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PIC18F2331/2431/4331/4431

2.0 GUIDELINES FOR GETTING FIGURE 2-1: RECOMMENDED
STARTED WITH PIC18F MINIMUM CONNECTIONS
MICROCONTROLLERS

c2M

2.1 Basic Connection Requirements Voo H{

Getting started with the PIC18F2331/2431/4331/4431 R1 2 g

family of 8-bit microcontrollers requires attention to a R2 >z

minimal set of device pin connections before MCLR

proceeding with development.

. . C1 VDD T

The following pins must always be connected: I PIC18FXXXX c3®

= vss|—4——

« All VDD and Vss pins
(see Section 2.2 “Power Supply Pins”) 1T Vss

» All AVDD and AVSss pins, regardless of whether or ce(®
not the analog device features are used Voo 8 g9 6 v
(see Section 2.2 “Power Supply Pins”) zZ =z 2 2
« MCLR pin }_{ %
(see Section 2.3 “Master Clear (MCLR) Pin")
cs5® c4®
These pins must also be connected if they are being
used in the end application:
* PGC/PGD pins used for In-Circuit Serial
Programming™ (ICSP™) and debugging purposes Key (all values are recommendations):
(see Section 2.4 “ICSP Pins”) C1 through C6: 0.1 pF, 20V ceramic
* OSCI and OSCO pins when an external oscillator R1: 10 kQ

source is used

. ) _ R2: 100Q to 470Q
(see Section 2.5 “External Oscillator Pins”)

Note 1: The example shown is for a PIC18F device
Additionally, the following pins may be required: with five VDD/Vss and AVDD/AVSS pairs.

« VREF+/VREF- pins are used when external voltage Other devices may have more or less pairs;

. adjust the number of decoupling capacitors
reference for analog modules is implemented appropriately.

Note:  The AVDD and AVSS pins must always be
connected, regardless of whether any of
the analog modules are being used.

The minimum mandatory connections are shown in
Figure 2-1.
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2.3 Master Clear (MCLR) Pin

The MCLR pin provides two specific device
functions: Device Reset, and Device Programming
and Debugging. If programming and debugging are
not required in the end application, a direct
connection to VDD may be all that is required. The
addition of other components, to help increase the
application’s resistance to spurious Resets from
voltage sags, may be beneficial. A typical
configuration is shown in Figure 2-1. Other circuit
designs may be implemented, depending on the
application’s requirements.

During programming and debugging, the resistance
and capacitance that can be added to the pin must be
considered. Device programmers and debuggers drive
the MCLR pin. Consequently, specific voltage levels
(ViH and VIL) and fast signal transitions must not be
adversely affected. Therefore, specific values of R1
and C1 will need to be adjusted based on the
application and PCB requirements. For example, it is
recommended that the capacitor, C1, be isolated from
the MCLR pin during programming and debugging
operations by using a jumper (Figure 2-2). The jumper
is replaced for normal run-time operations.

Any components associated with the MCLR pin
should be placed within 0.25 inch (6 mm) of the pin.

FIGURE 2-2: EXAMPLE OF MCLR PIN
CONNECTIONS
VDD
R1
R2
MCLR
JP PIC18FXXXX

C1

I o

Note 1: R1< 10kQ is recommended. A suggested
starting value is 10 kQ. Ensure that the
MCLR pin VIH and VIL specifications are met.

2: R2< 470Q will limit any current flowing into
MCLR from the external capacitor, C, in the
event of MCLR pin breakdown, due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS). Ensure that the MCLR pin
VIH and VIL specifications are met.

2.4 ICSP Pins

The PGC and PGD pins are used for In-Circuit Serial
Programming™ (ICSP™) and debugging purposes. It
is recommended to keep the trace length between the
ICSP connector and the ICSP pins on the device as
short as possible. If the ICSP connector is expected to
experience an ESD event, a series resistor is recom-
mended, with the value in the range of a few tens of
ohms, not to exceed 100Q.

Pull-up resistors, series diodes, and capacitors on the
PGC and PGD pins are not recommended as they will
interfere with the programmer/debugger communica-
tions to the device. If such discrete components are an
application requirement, they should be removed from
the circuit during programming and debugging. Alter-
natively, refer to the AC/DC characteristics and timing
requirements information in the respective device
Flash programming specification for information on
capacitive loading limits and pin input voltage high (VIH)
and input low (VIL) requirements.

For device emulation, ensure that the “Communication
Channel Select” (i.e., PGCx/PGDx pins) programmed
into the device matches the physical connections for
the ICSP to the Microchip debugger/emulator tool.

For more information on available Microchip
development tools connection requirements, refer to
Section 25.0 “Development Support”.

© 2010 Microchip Technology Inc.
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TABLE 5-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets
Reqister Applicable Devices Power-on Reset, WDT Reset Wake-up via WDT
g PP Brown-out Reset |  RESET Instruction or Interrupt
Stack Resets
CAP3BUFL/ | 2331|2431 (4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
MAXCNTL
CAP1CON 2331 (2431|4331 | 4431 -0-- 0000 -0-- 0000 -u-- uuuu
CAP2CON 2331 (2431|4331 | 4431 -0-- 0000 -0-- 0000 -u-- uuuu
CAP3CON 2331 (2431|4331 | 4431 -0-- 0000 -0-- 0000 -u-- uuuu
DFLTCON 2331 (2431|4331 | 4431 - 000 0000 - 000 0000 - uuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = 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

3:

interrupt vector (0008h or 0018h).

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.

See Table 5-2 for Reset value for specific condition.

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’.

Bit 3 of PORTE and LATE are enabled if MCLR functionality is disabled. When not enabled as the PORTE
pin, they are disabled and read as ‘0’. The 28-pin devices do not have only RE3 implemented.

© 2010 Microchip Technology Inc.
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6.5.4 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFRs) are registers
used by the CPU and peripheral modules for controlling
the desired operation of the device. These registers are
implemented as static RAM. A list of these registers is
given in Table 6-1 and Table 6-2.

