period, from oscillator start-up to code execu-
tion, by allowing the microcontroller to use the INTRC
oscillator as a clock source until the primary clock
source is available. It is enabled by setting the IESO
Configuration bit.

Two-Speed Start-up should be enabled only if the
primary oscillator mode is HS or HSPLL
(Crystal-Based) modes. Since the EC and ECPLL
modes do not require an Oscillator Start-up Timer
(OST) delay, Two-Speed Start-up should be disabled.

When enabled, Resets and wake-ups from Sleep mode
cause the device to configure itself to run from the inter-
nal oscillator block as the clock source, following the
time-out of the Power-up Timer after a Power-on Reset
is enabled. This allows almost immediate code
execution while the primary oscillator starts and the
OST is running. Once the OST times out, the device
automatically switches to PRI_RUN mode.

In all other power-managed modes, Two-Speed
Start-up is not used. The device will be clocked by the
currently selected clock source until the primary clock
source becomes available. The setting of the IESO bit
is ignored.

FIGURE 26-3: TIMING TRANSITION FOR TWO-SPEED START-UP (INTRC TO HSPLL)
;o | @2l a3 Q4 . Ql - - = Q2|Q3|Q4]| Q1| Q2| Q3
INTRC Z / ' e e W
oso1 A, L
! X <_TOS'T(1)—>.<_TPL|_(E)>: Co
PLL Clock - : Z : ' = i
Output : | j ‘ o
, . - . , Clock T
e aWalahe A
CPU Clock : . , : /_\_/_\_/_\J_\_/_\_/—\_/—\_
Perstent 3/ \/ T\ S\ T\ JaUaUaVaVat ety
Clock X T ' X | j K K . ' . .
Flogram Pcf. ¥ PC+2 X PC+4 Y _PC+6
Wake from Interrupt Event OSTS bit Set

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

26.4.1 SPECIAL CONSIDERATIONS FOR

USING TWO-SPEED START-UP

While using the INTRC oscillator in Two-Speed
Start-up, the device still obeys the normal command
sequences for entering power-managed modes,
including serial SLEEP instructions (refer to
Section 4.1.4 “Multiple Sleep Commands”). In
practice, this means that user code can change the
SCS<1:0> bit settings or issue SLEEP instructions
before the OST times out. This would allow an applica-
tion to briefly wake-up, perform routine “housekeeping”
tasks and return to Sleep before the device starts to
operate from the primary oscillator.

User code can also check if the primary clock source is
currently providing the device clocking by checking the
status of the OSTS bit (OSCCON<3>). If the bit is set,
the primary oscillator is providing the clock. Otherwise,
the internal oscillator block is providing the clock during
wake-up from Reset or Sleep mode.

26.5 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) allows the
microcontroller to continue operation in the event of an
external oscillator failure by automatically switching the
device clock to the internal oscillator block. The FSCM
function is enabled by setting the FCMEN Configuration
bit.

When FSCM is enabled, the INTRC oscillator runs at
all times to monitor clocks to peripherals and provide a
backup clock in the event of a clock failure. Clock
monitoring (shown in Figure 26-4) is accomplished by
creating a sample clock signal, which is the INTRC out-
put divided by 64. This allows ample time between
FSCM sample clocks for a peripheral clock edge to
occur. The peripheral device clock and the sample
clock are presented as inputs to the clock monitor latch.
The clock monitor is set on the falling edge of the
device clock source but cleared on the rising edge of
the sample clock.

© 2011 Microchip Technology Inc.
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COMF Complement f
Syntax: COMF f{d{,a}}
Operands: 0<f<255
d e [0,1]
a e [0,1]
Operation: f— dest
Status Affected: N, Z
Encoding: | o001 | 11da [ ffif [ fff |
Description: The contents of register ‘f’ are
complemented. If ‘d’ is ‘0’, the result is
stored in W. If 'd’ is ‘1’, the result is
stored back in register ‘f’ (default).
If ‘@’ 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 27.2.3 “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: COVF REG 0, O
Before Instruction
REG = 13h
After Instruction
REG = 13h
w = ECh

CPFSEQ

Compare f with W, Skip if f =W

Syntax:
Operands:

Operation:

Status Affected:
Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

CPFSEQ f{a}

0<f<255

ae[0,1]

(f)— (W),

skip if (f) = (W)

(unsigned comparison)

None

| 0110 [o01a | ffff [ ffff |
Compares the contents of data mem-

ory location ‘f to the contents of W by
performing an unsigned subtraction.