The SFRs can be classified into two sets: those asso-
ciated with the “core” function and those related to the
peripheral functions. Those registers related to the

“core” are described in this section, while those related
to the operation of the peripheral features are
described in the section of that peripheral feature.

The SFRs are typically distributed among the

peripherals whose functions they control.

The unused SFR locations will be unimplemented and
read as ‘O’s.

SPECIAL FUNCTION REGISTER MAP FOR PIC18F2331/2431/4331/4431 DEVICES

TABLE 6-1:

Address Name Address Name Address
FFFh TOSU FDFh | INDF2® FBFh
FFEh TOSH FDEh | POSTINC2W FBEh
FFDh TOSL FDDh | POSTDEC2(M FBDh
FFCh | STKPTR FDCh | PREINC2( FBCh
FFBh | PCLATU FDBh | PLUSW2(® FBBh
FFAh | PCLATH FDAh FSR2H FBAh
FFoh PCL FDSh FSR2L FBYh
FFsh | TBLPTRU FD8h | STATUS FB8h
FF7h | TBLPTRH FD7h | TMROH FB7h
FFéh | TBLPTRL FD6h TMROL FB6h
FF5h | TABLAT FD5h | TOCON FB5h
FF4h | PRODH FD4h —@ FB4h
FF3h | PRODL FD3h | OSCCON FB3h
FF2h | INTCON FD2h | LVDCON FB2h
FF1h | INTCON2 FD1h | WDTCON FB1h
FFOh | INTCON3 FDOh RCON FBOh
FEFh | INDFO®W FCFh | TMR1H FAFh
FEEh | POSTINCO®W FCEh TMRI1L FAEh
FEDh |POSTDECO™W FCDh | T1CON FADh
FECh | PREINCO® FCCh TMR2 FACh
FEBh | PLUSWOW® FCBh PR2 FABh
FEAh | FSROH FCAh | T2CON FAAh
FE9h FSROL FC9h | SSPBUF FA9h
FE8h | WREG FC8h | SSPADD FA8h
FE7h | INDF1® FC7h | SSPSTAT FA7h
FE6h | POSTINC1® FC6h | SSPCON FAGh
FE5h |POSTDEC1® FC5h —@ FA5h
FE4h | PREINC1® FC4h | ADRESH FA4h
FE3h | PLUSW1®D FC3h | ADRESL FA3h
FE2h | FSR1H FC2h | ADCONO FA2h
FE1h FSR1L FC1h | ADCON1 FA1h
FEOh BSR FCOh | ADCON2 FAOh

Note 1: This is not a physical register.

2:  Unimplemented registers are read as ‘0.
3: This register is not available on 28-pin devices.

Name Address Name Address Name
CCPR1H FOFh | IPR1 F7Fh PTCONO
CCPRIL FOEh | PIR1 F7Eh PTCON1
CCP1CON FoDh | PIE1 F7Dh PTMRL
CCPR2H Foch | —@ F7Ch PTMRH
CCPR2L FO9Bh |OSCTUNE| F7Bh PTPERL
CCP2CON F9Ah | ADCON3 | F7Anh PTPERH
ANSEL1 F99h | ADCHS F79h PDCOL
ANSELO Fogh | —@ F78h PDCOH
T5CON Foth | —@ F77h PDC1L
QEICON Foeh | TRISE® | F76h PDC1H
—@ Fosh | TRISD® | F75h PDC2L
—@ F94h | TRISC F74h PDC2H
—@ Fo3h | TRISB F73h PDC3L®)
—@ Fo2h | TRISA F72h PDC3H®)
—@ F91h | PRS5H F71h | SEVTCMPL
SPBRGH F90h | PRS5L F70h | SEVTCMPH
SPBRG FeFh | —©@ F6Fh | PWMCONO
RCREG F8ER | —@ F6Eh | PWMCON1
TXREG FeDh | LATE® F6Dh DTCON
TXSTA F8Ch | LATD® F6Ch | FLTCONFIG
RCSTA F8Bh | LATC F6Bh | OVDCOND
BAUDCON F8Ah | LATB F6Ah | OVDCONS
EEADR F8oh | LATA F69h | CAP1BUFH
EEDATA F8sh | TMR5H Fe68h | CAP1BUFL
EECON2 F87h | TMR5L F67h | CAP2BUFH
EECON1 Feeh | —@ Fe6h | CAP2BUFL
IPR3 Fesh | —@ F65h | CAP3BUFH
PIR3 F84h | PORTE F64h | CAP3BUFL
PIE3 F83h | PORTD® | F63h CAP1CON
IPR2 F82h | PORTC F62h CAP2CON
PIR2 F81h | PORTB F61h CAP3CON
PIE2 F80h | PORTA F60h DFLTCON

© 2010 Microchip Technology Inc.
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TABLE 6-2: REGISTER FILE SUMMARY (PIC18F2331/2431/4331/4431)

File Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\g‘g"eB‘g‘R
TOSU — — — Top-of-Stack Upper Byte (TOS<20:16>) ---0 0000
TOSH Top-of-Stack High Byte (TOS<15:8>) 0000 0000
TOSL Top-of-Stack Low Byte (TOS<7:0>) 0000 0000
STKPTR STKFUL STKUNF — SP4 SP3 SP2 SP1 SPO 00- 0 0000
PCLATU — — bit 21®) | Holding Register for PC<20:16> ---0 0000
PCLATH Holding Register for PC<15:8> 0000 0000
PCL PC Low Byte (PC<7:0>) 0000 0000
TBLPTRU — — bit 21G) Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) --00 0000
TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000
TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 0000 0000
TABLAT Program Memory Table Latch 0000 0000
PRODH Product Register High Byte XXXX XXXX
PRODL Product Register Low Byte XXXX XXXX
INTCON GIE/GIEH PEIE/GIEL TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x
INTCON2 RBPU INTEDGO INTEDG1 INTEDG2 — TMROIP — RBIP 1111 -1-1
INTCON3 INT2IP INT1IP — INT2IE INT1IE — INT2IF INT1IF 11-0 0-00
INDFO Uses contents of FSRO to address data memory — value of FSRO not changed (not a physical register) N/A
POSTINCO Uses contents of FSRO to address data memory — value of FSRO post-incremented (not a physical register) N/A
POSTDECO Uses contents of FSRO to address data memory — value of FSRO post-decremented (not a physical register) N/A
PREINCO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) N/A
PLUSWO Uses contents of FSRO to address data memory — value of FSRO offset by W (not a physical register) N/A
FSROH — — — — Indirect Data Memory Address Pointer 0 High - .- XXXX
FSROL Indirect Data Memory Address Pointer O Low Byte XXXX  XXXX
WREG Working Register XXXX XXXX
INDF1 Uses contents of FSR1 to address data memory — value of FSR1 not changed (not a physical register) N/A
POSTINC1 Uses contents of FSR1 to address data memory — value of FSR1 post-incremented (not a physical register) N/A
POSTDEC1 Uses contents of FSR1 to address data memory — value of FSR1 post-decremented (not a physical register) N/A
PREINCA1 Uses contents of FSR1 to address data memory — value of FSR1 pre-incremented (not a physical register) N/A
PLUSW1 Uses contents of FSR1 to address data memory — value of FSR1 offset by W (not a physical register) N/A
FSR1H — | — | — | — | Indirect Data Memory Address Pointer 1 High Byte ---- 0000
FSR1L Indirect Data Memory Address Pointer 1 Low Byte XXXX XXXX
BSR — | — | — | — |Bank Select Register ---- 0000
INDF2 Uses contents of FSR2 to address data memory — value of FSR2 not changed (not a physical register) N/A
POSTINC2 Uses contents of FSR2 to address data memory — value of FSR2 post-incremented (not a physical register) N/A
POSTDEC2 Uses contents of FSR2 to address data memory — value of FSR2 post-decremented (not a physical register) N/A
PREINC2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register) N/A
PLUSW2 Uses contents of FSR2 to address data memory — value of FSR2 offset by W (not a physical register) N/A
FSR2H — | — | — | — | Indirect Data Memory Address Pointer 2 High Byte ---- 0000
FSR2L Indirect Data Memory Address Pointer 2 Low Byte XXXX XXXX
STATUS - | = 1 = 1 ~ ] o | z | obc | c - X XXXX
TMROH Timer0 Register High Byte 0000 0000
TMROL TimerO Register Low Byte XXXX XXXX
TOCON TMROON | ToteBIT | Tocs | Tose | psa | Tops2 | Ttopst | Ttopso |1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, q = value depends on condition. Shaded cells are unimplemented.

Note 1: RAG6 and associated bits are configured as port pins in RCIO, ECIO and INTIO2 (with port function on RA6) Oscillator modes only and read

‘0’ in all other oscillator modes.

RA7 and associated bits are configured as port pins in INTIO2 Oscillator mode only and read ‘0’ in all other modes.
Bit 21 of the PC is only available in Test mode and Serial Programming modes.

These registers and/or bits are not implemented on the PIC18F2331/2431 devices and read as ‘0’.

arwn

reads ‘0’. This bit is read-only.

The RE3 port bit is only available for PIC18F4331/4431 devices when the MCLRE fuse (CONFIG3H<7>) is programmed to ‘0’; otherwise, RE3

DS39616D-page 70 © 2010 Microchip Technology Inc.




PIC18F2331/2431/4331/4431

6.7.3.1 FSR Registers and the

INDF Operand

At the core of Indirect Addressing are three sets of
registers: FSR0O, FSR1 and FSR2. Each represents a
pair of 8-bit registers, FSRnH and FSRnL. The four
upper bits of the FSRnH register are not used so each
FSR pair holds a 12-bit value. This represents a value
that can address the entire range of the data memory
in a linear fashion. The FSR register pairs, then, serve
as pointers to data memory locations.

Indirect Addressing is accomplished with a set of
Indirect File Operands: INDFO through INDF2. These
can be thought of as “virtual” registers; they are
mapped in the SFR space but are not physically imple-
mented. Reading or writing to a particular INDF register
actually accesses its corresponding FSR register pair.
A read from INDF1, for example, reads the data at the
address indicated by FSR1H:FSR1L. Instructions that
use the INDF registers as operands actually use the
contents of their corresponding FSR as a pointer to the
instruction’s target. The INDF operand is just a
convenient way of using the pointer.

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

FIGURE 6-7: INDIRECT ADDRESSING

6.7.3.2 FSR Registers and POSTINC,

POSTDEC, PREINC and PLUSW

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

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

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

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

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

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

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

Using an instruction with one of the
indirect addressing registers as the
operand....

ADDWF,

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

. 7
register....

0

FSR1H:FSR1L

x| [2]1]o] [2]1]ofo[s]1]o]o]

-

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

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

000h
I NDF1, 1 Bank 0
100h
Bank 1
200h
Bank 2
300h
! 0 Bank 3
through NN
y; A Bank13  Un
EOOh
> Bank 14
FOOh
Bank 15
FFFh
Data Memory
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REGISTER 10-8: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

R/W-0 u-0 U-0 R/W-0 u-0 R/W-0 u-0 R/W-0
OSCFIE — — EEIE — LVDIE — CCP2IE
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’ = Bitis cleared x = Bit is unknown
bit 7 OSCEFIE: Oscillator Fail Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6-5 Unimplemented: Read as ‘0’
bit 4 EEIE: Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 Unimplemented: Read as ‘0’
bit 2 LVDIE: Low-Voltage Detect Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 Unimplemented: Read as ‘0’
bit 0 CCP2IE: CCP2 Interrupt Enable bit
1 = Enabled
0 = Disabled

DS39616D-page 106 © 2010 Microchip Technology Inc.
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SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

TABLE 11-2:
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O R%S:L\;Z':zes

PORTA RA7( RA6W RA5 RA4 RA3 RA2 RA1 RAO 57
LATA LATA7® | LATA6W |LATA Data Output Register 57
TRISA TRISA7® | TRISA6) |PORTA Data Direction Register 57
ADCON1 | VCFG1 | VCFGO — FIFOEN | BFEMT | BFOVFL | ADPNT1 | ADPNTO 56
ANSELO | ANS7@ | ANS6@ | ANS5@ | ANS4 | ANS3 | ANS2 ANS1 ANSO 56
ANSEL1 — — — — — — — ANS8® 56
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PORTA.