If ‘€ = W, then the fetched instruction is
discarded and a NOP is executed
instead, making this a two-cycle
instruction.

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

1

1(2)

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSEQ REG, 0
NEQUAL
EQUAL
Before Instruction
PC Address = HERE
W = ?
REG = ?
After Instruction
If REG = W
PC =  Address (EQUAL)
If REG =z W,
PC =  Address ( NEQUAL)
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NEGF Negate f

Syntax: NEGF f{a}

Operands: 0<f<255
a e [0,1]

Operation: H+1of

Status Affected: N, OV, C,DC, zZ

Encoding: | o110 | 110a | feff | ffff |

Description: Location ‘f’ is negated using two’s
complement. The result is placed in the
data memory location ‘f".
If ‘a’is ‘0’, the Access Bank is selected.
If ‘@’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 27.2.3 “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

register ‘f’ Data register ‘f’

Example: NEGF REG 1

Before Instruction

REG

REG

= 0011 1010 [3Ah]
After Instruction
= 1100 0110 [C6h]

NOP No Operation
Syntax: NOP
Operands: None
Operation: No operation
Status Affected: None
Encoding: 0000 0000 0000 0000
1111 XXXX XXXX XXXX
Description: No operation.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation

Example:
None.

© 2011 Microchip Technology Inc.
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RETFIE Return from Interrupt RETLW Return Literal to W
Syntax: RETFIE {s} Syntax: RETLW k
Operands: s € [0,1] Operands: 0<k<255
Operation: (TOS) —» PC, Operation: k—> W,
1 — GIE/GIEH or PEIE/GIEL; (TOS) - PC,
ifs=1, PCLATU, PCLATH are unchanged
(WS) > W, Status Affected: None
(STATUSS) — STATUS, ’
(BSRS) — BSR, Encoding: ‘ 0000 | 1100 ‘ kkkk ‘ kkkk |
PCLATU, PCLATH are unchanged Description: W is loaded with the eight-bit literal k.
Status Affected: GIE/GIEH, PEIE/GIEL. The program counter is loaded from
E . the top of the stack (the return
ncoding: ‘ 0000 | 0000 ‘ 0001 ‘ 000s | address). The high address latch
Description: Return from interrupt. Stack is popped (PCLATH) remains unchanged.
and Top-of-Stack (TOS) is loaded into Words: 1
the PC. Interrupts are enabled by
setting either the high or low-priority Cycles: 2
Global Interrupt Enable bit. If s =1, Q Cycle Activity:
the contents of the shadow registers Q1 Q2 Q3 Q4
WS, STATUSS and BSRS are loaded Decod Read 5 POP PC
into their corresponding registers W, ecode i ee: ‘W rgcess f K
STATUS and BSR. If s’ = 0, no update itera ata rom StafN'
of these registers occurs (default). write to
Words: 1 No No No No
oras: operation operation operation operation
Cycles: 2
Q Cycle Activity: Example:
Q1 Q2 Q3 Q4
Decode No No POP PC CALL TABLE ; Wcont ains table
operation | operation | from stack of f set hval ue
GIEL . '
NO. NO. NOI NO. TABLE
operation operation operation operation ADDWE PCL : W= offset
RETLW kO ; Begin table
Example: RETFIE 1 RETLW k1
After Interrupt .
" RSN RETLWkn ; End of table
BSR = BSRS
STATUS =  STATUSS :
GIE/GIEH, PEIE/GIEL = 1 Before Instruction
w = 07h
After Instruction
w = value of kn
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XORWF Exclusive OR W with f
Syntax: XORWF  f{,d{,a}}
Operands: 0<f<255
d e [0,1]
a e [0,1]
Operation: (W) .XOR. (f) —» dest
Status Affected: N, Z
Encoding: | o001 | toda [ ffif [ ffff |
Description: Exclusive OR the contents of W with
register ‘f’. If ‘d’ is ‘0’, the result is
stored in W. If 'd’ is ‘1’, the result is
stored back in the register ‘f’ (default).
If ‘@’ is ‘0’, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).
If ‘@’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 27.2.3 “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: XORWF REG 1, O
Before Instruction
REG = AFh
w = B5h
After Instruction
REG = 1Ah
w = B5h
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27.2.3 BYTE-ORIENTED AND
BIT-ORIENTED INSTRUCTIONS IN
INDEXED LITERAL OFFSET MODE

Note:  Enabling the PIC18 instruction set exten-
sion may cause legacy applications to
behave erratically or fail entirely

In addition to eight new commands in the extended set,
enabling the extended instruction set also enables
Indexed Literal Offset Addressing (Section 6.6.1
“Indexed Addressing with Literal Offset”). This has
a significant impact on the way that many commands of
the standard PIC18 instruction set are interpreted.