Note 1. RA<7:6> and their associated latch and data direction bits are enabled as 1/O pins based on oscillator

configuration; otherwise, they are read as ‘0’.

ANSS5 through ANS8 are available only on the PIC18F4331/4431 devices.

© 2010 Microchip Technology Inc.
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TABLE 11-7: PORTD I/O SUMMARY
Pin Function S-tl;ﬁilﬁg 110 Tl;;cj)e Description
RDO/TOCKI/ RDO 0 (0] DIG LATD<0> data output.
T5CKI 1 | ST | PORTD<0> data input.
ToCKI® 1 | ST TimerO alternate clock input.
T5CKIM 1 | ST Timer5 alternate clock input.
RD1/SDO RD1 0 (e} DIG LATD<1> data output.
1 | ST PORTD<1> data input.
spo® 0 (0] DIG SPI data out; takes priority over port data.
RD2/SDI/SDA RD2 0 (0] DIG LATD<2> data output.
1 | ST PORTD<2> data input.
spI® 1 | ST | SPI data input (SSP module).
SDAW 0 o} DIG |I2C™ data output (SSP module); takes priority over port data.
1 | 12C | IC data input (SSP module).
RD3/SCK/SCL RD3 0 (0] DIG LATD<3> data output.
1 | ST PORTD<3> data input.
Sck® o o DIG | SPI clock output (SSP module); takes priority over port data.
1 | ST SPI clock input (SSP module).
scL® 0 O DIG 12C clock output (SSP module); takes priority over port data.
1 | 1°c 12C clock input (SSP module); input type depends on module setting.
RD4/FLTA RD4 0 o} DIG LATD<4> data output.
1 | ST PORTD<4> data input.
FLTA® 1 I ST | Fault Interrupt Input Pin A.
RD5/PWM4 RD5 0 (0] DIG LATD<5> data output.
1 | ST PORTD<5> data input.
PWM4®) 0 o DIG PWM Output 4; takes priority over port data.
RD6/PWM6 RD6 0 (e} DIG LATD<6> data output.
1 | ST PORTD<6> data input.
PWM6 0 (0] DIG PWM Output 6; takes priority over port data.
RD7/PWM7 RD7 0 (0] DIG LATD<7> data output.
1 | ST PORTD<7> data input.
PWM7 0 O DIG PWM Output 7; takes priority over port data.

Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer;
x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: RC3is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin for SCK/SCL;
RC?7 is the alternate pin for SDO.
2:  RC1 is the alternate pin for FLTA.
3: RBS5 is the alternate pin for PWM4.

TABLE 11-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
Name Bit 7 Bit6 | Bit5 Bit 4 Bit3 | Bit2 | Bit1 | Bito | tesetvalues
on Page:
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 57
LATD LATD Data Output Register 57
TRISD PORTD Data Direction Register 57

© 2010 Microchip Technology Inc. DS39616D-page 123
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FIGURE 12-1: TIMERO BLOCK DIAGRAM (8-BIT MODE)
Fosc/4 0
Sync with Set
; ——{ Twro |-
intomal TVROF,

TOSE (2 Tcy Delay)
TOCS
TOPS<2:0>
PSA

<

Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.

> Internal Data Bus

FIGURE 12-2: TIMERO BLOCK DIAGRAM (16-BIT MODE)
Fosc/4 0
Sync with Set
1 Internal |——® TMROL TMRO TMROIF
High Byte
TOCKI pin Programmable Clocks 8 on Overflow
Prescaler
TOSE \ (2 Tcy Delay)
TOCS 3 \ /— Read TMROL
TOPS<2:0> [
PSA Write TMROL
N8
TMROH
8
< > Internal Data Bus
Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.
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14.0 TIMERZ MODULE

The Timer2 module has the following features:

» 8-bit Timer register (TMR2)

» 8-bit Period register (PR2)

* Readable and writable (both registers)

» Software programmable prescaler (1:1, 1:4, 1:16)

» Software programmable postscaler (1:1 to 1:16)

 Interrupt on TMR2 match with PR2

* SSP module optional use of TMR2 output to
generate clock shift

Timer2 has a control register, shown in Register 14-1.
TMR2 can be shut off by clearing control bit, TMR20ON
(T2CON<2>), to minimize power consumption.
Figure 14-1 is a simplified block diagram of the Timer2
module. Register 14-1 shows the Timer2 Control
register. The prescaler and postscaler selection of
Timer2 are controlled by this register.

REGISTER 14-1:

141

Timer2 can be used as the PWM time base for the
PWM mode of the CCP module. The TMR2 register is
readable and writable, and is cleared on any device
Reset. The input clock (FOsc/4) has a prescale option
of 1:1, 1:4 or 1:16, selected by control bits,
T2CKPS<1:0> (T2CON<1:0>). The match output of
TMR2 goes through a 4-bit postscaler (which gives a
1:1 to 1:16 scaling inclusive) to generate a TMR2
interrupt, latched in flag bit, TMR2IF (PIR1<1>).

The TMR2 and PR2 registers are both directly readable
and writable. The TMR2 register is cleared on any
device Reset, while the PR2 register initializes at FFh.

Timer2 Operation

The prescaler and postscaler counters are cleared

when any of the following occurs:

* A write to the TMR2 register

» A write to the T2CON register

+ Any device Reset (Power-on Reset, MCLR Reset,
Watchdog Timer Reset or Brown-out Reset)

TMR2 is not cleared when T2CON is written.

T2CON: TIMER2 CONTROL REGISTER

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

— TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSO TMR20ON T2CKPS1 T2CKPSO0
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’ = Bitis cleared x = Bit is unknown

bit 7
bit 6-3

Unimplemented: Read as ‘0’

0000 = 1:1 Postscale
0001 = 1:2 Postscale

.
.

1111 = 1:16 Postscale
TMR2ON: Timer2 On bit

1 = Timer2 is on
0 = Timer2 is off

bit 2

bit 1-0
00 = Prescaler is 1
01 = Prescaleris 4
1x = Prescaler is 16

TOUTPS<3:0>: Timer2 Output Postscale Select bits

T2CKPS<1:0>: Timer2 Clock Prescale Select bits
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The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.
When the CCPR1H and 2-bit latch match TMR2,
concatenated with an internal 2-bit Q clock or two bits
of the TMR2 prescaler, the CCP1 pin is cleared. The
maximum PWM resolution (bits) for a given PWM
frequency is given by the following equation:

EQUATION 16-3:

16.5.3 SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP1 module for PWM operation:
1. Set the PWM period by writing to the PR2 register.

2. Setthe PWM duty cycle by writing to the CCPR1L
register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the
TRISC<2> bit.

4. Set the TMR2 prescale value and enable Timer2

( Fosc) by writing to T2CON.
|OQKFPC\)NS'\CU 5. Configure the CCP1 module for PWM operation.
PWM Resolution (max) = l0g(2) bits

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.
TABLE 16-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz
PWM Frequency 2.44 kHz 9.77 kHz 39.06 kHz | 156.25 kHz | 312.50 kHz | 416.67 kHz

Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 10 10 10 8 7 6.58

TABLE 16-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 | Bitl | BitO R‘f)ﬁg:fs

INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF 54
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 57
PIE1 — ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE 57
IPR1 — ADIP RCIP TXIP | SSPIP | CCP1IP | TMR2IP | TMR1IP 57
TRISC PORTC Data Direction Register 57
TMR2 Timer2 Register 55
PR2 Timer2 Period Register 55
T2CON — | TOUTPS3 |TOUTPS2| TOUTPS1 | TOUTPS0| TMR20N| T2CKPS1| T2CKPS0 55
CCPR1L |Capture/Compare/PWM Register 1 Low Byte 56
CCPR1H |Capture/Compare/PWM Register 1 High Byte 56
CCPICON| — | — | DC1B1 | DC1BO | CCP1M3 |CCP1M2| CCP1M1 | CCP1MO 56
CCPR2L |Capture/Compare/PWM Register 2 Low Byte 56
CCPR2H |Capture/Compare/PWM Register 2 High Byte 56
CCP2CON| — | — | DC2B1 | DC2B0 | CCP2M3 [CCP2M2| CCP2M1 | CCP2MO 56
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by PWM and

Timer2.
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17.1.2 PERIOD MEASUREMENT MODE

The Period Measurement mode is selected by setting
CAPxM<3:0>=0101. In this mode, the value of Timer5
is latched into the CAPxBUF register on the rising edge
of the input capture trigger and Timer5 is subsequently
reset to 0000h (optional by setting CAPxREN = 1) on
the next Tcy (see capture and Reset relationship in
Figure 17-4).

17.1.3 PULSE-WIDTH MEASUREMENT
MODE

The Pulse-Width Measurement mode can be configured
for two different edge sequences, such that the pulse
width is based on either the falling to rising edge of the
CAPx input pin (CAPxM<3:0> = 0110), or on the rising
to falling edge (CAPxM<3:0> =0111).

Timer5 is always reset on the edge when the
measurement is first initiated. For example, when the
measurement is based on the falling to rising edge,
Timer5 is first reset on the falling edge, and thereafter,
the timer value is captured on the rising edge. Upon
entry into the Pulse-Width Measurement mode, the
very first edge detected on the CAPx pin is always
captured. The TMRS5 value is reset on the first active
edge (see Figure 17-5).

FIGURE 17-5: PULSE-WIDTH MEASUREMENT MODE TIMING
|at|a2|as|a4]r]az] as|a4|atlaz]as] o4l ar|az|as|od| oif ad as| 4| atlazlas] a4 aflaz|as|ok|¢1laz|as] p4at|ezlos|pd] aflazlaslo|
| | AUV
I | ] I [ I ! |
TMR5W X 0012 )l( 0013 |X 0014 )I( 0015 )@(oooo X 0001 |X 0002 XX 0000 X 0001 X 0002
i . i
| | | | |
CAP1 Pin®@ ! : ﬁ:—+ | v
| |
| | |
CAP1BUF® i X 0015 X :0001 :)( 0002
T ! | ]
I 1

TMR5 Reset5)

_i

|
|

|

|

|

|

|

[

|

| |
MOVWE_ CAP1CONY '

|

1

Instruction
Execution!

2)

Note 1:
2: IC1

(see Note 4 when Reset occurs).

TMRS5 is a synchronous time base input to the input capture; prescaler = 1:1. It increments on every Q1 rising edge.

is configured in Pulse-Width Measurement mode (CAP1M<3:0> = 0111, rising to falling pulse-width
measurement). No noise filter on CAP1 input is used. The MOV instruction loads CAP1CON when W = 0111.

3: TMRS5 value is latched by CAP1BUF on TcY rising edge. In the event that a write to TMRS coincides with an input cap-
ture event, the write will always take precedence. All Input Capture Buffers, CAP1BUF, CAP2BUF and CAP3BUF, are
updated with the incremented value of the time base on the next TCY clock edge when the capture event takes place

4: TMRS5 Reset is normally an asynchronous Reset signal to TMR5. When used in Pulse-Width Measurement mode, it
is always present on the edge that first initiates the pulse-width measurement (i.e., when configured in the rising to
falling Pulse-Width Measurement mode); it is active on each rising edge detected. In the falling to rising Pulse-Width
Measurement mode, it is active on each falling edge detected.

5: TMRS5 Reset pulse is activated on the capture edge. The CAP1REN bit has no bearing in this mode.