When the extended set is disabled, addresses embed-
ded in opcodes are treated as literal memory locations:
either as a location in the Access Bank (a =0) orin a
GPR bank designated by the BSR (a = 1). When the
extended instruction set is enabled and a = 0, however,
a file register argument of 5Fh or less is interpreted as
an offset from the pointer value in FSR2 and not as a
literal address. For practical purposes, this means that
all instructions that use the Access RAM bit as an
argument — that is, all byte-oriented and bit-oriented
instructions, or almost half of the core PIC18 instruc-
tions — may behave differently when the extended
instruction set is enabled.

When the content of FSR2 is 00h, the boundaries of the
Access RAM are essentially remapped to their original
values. This may be useful in creating
backward-compatible code. If this technique is used, it
may be necessary to save the value of FSR2 and
restore it when moving back and forth between C and
assembly routines in order to preserve the Stack
Pointer. Users must also keep in mind the syntax
requirements of the extended instruction set (see
Section 27.2.3.1 “Extended Instruction Syntax with
Standard PIC18 Commands”).

Although the Indexed Literal Offset mode can be very
useful for dynamic stack and pointer manipulation, it
can also be very annoying if a simple arithmetic opera-
tion is carried out on the wrong register. Users who are
accustomed to the PIC18 programming must keep in
mind that, when the extended instruction set is
enabled, register addresses of 5Fh or less are used for
Indexed Literal Offset Addressing.

Representative examples of typical byte-oriented and
bit-oriented instructions in the Indexed Literal Offset
mode are provided on the following page to show how
execution is affected. The operand conditions provided
in the examples are applicable to all instructions of
these types.

27.2.3.1 Extended Instruction Syntax with

Standard PIC18 Commands

When the extended instruction set is enabled, the file
register argument ‘f’ in the standard byte-oriented and
bit-oriented commands is replaced with the literal offset
value ‘k’. As already noted, this occurs only when f is
less than or equal to 5Fh. When an offset value is used,
it must be indicated by square brackets (‘[ ]’). As with
the extended instructions, the use of brackets indicates
to the compiler that the value is to be interpreted as an
index or an offset. Omitting the brackets, or using a
value greater than 5Fh within the brackets, will
generate an error in the MPASM Assembler.

If the index argument is properly bracketed for Indexed
Literal Offset Addressing, the Access RAM argument is
never specified; it will automatically be assumed to be
‘0’. This is in contrast to standard operation (extended
instruction set disabled) when ‘a’ is set on the basis of
the target address. Declaring the Access RAM bit in
this mode will also generate an error in the MPASM
Assembler.

The destination argument ‘d’ functions as before.

In the latest versions of the MPASM Assembler,
language support for the extended instruction set must
be explicitly invoked. This is done with either the
command line option, /y, or the PE directive in the
source listing.

2724 CONSIDERATIONS WHEN
ENABLING THE EXTENDED
INSTRUCTION SET

It is important to note that the extensions to the instruc-
tion set may not be beneficial to all users. In particular,
users who are not writing code that uses a software
stack may not benefit from using the extensions to the
instruction set.

Additionally, the Indexed Literal Offset Addressing
mode may create issues with legacy applications
written to the PIC18 assembler. This is because
instructions in the legacy code may attempt to address
registers in the Access Bank below 5Fh. Since these
addresses are interpreted as literal offsets to FSR2
when the instruction set extension is enabled, the
application may read or write to the wrong data
addresses.

When porting an application to the PIC18F46J11 fam-
ily, it is very important to consider the type of code. A
large, re-entrant application that is written in C and
would benefit from efficient compilation will do well
when using the instruction set extensions. Legacy
applications that heavily use the Access Bank will most
likely not benefit from using the extended instruction
set.
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