© 2010 Microchip Technology Inc.
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TABLE 18-6: REGISTERS ASSOCIATED WITH THE POWER CONTROL PWM MODULE

Reset
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | Values
on Page:
INTCON GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF | INTOIF RBIF 54
IPR3 = = = PTIP IC3DRIP | IC2QEIP | IC1IP | TMRS5IP 56
PIE3 = = = PTIE IC3DRIE | IC2QEIE | IC1IE | TMRS5IE 56
PIR3 = = — PTIF IC3DRIF | IC2QEIF | IC1IF | TMRS5IF 56
PTCONO PTOPS3 | PTOPS2 | PTOPS1 | PTOPSO | PTCKPS1 | PTCKPSO | PTMOD1 | PTMODO | 58
PTCON1 PTEN PTDIR = — = = = = 58
PTMRLY PWM Time Base Register (lower 8 bits) 58
PTMRH® UNUSED |PWM Time Base Register (upper 4 bits) 58
PTPERLY  |PWM Time Base Period Register (lower 8 bits) 58
PTPERH® UNUSED |PW|v| Time Base Period Register (upper 4 bits) 58
SEVTCMPL® | PWM Special Event Compare Register (lower 8 bits) 58
SEVTCMPH® UNUSED PWM Special Event Compare Register 58
(upper 4 bits)

PWMCONO = PWMEN2 | PWMEN1 | PWMENO | PMOD3® | PMOD2 | PMOD1 | PMODO 58
PWMCON1 |SEVOPS3| SEVOPS2 | SEVOPS1 | SEVOPSO | SEVTDIR = UDIS | OSYNC 58
DTCON DTPS1 DTPSO DT5 DT4 DT3 DT2 DT1 DTO 58
FLTCONFIG | BRFEN | FLTBS® |FLTBMOD® | FLTBEN® | FLTCON | FLTAS |FLTAMOD| FLTAEN 58
OVDCOND | POVD7®@ | POVDE®@ | POVD5 POVD4 POVD3 | POVD2 | POVD1 | POVDO 58
OVDCONS | POUT7® | POUTE®@ | POUTS POUT4 POUT3 | POUT2 | POUT1 | POUTO 58
PDcoL® PWM Duty Cycle #0L Register (lower 8 bits) 58
PDCOHW UNUSED | PWM Duty Cycle #0H Register (upper 6 bits) 58
PDC1L® PWM Duty Cycle #1L register (lower 8 bits) 58
PDC1H® UNUSED |PWM Duty Cycle #1H Register (upper 6 bits) 58
PDC2L® PWM Duty Cycle #2L Register (lower 8 bits) 58
PDC2HW UNUSED |PWM Duty Cycle #2H Register (upper 6 bits) 58
PDC3L®2  |PWM Duty Cycle #3L Register (lower 8 bits) 58
PDC3H(%:2) UNUSED |PWM Duty Cycle #3H Register (upper 6 bits) 58
Legend: — = Unimplemented, read as ‘0’. Shaded cells are not used with the power control PWM.

Note 1: Double-buffered register pairs. Refer to text for explanation of how these registers are read and written to.

2:  Unimplemented in PIC18F2331/2431 devices; maintain these bits clear. Reset values shown are for
PIC18F4331/4431 devices.
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20.3.5 BREAK CHARACTER SEQUENCE

The Enhanced USART module has the capability of
sending the special Break character sequences that
are required by the LIN/J2602 bus standard. The Break
character transmit consists of a Start bit, followed by
twelve ‘0’ bits and a Stop bit. The Frame Break charac-
ter is sent whenever the SENDB and TXEN bits
(TXSTA<3> and TXSTA<5>) are set while the Transmit
Shift register is loaded with data. Note that the value of
data written to TXREG will be ignored and all ‘0’s will
be transmitted.

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN/J2602 specification).

Note that the data value written to the TXREG for the
Break character is ignored. The write simply serves the
purpose of initiating the proper sequence.

The TRMT bit indicates when the transmit operation is
active or Idle, just as it does during normal transmis-
sion. See Figure 20-9 for the timing of the Break
character sequence.

20.3.5.1

The following sequence will send a message frame
header made up of a Break, followed by an Auto-Baud
Sync byte. This sequence is typical of a LIN/J2602 bus
master.

1. Configure the EUSART for the desired mode.

2. Set the TXEN and SENDB bits to setup the
Break character.

3. Load the TXREG with a dummy character to
initiate transmission (the value is ignored).

4. Write ‘55h’ to TXREG to load the Sync character
into the transmit FIFO buffer.

5. After the Break has been sent, the SENDB bit is
reset by hardware. The Sync character now
transmits in the preconfigured mode.

Break and Sync Transmit Sequence

When the TXREG becomes empty, as indicated by the
TXIF, the next data byte can be written to TXREG.

20.3.6 RECEIVING A BREAK CHARACTER

The Enhanced USART module can receive a Break
character in two ways.

The first method forces configuration of the baud rate
at a frequency of 9/13 of the typical speed. This allows
for the Stop bit transition to be at the correct sampling
location (13 bits for Break versus Start bit and 8 data
bits for typical data).

The second method uses the auto-wake-up feature
described in Section 20.3.4 “Auto-Wake-up on Sync
Break Character’. By enabling this feature, the
EUSART will sample the next two transitions on RX/DT,
cause an RCIF interrupt and receive the next data byte
followed by another interrupt.

Note that following a Break character, the user will
typically want to enable the Auto-Baud Rate Detect
feature. For both methods, the user can set the ABD bit
before placing the EUSART in its Sleep mode.

FIGURE 20-9: SEND BREAK CHARACTER SEQUENCE
Write to TXREG M (C
Dummy Write J)
Ao R IR B R I G S s I e B
TX (Pin) : Start Bit Bit 0 Bit 1 _/_/( Bit 11 Stop Bit
- Break =E\
TXIF bit :
(Interrupt Reg. Flagl) i_| )()( [
TRMT bit .
T it Shift
cel Emy oy | {5 |
SENDB :/— SENDB sampled here Auto-Cleared ‘\‘:
(Transmit Shift . (C
Reg. Empty Flag) _ ' )) .
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23.4 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 system clock to the internal oscillator block. The
FSCM function is enabled by setting the Fail-Safe
Clock Monitor Enable bit, FCMEN (CONFIG1H<6>).

When FSCM is enabled, the INTRC oscillator runs at
all times to monitor clocks to peripherals and provide
an instant backup clock in the event of a clock failure.
Clock monitoring (shown in Figure 23-3) is
accomplished by creating a sample clock signal, which
is the INTRC output divided by 64. This allows ample
time between FSCM sample clocks for a peripheral
clock edge to occur. The peripheral system clock and
the sample clock are presented as inputs to the Clock
Monitor latch (CM). The CM is set on the falling edge of
the system clock source, but cleared on the rising edge
of the sample clock.

FIGURE 23-3: FSCM BLOCK DIAGRAM
Clock Monitor
Latch (CM)
(edge-triggered)
Peripheral -
Clock ™S Q
INTRC .
Source +64
(32 ps) 488 Hz
(2.048 ms)
Clock
Failure
Detected

Clock failure is tested for on the falling edge of the
sample clock. If a sample clock falling edge occurs
while the CM is still set, a clock failure has been
detected (Figure 23-4). This causes the following:

» the FSCM generates an oscillator fail interrupt by
setting bit, OSCFIF (PIR2<7>);

« the system clock source is switched to the internal
oscillator block (OSCCON is not updated to show
the current clock source — this is the fail-safe
condition); and

* the WDT is reset.

Since the postscaler frequency from the internal
oscillator block may not be sufficiently stable, it may be
desirable to select another clock configuration and
enter an alternate power-managed mode (see
Section 23.3.1 “Special Considerations for Using
Two-Speed Start-up” and Section 4.1.4 “Multiple
Sleep Commands” for more details). This can be
done to attempt a partial recovery or execute a
controlled shutdown.

To use a higher clock speed on wake-up, the INTOSC
or postscaler clock sources can be selected to provide
a higher clock speed by setting bits, IRCF<2:0>, imme-
diately after Reset. For wake-ups from Sleep, the
INTOSC or postscaler clock sources can be selected
by setting the IRCF<2:0> bits prior to entering Sleep
mode.

Adjustments to the internal oscillator block using the
OSCTUNE register also affect the period of the FSCM
by the same factor. This can usually be neglected, as
the clock frequency being monitored is generally much
higher than the sample clock frequency.

The FSCM will detect failures of the primary or second-
ary clock sources only. If the internal oscillator block
fails, no failure would be detected, nor would any action
be possible.

23.41 FSCM AND THE WATCHDOG TIMER

Both the FSCM and the WDT are clocked by the
INTRC oscillator. Since the WDT operates with a
separate divider and counter, disabling the WDT has
no effect on the operation of the INTRC oscillator when
the FSCM is enabled.

As already noted, the clock source is switched to the
INTOSC clock when a clock failure is detected.
Depending on the frequency selected by the
IRCF<2:0> bits, this may mean a substantial change in
the speed of code execution. If the WDT is enabled
with a small prescale value, a decrease in clock speed
allows a WDT time-out to occur and a subsequent
device Reset. For this reason, Fail-Safe Clock Monitor
events also reset the WDT and postscaler, allowing it to
start timing from when execution speed was changed
and decreasing the likelihood of an erroneous time-out.

23.4.2 EXITING FAIL-SAFE OPERATION

The fail-safe condition is terminated by either a device
Reset, or by entering a power-managed mode. On Reset,
the controller starts the primary clock source specified in
Configuration Register 1H (with any required start-up
delays that are required for the oscillator mode, such as
the OST or PLL timer). The INTOSC multiplexer provides
the system clock until the primary clock source becomes
ready (similar to a Two-Speed Start-up). The clock system
source is then switched to the primary clock (indicated by
the OSTS bit in the OSCCON register becoming set). The
Fail-Safe Clock Monitor then resumes monitoring the
peripheral clock.

The primary clock source may never become ready
during start-up. In this case, operation is clocked by the
INTOSC multiplexer. The OSCCON register will remain in
its Reset state until a power-managed mode is entered.

Entering a power-managed mode by loading the
OSCCON register and executing a SLEEP instruction
will clear the fail-safe condition. When the fail-safe
condition is cleared, the clock monitor will resume
monitoring the peripheral clock.

© 2010 Microchip Technology Inc.
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23.5.2 DATA EEPROM
CODE PROTECTION

The entire data EEPROM is protected from external
reads and writes by two bits: CPD and WRTD. CPD
inhibits external reads and writes of data EEPROM.
WRTD inhibits external writes to data EEPROM. The
CPU can continue to read and write data EEPROM
regardless of the protection bit settings.

23.5.3 CONFIGURATION REGISTER
PROTECTION

The Configuration registers can be write-protected.
The WRTC bit controls protection of the Configuration
registers. In normal execution mode, the WRTC bit is
readable only. WRTC can only be written via ICSP or
an external programmer.

23.6 ID Locations

Eight memory locations (200000h-200007h) are
designated as ID locations, where the user can store
checksum or other code identification numbers. These
locations are both readable and writable during normal
execution through the TBLRD and TBLW instructions,
or during program/verify. The ID locations can be read
when the device is code-protected.

23.7  In-Circuit Serial Programming

PIC18F2331/2431/4331/4431 microcontrollers can be
serially programmed while in the end application circuit.
This is simply done with two lines for clock and data,
and three other lines for power, ground and the
programming voltage. This allows customers to manu-
facture boards with unprogrammed devices, and then
program the microcontroller just before shipping the
product. This also allows the most recent firmware or a
custom firmware to be programmed.

23.8 In-Circuit Debugger

When the DEBUG bit in the CONFIG4L Configuration
register is programmed to a ‘0’, the In-Circuit Debugger
functionality is enabled. This function allows simple
debugging functions when used with MPLAB® IDE.
When the microcontroller has this feature enabled,
some resources are not available for general use.
Table 23-4 shows which resources are required by the
background debugger.

TABLE 23-4: DEBUGGER RESOURCES

1/0 pins: RB6, RB7
Stack: 2 levels
Program Memory: <1 Kbytes
Data Memory: 16 bytes

To use the In-Circuit Debugger function of the micro-
controller, the design must implement In-Circuit Serial
Programming connections to MCLR/VPP, VDD, VsS,
RB7 and RB6. This will interface to the In-Circuit
Debugger module available from Microchip or one of
the third party development tool companies.

23.9 Single-Supply ICSP™
Programming

The LVP bit in Configuration Register 4L
(CONFIG4L<2>) enables Single-Supply ICSP
Programming. When LVP is enabled, the microcontroller
can be programmed without requiring high voltage being
applied to the MCLR/VPP pin, but the RB5/PGM pin is
then dedicated to controlling Program mode entry and is
not available as a general purpose I/O pin.

LVP is enabled in erased devices.

While programming, using Single-Supply Program-
ming, VDD is applied to the MCLR/VPP pin as in normal
execution mode. To enter Programming mode, VDD is
applied to the PGM pin.

Note 1. High-voltage programming is always
available, regardless of the state of the
LVP bit or the PGM pin, by applying VIHH
to the MCLR pin.
2: When Single-Supply Programming is
enabled, the RB5 pin can no longer be
used as a general purpose /O pin.

3: When LVP is enabled externally, pull the
PGM pin to Vss to allow normal program

execution.

If Single-Supply ICSP Programming mode will not be
used, the LVP bit can be cleared and RB5/PGM
becomes available as the digital I/O pin RB5. The LVP
bit may be set or cleared only when using standard
high-voltage programming (VIHH applied to the MCLR/
VPP pin). Once LVP has been disabled, only the
standard high-voltage programming is available and
must be used to program the device.

Memory that is not code-protected can be erased using
either a block erase, or erased row by row, then written
at any specified VDD. If code-protected memory is to be
erased, a block erase is required. If a block erase is to
be performed when using Single-Supply Programming,
the device must be supplied with VDD of 4.5V to 5.5V.
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TABLE 24-1: OPCODE FIELD DESCRIPTIONS
Field Description
a RAM access bit:
a = 0: RAM location in Access RAM (BSR register is ignored)
a = 1: RAM bank is specified by BSR register
bbb Bit address within an 8-bit file register (0 to 7).
BSR Bank Select Register. Used to select the current RAM bank.
d Destination select bit:
d = 0: store result in WREG
d = 1: store result in file register f
dest Destination either the WREG register or the specified register file locations.
f 8-bit register file address (0x00 to OxFF).
fs 12-bit register file address (0x000 to OxFFF). This is the source address.
fd 12-bit register file address (0x000 to OxFFF). This is the destination address.
k Literal field, constant data or label (may be either an 8-bit, 12-bit or a 20-bit value).
| abel Label name.
mm The mode of the TBLPTR register for the table read and table write instructions.
Only used with table read and table write instructions:
* No Change to register (such as TBLPTR with table reads and writes).
*+ Post-Increment register (such as TBLPTR with table reads and writes).
*- Post-Decrement register (such as TBLPTR with table reads and writes).
+* Pre-Increment register (such as TBLPTR with table reads and writes).
n The relative address (2's complement number) for relative branch instructions, or the direct address for
Call/Branch and Return instructions.
PRODH Product of Multiply High Byte.
PRODL Product of Multiply Low Byte.
5 Fast Call/Return Mode Select bit:
s = 0: do not update into/from Shadow registers
s = 1: certain registers loaded into/from shadow registers (Fast mode)
u Unused or Unchanged.
WREG Working register (accumulator).
X Don'’t care (‘0’ or ‘1’).
The assembler will generate code with x = 0. It is the recommended form of use for compatibility with all
Microchip software tools.
TBLPTR 21-bit Table Pointer (points to a Program Memory location).
TABLAT 8-bit Table Latch.
TOS Top-of-Stack.
PC Program Counter.
PCL Program Counter Low Byte.
PCH Program Counter High Byte.
PCLATH Program Counter High Byte Latch.
PCLATU Program Counter Upper Byte Latch.
G E Global Interrupt Enable bit.
VDT Watchdog Timer.
TO Time-out bit.
PD Power-Down bit.
C DC Z OV, N ALU Status bits: Carry, Digit Carry, Zero, Overflow, Negative.
[ ] Optional.
) Contents.
- Assigned to.
< > Register bit field.
€ In the set of.
italics User-defined term (font is Courier New).
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TSTFSZ Test f, Skip if O XORLW Exclusive OR Literal with W
Syntax: [label] TSTFSZ f[,a] Syntax: [label] XORLW k
Operands: 0<f<255 Operands: 0<k<255
ae[01] )
Operation: (W) . XOR. k > W
Operation: skipiff=0
P P Status Affected: N, Z
Status Affected: None .
Encoding: | 0000 | 1010 | Kkkk | Kkkk |
Encoding: | o110 | o11a | feff | fff | o _
Description: The contents of W are XORed with
Description: If " = 0, the next instruction, fetched the 8-bit literal, ‘k’. The result is placed
during the current instruction execution, in W.

is discarded and a NOP is executed, )
making this a two-cycle instruction. If ‘a’ Words: 1
is ‘0’, the Access Bank will be selected, Cycles: 1
overriding the BSR value. If ‘@’ is ‘1’ P

’ Q Cycle Activity:
then the bank will be selected as per y y

the BSR value. Q1 Q2 Q3 Q4
Decode Read Process Write to W
Words: 1 literal 'k’ Data
Cycles: 1(2)

Note: 3 cycles if skip and followed )
by a 2-word instruction. Example. XORLW: OxAF
Before Instruction

Q Cycle Activity: w = 0xB5

Q1 Q2 Q3 Q4 .
After Instruction
Decode Read Process No W = OxiA
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 TSTFSZ CNT
NZERO
ZERO

Before Instruction
PC = Address ( HERE)

After Instruction

If CNT = 0x00,

PC = Address (ZERO
If CNT +  0x00,

PC = Address (NZERO
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